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Effect of miRs-17/20 on vasospasm in
subarachnoid hemorrhage model of rats

miR-17/20’nin Siganlarin Subaraknoid Kanama Modelinde Gelisen Vazospazm Uzerine Etkisi
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ABSTRACT

Aim: To investigate the effects of melatonin and miRNA-17/20 administration
on vasospasm and vascular damage on the bacillary artery in the Subarachnoid
hemorrhage (SAH) model of rats.

Methods: Rats were divided into 6 groups: Sham, SAH, SAH+NegmiRNA,
SAH+MEL, SAH-miRs-17/20 group, SAH+MEL+miRs-17/20. For creating the
SAH model the skin was cut with a vertical incision in the anterior region of the
head.120 pL of fresh non-heparinized autologous arterial blood collected from the
tail artery was injected into the prechiasmatic cistern under aseptic conditions. Al
steps in the Sham were the same as in the SAH group, except for blood injection.
In the SAH+NegmiRs-17/20, miRs-17/20 miRNA Mimic-Negative Control#1 was
administered 1 hour after SAH operation. In the SAH+MEL,10 mg/kg melatonin
was administered intraperitoneally 1 hour after the SAH operation. In the SAH-
miRs-17/20, mimic-miR-17 and mimic-miR-20 were given intranasally 1 hour after
the SAH operation. In the SAH+MEL+miRs-17/20,intranasal mimic-miR-17 and
intraperitoneal melatonin were administered 1 hour after the SAH operation. Brain
samples, including the bacillary artery, were taken and subjected to routine tissue
processing procedures. Vessel samples were evaluated and graded in histological
sections stained with the H-E method in terms of vasospasm, edema in the tunica
media, and folding of the lamina elastica interna.

Results: The co-administration of melatonin and miRs-17/20 reduced the vasospasm
and edema formation in the vessel wall. It has also been demonstrated that the
application of miRs-17/20 after SAH alone reduces the development of edema in the
vessel wall and folding of the internasal lamina elastica due to vasospasm.
Conclusion: It has been shown that miRs-17/20 can reduce vasospasm in the
vessel wall and prevent vessel damage by reducing edema.
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Amag: Mevcut calismamizin amaci, ratlarda olusturulan subaraknoid kanama
(SAH) modelinde melatonin ve miRNA-17/20 uygulamasinin basiller arterde gelisen
vazospazm ve damar hasari (izerine etkisinin aragtirimasidir.

Yontemler: Calismada kullanilan 36 adet sican 6 gruba ayrilmistir; Sham, SAH,
SAH+NegmiRNA, SAH+MEL, SAH-miRs-17/20 group, SAH+MEL+miRs-17/20.
Siganlara anestezi altinda SAH modeli uygulandi. Kafanin 6n bélgesinden dikey bir
kesi ile cilt agilarak kemige ulasildi. Insizyondan sonra, kuyruk arterinden toplanan
120 pL heparinize olmayan taze otolog arteriyel kan aseptik kosullar altinda 10
saniyede yavasca prekiazmatik sisternaya enjekte edildi. Sham grubunda kan
enjeksiyonu disinda tlim basamaklar SAH grubuyla ayniydi. SAH+NegmiRs-17/20
grubunda, miRs-17/20 miRNA Mimic Negative Control#1 SAH operasyonundan 1
saat sonra uygulandi. SAH+MEL grubunda, SAH operasyonundan 1 saat sonra 10
mg/kg melatonin intraperitoneal olarak verildi. SAH-miRs-17/20 grubundaysa SAH
operasyonundan 1 saat sonra intranazal olarak mimic-miR-17 ve mimic-miR-20
verildi. SAH+MEL+miRs-17/20 grubunda, SAH operasyonundan 1 saat sonra
intranazal mimic-miR-17 ile intraperitoneal melatonin (10 mg/kg) uygulandi. Deney
sonunda siganlardan basiller arteri de igeren beyin drnekleri alinip rutin doku takip
islemlerine tabi tutuldu. Sonrasinda H-E yontemi ile boyanan histolojik kesitlerde
damar oOrnekleri vazospazm, tunica mediada 6dem ve lamina elastica internada
kivrimlanma kriterleri agisindan degerlendirilip derecelendirildi.

Bulgular: SAH modeli olusturulan siganlarda, SAH modeli sonrasi melatonin ve
miRs-17/20°nin birlikte uygulanmasinin damar duvarinda olusan vazospazm ve
6dem olusmasini anlamli sekilde azalttigi gosterilmistir. SAH sonrasi miRs-17/20
uygulamasinin da tek basina damar duvarinda ddem gelismesini ve vazospazma
bagli lamina elastica internada kivrimlanmay azalttigi ortaya konmustur.

Sonug: Galismamizda, miRs-17/20°'nin damar duvarinda vazospazmi azaltