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ABSTRACT

Obijective: In the current literature, there are few accepted
pharmacological treatment methods for acute ischemic stroke.
This study was conducted to investigate the effects of
progesterone on transient ischemia / reperfusion injury in male
rats.

Material and Methods: A total of 25 Wistar albino male and
young rats were divided into 5 groups called Control group,
acute stage groups (Sham-A and PRG-A), and chronic stage
groups (Sham-C and PRG-C), randomly and their internal
carotid arteries were compressed using temporary aneurysm
clips for 30 minutes. At 4 hours after removal of the clips,
progesterone was injected to the animals of the PRG-A and
PRG-C group via intraperitoneal route. After sacrifice of all
animals, pyknotic and necrotic neuronal cells were counted in
hippocampal cornu amnonis (CA)1, CA2, CA3 and parietal
cortical regions, histopathologically. Tissue interleukin (IL)-6,
IL-10, caspase-3, and hypoxia-inducible factor-1 (HIF1) gene
expression levels were evaluated using real time polymerase
chain reaction assay.

Results: Histopathological and biochemical findings revealed
that progesterone has no healing effects on ischaemic neuronal
tissue damage in either acute or chronic period. Moreover,
progesterone was found to significantly increase symptoms of
ischaemia in both acute and chronic periods compared to
healthy control group and even compared to Sham groups where
I/R injury was applied and no experimental agent was
administered.

Conclusion: At the end of this study, it was thought that
progesterone had no therapeutic effect on cerebral ischemia /
reperfusion injury in male sex rats and it could lead to increase it
further, unfortunately.
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Amag: Giinimiizde akut iskemik inme tedavisine yonelik
literatiirde ¢ok az sayida kabul edilmis etkili farmakolojik
tedavi yontemi bulunmaktadir. Bu deneysel ¢alisma
progesteronun erkek ratlarda olusturulan gegici iskemi/
reperflizyon hasari lizerine olan etkilerini aragtirmak amaciyla
yapildi.

Gereg¢ ve Yontemler: Kontrol grubu (n=5) disinda, 20 adet
Wistar albino erkek sigani (Sham-A, Sham-C, PRG-A, PRG-
C) dort gruba dagitildi ve gegici anevrizma klipleri 30 dakika
boyunca internal karotid artere uygulandi. Klipler alindiktan
dort saat sonra, PRG-A ve PRG-C gruplarina intraperitoneal
olarak progesteron uygulandi. Tim hayvanlar sakrifiye
edildikten sonra, hipokampal cornu ammnonis CA 1, CA2,
CA3 ve parietal korteksteki piknotik ve nekrotik noéronal
hiicreler histopatolojik olarak sayildi. Ek olarak, doku
interlokin (IL)-6, IL-10, kaspaz-3, HIF1 gen ekspresyon
seviyeleri ve real time polimeraz zincir reaksiyonu
degerlendirildi.

Bulgular: Progesteronun iskeminin hem akut hemde kronik
doneminde  iskemik  noronal doku hasar1  {izerinde
histopatolojik ve biyokimyasal veriler bakimindan iyilestirici
etkilerinin olmadig1 goriildi. Hatta progesteronun iskemi
bulgularmi hem akut donemde ve hem de kronik donemde
saglikli dokulara gore ve hatta sadece cerrahi girisim yapilip
higbir deneysel ajan verilmeyen deney gruplarina gore belirgin
sekilde arttirdigi gézlendi.

Sonug¢: Bu ¢aligma sonunda progesteronun erkek cinsiyetteki
ratlarda olusturulan serebral iskemi/reperfiizyon hasarinda
tedavi edici etkinliginin olmadig: ve bu hasar1 daha da artirdig:
diisiiniildi.
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INTRODUCTION

In recent literature, although the most of studies have
aimed to develop the new neuroprotective treatment
modalities to reduce the progression of neuronal
damage in acute ischaemic stroke, there are found very
few accepted effective pharmacological treatment
methods (such as tissue plasminogen activator).
Unfortunately, several promising drugs have been
evaluated as unsuccessful in clinical trials because of
side-effects and/or therapeutic limitations (1,2). In
various experimental ischaemic injury and cerebral
trauma models, it has been shown that progesterone,
which is an endogenous steroid hormone, could have
pharmacotherapeutic effects. These studies have
demonstrated that progesterone reduced the cerebral
adenosin and excitator amino acid response and had an
antioxidant and “scavenger” effect (2-5). In addition,
progesteron could reduce the brain infarct by possibly
modulating expressions of some proteins (such as
vascular endothelial growth factor, glial fibrillar acidic
protein, and matrix metalloproteinase-9). It also may
repaire the blood-brain barrier by decreasing MMP
expressions and may reduce the apoptosis by
modulation of the PI3K/Akt pathway (3-5).

Despite all these beneficial effects, several
experimental studies conducted with male rats and
ovariectomised female rats demonstrated that
progesterone could have negative effects on acute
ischaemic injury and would lead to a worse outcome
(6-9).

In this experimental study, it was aimed to explore the
effects of progesterone on transient
ischaemia/reperfusion (I / R) injury created in male

rats.

MATERIALS AND METHODS

For use of animal subjects, approval for the study was
granted by Local Ethics Committee (Date: 15.04.2015;

Decision No: 15/42) and all study procedures were
constructed with this approval. The minimum number
of animals necessary for statistical analysis to be
applied in the testing of the drug was defined as 25.

In this study, progesterone (Progestan 50 mg/ mL,
Kogak  Farma, Turkey) was  administered

intraperitoneally at the dose of 8 mg/kg.

The animals were randomly separated into groups as
described below:

Control group (n=5): This group was consisted of
healthy subjects on which I/R injury was not performed
and no pharmacological agent was administered. (This
group was constructed to show that how close the
therapeutic effect of the progesterone compares to the
normal, healthy brain and to determine the efficacy of
the ischemic injury created in the stroke model of this

study)

Changes in stroke in the acute period (i.e. 3 days after
the surgical procedure) were examined in 2 sub-groups:
SHAM-A group (n=5): I/R injury was applied but no
experimental agent was administered to the subjects of
this group.

PRG-A group (n=5): I/R injury was applied and
intraperitoneal 8 mg/kg/day progesterone was injected

for three days to the subjects of this group.

Changes in stroke in the chronic period (i.e. 10 days
after the surgical procedure) were examined in 2 sub-
groups:

SHAM-C group (n=5): I/R injury was applied but no
experimental agent was administered to the subjects of
this group.

PRG-C group (n=5): I/R injury was applied and
intraperitoneal 8 mg/kg/day progesterone was injected

for ten days to the subjects of this group.

For sedational anaesthesia, 40 mg/kg ketamine
(Ketalar®; Pfizer) and 5 mg/kg xylazine (Rompun®

%?2; Bayer) were administered via intraperitoneal route.
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Surgical Procedure

At the experimental stage, sedational anaesthesia with
anaesthetic drugs was administered to the animals via
the intramuscular route. Then, a vertical incision was
made on the neck of each animal, both internal carotid
arteries were exposed, and these vessels were
compressed for 30 minutes using temporary aneurysm

clips (Figure 1).

Figure 1: Both internal carotid arteries were exposed,

and these vessels were closed for 30 minutes using

aneurysm clips

At the end of 30 minutes, the clips were removed and
blood flow was again permitted in these vessels. The
rats were then aroused from the sedation anaesthesia
and kept at normal room temperature for the duration
of the study. When 4 hours had elapsed after the taken
of the clips, 8 mg / kg progesterone was given to PRG-
A and PRG-C subjects intraperitoneally as a single
dose daily. (In clinical experience, many of the patients
have admitted to the hospital 4 hours after the
occurence of the stroke. For this reason, it was
considered injecting the progesterone to the animals 4

hours after the clippage to mimic clinical practice.)

Throughout the study, the rats were kept in separate

group cages at normal room temperature with a 12-

hour light and dark cycle and free access to food and

drinking water.

At the end of the sheduled time, under sedation
anaesthesia all  subjects were sacrificed by
exsanguination from the aorta. The subjects were then

decapitatied and their brain tissues were removed.

Right hippocampus taken from each animal for
histopathological examination was fixed in 10%
neutral buffered formalin at room temperature and left
hippocampus taken for real-time polymerase chain
reaction (PCR) gene expression analysis was

immediately frozen at -30°C and stored until assay.
Histopathological Examination

The tissue samples were dehydrated after 48 hours and
embedded in paraffin blocks, from which slices 4-5pm
in thickness were then cut. These slices were stained
using the routine hematoxyline and eosin (H&E)
staining method and slides obtained were evaluated
with a binocular microscope (Olympus BX51;
Olympus, Tokyo, Japan) by a pathologist who blinded
to the experimental groups and the agent substances

under investigation.

Pyknotic and necrotic neurons were counted and
photographed in the hippocampus cornu ammonis
(CA) 1, CA2, CA3 sections and the adjacent parietal

cortex areas of these preparates.
PCR Gene Expression Analysis

For PCR gene expression analysis, the tissue samples
kept at -30°C were homogenised in a homogenisator.
The hydrolysis probes master PCR mix (Hydrolysis
Probes Master and SYBR Green Master, Roche®
Molecular Biochemicals) prepared from the tissue
homogenates were placed into the PCR array
(LightCycler 480, Roche® Molecular Biochemicals)
and gene-expression levels of the caspase-3, hypoxia-
inducible factor-1 (HIF1), interleukin (IL)-6 and IL-10
levels in the injured brain tissue were obtained

according to the manufacturer’s data sheet.
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Statistical Analysis

The optimal number of animals was determined by the
minimum number of animals allowed as stipulated by
the ethical rules. Additionally, this number was
determined to be the lowest number that can be

analyzed statistically.

From the data of the acute period, parietal cortex and
CA1, CA2, CAS3 necrotic neuron count results and the
IL-6, IL-10 and HIFllevels and from the chronic
period data, IL-6, IL-10 and HIF1 levels were seen not
to have normal distribution between the groups and
were not homogenous. In the statistical analyses of the
findings, the difference among the groups was
determined using the Kruskall-Wallis test, and in the
comparison of differences between paired groups, the
Mann Whitney U test and Bonferroni Correction test
were used (p <0.05 and p <0.017, respectively). The
caspase-3 levels in the acute period and the parietal
cortex, CAl, CA2, CA3 necrotic neuron count and
caspase-3 levels in chronic period were determined to
be normally distributed between the groups and were
homogenous. To determine the difference among

groups, One-Way Analysis of Variance (ANOVA) test
was applied (p <0.05). To compare the differences
between the paired groups, Tukey Multiple
Comparisons test and Bonferroni Correction test was
used (p <0.017). The acute and chronic period findings
of each group were compared using Paired Samples t
test and Wilcoxon Signed Ranks test (p<0.05).

RESULTS

Light Microscope

On histopathological examination of control group, no
oedema or inflammatory cell infiltration was seen at
the neuropil or perivascular region of the hippocampus
and parietal cortex of the brain. However, severe
oedema around vascular structures and deterioration of
typical cellular arrangement with an elevated number
of pyknotic neurons were seen on histopathological
slices of the Sham-A and Sham-C groups. Neuronal
necrosis and perivascular oedema in the PRG-A and
PRG-C groups were observed much more than in

Sham-A and Sham-C groups. (Figure 2, Figure 3).

Figure 2: Figure demonstrates the histopathological microphotographs of hippocampal layers for each group
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Figure 3: Figure shows the histopathological microphotographs of parietal cortex of each group.

CA1
CA2

CA3
Histopathological Examination ) PARIETAL CORTEX

Acute period findings: The necrotic neuron count 1007
results in the CAl, CA2, CA3 areas of the
hippocampus, and the parietal cortex were found to be
different among the groups (X?=11.818, p=0.003; 1
X?=11.681, p=0.003; X?=1.791, p=0.003 and
X?=12.727, p=0.002, respectively) (Table 1, Table 2)

(Figure 4). CONTROL _SHAMA  PREA  SHAMC

Value
3

o [ T

Figure 4: Each bar presents count values of necrotic
and pyknotic neurons at parietal cortex and
hippocampus. (CA: cornu ammonis)
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Table 1: Table demonstrates the necrotic neuron count values and PCR gene expression analysis results of the groups

(CA: Cornu ammonis, HIF: hypoxia-inducible factor, IL: interleukin)

GROUP Variable Minimum Maximum  Mean () / Median  Standard deviation
CONTROL CAl 0 0 0 0.00
CA2 0 0 0 0.00
CA3 0 1 0 0.45
PARIETAL CORTEX 0 1 0 0.45
CASPASE3 0.00 0.12 0.08+ 0.04
HIF1 0.98 2.27 1.74 0.52
IL6 0.00 0.85 0.11 0.38
IL10 0.00 0.00 0.00 0.00
SHAM-A CA1l 15 36 17 8.79
CA2 16 24 19 3.81
CA3 6 24 10 8.32
PARIETAL CORTEX 110 137 125 10.36
CASPASE3 0.01 0.24 0.14+ 0.10
HIF1 0.22 11.18 5.29 4.06
IL6 0.00 0.05 0.03 0.02
IL10 0.00 0.00 0.00 0.00
PRG-A CA1l 33 120 36 37.21
CA2 23 112 30 37.57
CA3 17 110 36 36.57
PARIETAL CORTEX 75 95 88 7.98
CASPASE3 0.00 0.12 0.05+ 0.05
HIF1 0.00 4.22 2.73 1.63
IL6 0.00 0.03 0.02 0.01
IL10 0.00 0.00 0.00 0.00
SHAM-C CAl 17 45 25.80+ 11.08
CA2 12 34 22.40% 8.65
CA3 10 26 17.40% 5.98
PARIETAL CORTEX 106 162 124.20% 22.54
CASPASE3 0.05 0.18 0.13+ 0.05
HIF1 0.04 11.65 4.29 4.74
IL6 0.00 0.00 0.00 0.00
IL10 0.00 0.00 0.00 0.00
PRG-C CAl 22 65 38.80+ 19.41
CA2 13 39 22.80t 11.05
CA3 8 26 15.00% 7.68
PARIETAL CORTEX 128 151 139.20% 9.49
CASPASE3 0.00 0.08 0.03+ 0.03
HIF1 0.00 1.99 0.66 0.81
IL6 0.00 0.01 0.00 0.00
IL10 0.00 0.00 0.00 0.00

(1) Mean Value
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Table 2: Table shows the comparison results of the histopathological and biochemical findings of the groups. One
Way-Analysis of Variance test and Kruskall-Wallis test, p<0.05 (CA: cornu ammonis, HIF: hypoxia-inducible factor,

IL: interleukin, F=F score, X?=Chi-Square score)

Acute stage Chronic stage

Variable F (1) / X? p F(1)/X? p

CAl 11.818 0.003 11.714% 0.002
CA2 11.681 0.003 12.966+ 0.001
CA3 11.791 0.003 13.701+ 0.001
PARIETAL CORTEX 12.727 0.002 145.849+ <0.001
CASPASE-3 2.315% 0.141 6.997% 0.010
HIF1 4.820 0.090 5.049 0.080
IL6 1.460 0.482 7.596 0.022
IL10 0.156 0.925 0.426 0.808

(1) F value

Table 3: Paired group comparison results of the histopathological and biochemical findings of the groups. Tukey
Multiple Comparisons test, Mann-Whitney U test and Bonferroni Correction test, p <0.017 (CA: cornu ammonis, HIF:
hypoxia-inducible factor, IL: interleukin, MD: mean difference, Z: Z score)

Acute stage Chronic stage
Group (1/J) Variable z p MD (1)/Z p
CAl -2.78 0.005 -25.807 0.021
CA2 -2.79 0.005 -22.407 0.002
CA3 -2.69 0.007 -17.20% 0.001
CONTROL /SHAM
PARIETAL CORTEX -2.69 0.007 -124.00% <0.001
CASPASE-3 - - -0.05+% 0.199
IL6 - - -2.62 0.009
CAl -2.78 0.005 -38.807 0.001
CA2 -2.78 0.005 -22.807 0.002
CA3 -2.69 0.007 -14.80% 0.004
CONTROL/ PRG
PARIETAL CORTEX -2.69 0.007 -139.00% <0.001
CASPASE-3 - - 0.05% 0.181
IL6 - - -1.78 0.075
CAl -2.09 0.036 -13.00% 0.286
CA2 -2.00 0.045 -0.40% 0.997
CA3 -2.19 0.028 2.40% 0.782
SHAM/ PRG
PARIETAL CORTEX -2.61 0.009 -15.00% 0.253
CASPASE-3 - - 0.10% 0.007
IL6 - - -0.97 0.332

() Mean difference value
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In the comparison of the paired groups, the necrotic
neuron count values of the hippocampal layers and the
parietal cortex were statistically different between the
Control and Sham-A groups and between the Control
and PRG-A groups (p <0.017) (Table 3). The necrotic
neuron count results of the parietal cortex were
statistically different only between the Sham-A and
PRG-A groups (Z = -2.61, p = 0.009).

Chronic Period Findings: The results of the necrotic
neuron count in the CAl, CA2, CA3areas of the
hippocampus and in the parietal cortex were different
among the groups (F = 11.714, p = 0.002; F = 12.966,
p = 0.001; F = 13.701, p = 0.001 and F = 145.849, p
<0.001, respectively) (Table 1, Table 2) (Figure 4).
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Binary comparison results of the groups showed that
necrotic neuron count values of the hippocampus and
the parietal cortex were different between the Control
and Sham-C groups and between the Control and PRG-
C groups. Between the Sham-C and PRG-C groups, no
statistically significant difference was determined
(Table 3).

PCR Gene Expression Analysis
Acute period findings: Tissue caspase-3, HIF1, IL-6

and IL-10 gene expression level values were not
different among the groups (Table 1, Table 2, Table 3)
(Figure 5).
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Figure 5: Bars represent the tissue caspase-3, HIF1, IL-6 and IL-10 gene expression level values i of both periods

groups. (IL: interleukin, HIF: hypoxia-inducible factor)
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Chronic period findings: The caspase-3 and IL-6 gene
expression levels examined in the cerebral tissues were
found statistically different among the groups (F =
6.997, p = 0.010; X2 = 7.596, p = 0.022) (Table 1 and
2) (Figure 5). In binary comparison of groups, a
significant difference was found in respect of caspase-3
level values between the Sham-C and PRG-C groups
(F = 0.010, p = 0.007) and in respect of IL-6 level
values between the Control and Sham-C groups (Z = -
2.62, p=0.009) statistically (Table 3).

The Comparison Results of the Acute and Chronic

Period Findings for Each Group

In the comparison of the results of the administered
progesterone groups, a difference was determined in
the necrotic neuron count in the parietal cortex (Z=-
2.619, p=0.009). These findings suggested that
progesterone increased the number of necrotic neurons
in the parietal cortex in the chronic period of ischaemic
injury. As a result of the comparison of the findings of
Sham groups, the results of IL-6 gene expression level
were observed to be different (Z = -2.619, p = 0.009)
(Table 4).

Table 4: Table demonstrates the comparison results of the acute period and chronic period findings for each group.

Paired Samples t test and Wilcoxon Signed Ranks test, p <0.05 (CA: cornu ammonis, HIF: hypoxia-inducible factor, IL:

interleukin, t: t score, Z: Z score)

PRG-A/ PRG-C SHAM-A/ SHAM-C
Variable t(1)/z p t(1)/z p
CAl -1.149 0.251 -1.467 0.142
CA2 -1.567 0.117 -0.424 0.671
CA3 -2.193 0.028 -0.838 0.402
PARIETAL CORTEX -2.619 0.009 -0.522 0.602
CASPASE-3 -0.323% 0.746 0.154+ 0.881
HIF1 -1.798 0.072 0.522 0.602
IL6 -1.798 0.072 -2.619 0.009
IL10 -0.108 0.914 -0.471 0.638
(1) t value

DISCUSSION

Alkayed et al reported that ovariectomized female rats
had infarct of the same dimensions as that of male rats.
With this result, it was thought that the protection of
nerve tissue in females was most probably due to
estrogen, originating from an activity of female sex
steroids. At the end of the study, it was thought that
female animals with normal hormone levels

experienced higher tissue perfusion during ischaemia.

It was suggested that after ischaemic brain damage in
female rats, more positive results were obtained
because of the probable neuroprotective and blood flow
protective effects of estrogen (6). Moreover, Murphy et
al reported that in ovariectomized female rats,
progesterone treatment exogenously administered in
the range of physiological and supraphysiological peak
plasma levels could not improve brain damage

following vascular stroke. It was stated in this study
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that chronic hormone exposure at high doses could
even worsen the infarct volume. Thus, with these
findings, they suggested that it had no neuroprotective
effect to the ischaemic brain of the female rat when a
single dose of progesterone was applied and there was
a harmful effect of exogenous steroid in experimental
stroke associated with dose or length of exposure. In
addition, they reported that only chronic dose
progesterone application caused striatal damage and
therefore the duration of exposure could be important,
and peak steroid levels were also stated to be important
(7). Additionally, in a study by Coomber et al, there
was neither a beneficial nor a harmful effect on the
damage formed after focal cerebral ischaemia with the
administration of progesterone alone at physiological
doses. It was concluded that progesterone at
physiological doses administered continuously before
cerebral ischaemia in previously ovariectomized
female rats was neither benficial nor harmful (8). In
support of those findings, in a study by Wong et al it
was stated that although progesterone could reduce the
volume of the ischaemic lesion in adult ovariectomized
females, the incidence of stroke-related death was
increased. In the emergence of negative effects in these
subjects, it was recommended that the levels of
endogenous hormone reserves should be taken into

consideration (9).

From examination of the histopathological findings of
the present study, the progesterone was seen to have
significantly increased the symptoms of ischaemia in
both the acute and chronic periods compared to healthy
tissue and compared to the sham group where only an
ischemia reperfusion injury was created and no
pharmacological agent was administered. Progesterone
administered in the chronic period in particular was
determined to have increased neuronal necrosis in
ischaemic tissue and especially in the parietal cortex
more than in the acute period. In fact, it was considered
that the progesterone provided no protection to the

neurons in both the hippocampus and the adjacent

parietal cortex in the acute and chronic periods of
cerebral ischaemia/reperfusion injury, and even

increased neuronal death in these brain areas.

It has been generally considered in literature that HIF1
is the important factor of cellular response against to
the hypoxia and it could enhance and promote many
target genes and it can also promote apoptotic cell
death (10). On the other hand, recent studies have
pointed out that neuronal apoptosis can be promoted by
IL-6. Moreover, IL-6 may aggravate the injury of the
brain tissue in the stroke patient, whereas IL-10 can
prevent neuronal apoptosis and promote the repair of
the cells (11-13). It has been demonstrated that
suppression of HIF1 and IL-6 by progesterone early
after hypoxia represents neuroprotective effect (2,14).

When the PCR gene expression findings of this study
were reviewed, it was seen that in the acute and chronic
period of cerebral ischaemia/reperfusion injury,
progesterone seemed to decrease the caspase-3 and
HIF1 levels in the cerebral tissues compared to the
sham group but this finding was not statistically
significant. Furthermore, progesteron did not affect the
IL-10 level values in both periods. Moreover, the
histopathological examination results supported these
findings, and in the light of all these findings, it can be
considered that progesterone has no therapeutic effect
on the cerebral ischaemia reperfusion injury model
created in male rats and it could possibly have

exacerbated the ischaemic injury.

There were some limitations in this study. First, the
further biochemical analyses methods (such as.
Western Blot) and histopathological analysis methods
(such as electron microscopy, immunofluorescent
microscopy immunohistochemistry) that could shed
light on the mechanisms of the effect of progesterone
were not used because of financial restrictions.
Secondly, because the progesterone given at 8 mg/kg at
4 h after ischemia failed to improve the cells and the
cytokines, it is strongly suggested that progesterone at

various doses, administered in various ways (e.g.,
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intrathecal) and at various times should be tested in
future studies. A third limitation was that female and/or
ovariectomized rats where ischaemia/ reperfusion
injury was created were not included in this study, and
therefore the the effects of progesterone obtained from
male rats could not be compared with these groups.
Fourth limitation, the serum oestrogen and
progesterone levels of the animals were not tested
before and after the injury model. Final limitation was
that because of the short study duration, no functional
test was performed to the rats to determine their
neurological deficit level (15). Therefore, it could be
strongly suggested that these functional tests should be

assessed in ongoing experiments.

In conclusion, the results of this study showed that
progesterone did not reduce the effects of ischemia /
reperfusion injury in the male rat brain and could even

increase it.

Conflict of interest: The authors declared no conflict
of interest, including financial or non-financial
competition. Authors are responsible for the content

and writing of the article.

REFERENCES

1. Elijovich L, Chong JY. Current and future use of
intravenous thrombolysis for acute ischemic stroke.
Curr Atherosclerol Rep. 2010;12(5):316-21.

2. lIshrat T, Sayeed I, Atif F, Stein DG. Effects of
progesterone administration on infarct volume and
functional deficits following permanent focal
cerebral ischemia in rats. Brain Res. 2009;1257:94-
101.

3. Espinosa-Garcia C,  Aguilar-Hernandez A,
Cervantes M, Morali G. Effects of progesterone on
neurite growth inhibitors in the hippocampus
following global cerebral ischemia. Brain Res.
2014;1545:23-34.

4. Schumacher M, Robel P, Baulieu EE. Development
and regeneration of the nervous system: a role for
neurosteroids. Dev Neurosci. 1996;18(1-2):6-21.

5. Yousuf S, Atif F, Sayeed I, Tang H, Stein DG.
Progesterone in transient ischemic stroke: a dose-
response  study. Psychopharmacology (Berl).
2014;231(17):3313-23.

6. Alkayed NJ, Harukuni I, Kimes AS, London ED,
Traystman RJ, Hurn PD. Gender-linked brain injury
in experimental stroke. Stroke. 1998;29(1):159-66.

7. Murphy SJ, Traystman RJ, Hurn PD, Duckles SP.
Progesterone exacerbates striatal stroke injury in
progesterone-deficient female animals. Stroke.
2000;31(5):1173-8.

8. Coomber B, Gibson CL. Sustained levels of
progesterone prior to the onset of cerebral ischemia
are not beneficial to female mice. Brain Res.
2010;1361:124-32.

9. Wong R, Renton C, Gibson CL, Murphy SJ,
Kendall DA, Bath PM. Progesterone treatment for
experimental stroke: an individual animal meta-
analysis. J Cereb Blood Flow Metab.
2013;33(9):1362-72.

10. Calvert JW, Cahill J, Yamaguchi-Okada M, Zhang
JH. Oxygen treatment after experimental hypoxia-
ischemia in neonatal rats alters the expression of
HIF-1alpha and its downstream target genes. J Appl
Physiol. 2006;101(3):853-65.

11. Gredal H, Thomsen BB, Boza-Serrano A, Garosi L,
Rusbridge C, Anthony D et al. Interleukin-6 is
increased in plasma and cerebrospinal fluid of
community-dwelling domestic dogs with acute
ischaemic stroke. Neuroreport. 2017;28(3):134-140.

12.Li SJ, Liu W, Wang JL, Zhang Y, Zhao DJ, Wang
TJ et al. The role of TNF-a, IL-6, IL-10, and GDNF
in neuronal apoptosis in neonatal rat with hypoxic-
ischemic encephalopathy. Eur Rev Med Pharmacol
Sci. 2014;18(6):905-9.

KUTFD | 193


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishrat%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19135987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sayeed%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19135987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atif%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19135987
https://www.ncbi.nlm.nih.gov/pubmed/19135987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yousuf%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24752655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atif%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24752655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sayeed%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24752655
https://www.ncbi.nlm.nih.gov/pubmed/24752655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alkayed%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=9445346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harukuni%20I%5BAuthor%5D&cauthor=true&cauthor_uid=9445346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kimes%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=9445346
https://www.ncbi.nlm.nih.gov/pubmed/?term=London%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=9445346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Traystman%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=9445346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurn%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=9445346
https://www.ncbi.nlm.nih.gov/pubmed/9445346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=10797182
https://www.ncbi.nlm.nih.gov/pubmed/?term=Traystman%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=10797182
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurn%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=10797182
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stroke.+2000%3B31%3A1173-1178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coomber%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20850417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibson%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=20850417
https://www.ncbi.nlm.nih.gov/pubmed/?term=brain+research+2010%3B+1361%3A+124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23838830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Renton%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23838830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibson%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=23838830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Journal+of+Cerebral+Blood+Flow+%26+Metabolism+(2013)+33%2C+1362%E2%80%931372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calvert%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=16728520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cahill%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16728520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi-Okada%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16728520
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Appl+Physiol+101%3A+853%E2%80%93865%2C+2006
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Appl+Physiol+101%3A+853%E2%80%93865%2C+2006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gredal%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28079628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomsen%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=28079628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boza-Serrano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28079628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garosi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28079628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rusbridge%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28079628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anthony%20D%5BAuthor%5D&cauthor=true&cauthor_uid=28079628
https://www.ncbi.nlm.nih.gov/pubmed/?term=NeuroReport+2017%2C+28%3A134%E2%80%93140
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24706318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24706318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=24706318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24706318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=24706318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=24706318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=24706318
https://www.ncbi.nlm.nih.gov/pubmed/?term=European+Review+for+Medical+and+Pharmacological+Sciences+2014%3B+18%3A+905-909
https://www.ncbi.nlm.nih.gov/pubmed/?term=European+Review+for+Medical+and+Pharmacological+Sciences+2014%3B+18%3A+905-909

Ogden M et al.
Progesterone Worsens Stroke in Male Rats

KU Tip Fak Derg 2019;21(2):183-194
Do0i:10.24938/kutfd.531788

13.Waje-Andreassen U, Krakenes J, Ulvestad E,
Thomassen L, Myhr KM, Aarseth J et al. IL-6: an
early marker for outcome in acute ischemic stroke.
Acta Neurol Scand. 2005;111(6):360-5.

14.Habib P, Dang J, Slowik A, Victor M, Beyer C.
Hypoxia-induced gene expression of aquaporin-4,
cyclooxygenase-2 and hypoxia-inducible factor 1a
in rat cortical astroglia is inhibited by 17p-estradiol
and progesterone. Neuroendocrinology. 2014;99(3-
4):156-67.

15. Mohamed RA, Agha AM, Nassar NN. SCH58261
the selective adenosine A (2A) receptor blocker
modulates ischemia reperfusion injury following
bilateral carotid occlusion: role of inflammatory
mediators. Neurochem Res. 2012;37(3):538-47.

KUTFD | 194


https://www.ncbi.nlm.nih.gov/pubmed/?term=Waje-Andreassen%20U%5BAuthor%5D&cauthor=true&cauthor_uid=15876336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kr%C3%A5kenes%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15876336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ulvestad%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15876336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomassen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15876336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Myhr%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=15876336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aarseth%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15876336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Acta+Neurol+Scand+2005%3A+111%3A+360%E2%80%93365
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neuroendocrinology+2014%3B99%3A156%E2%80%93167
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohamed%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22071908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agha%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22071908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nassar%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=22071908
https://www.ncbi.nlm.nih.gov/pubmed/22071908

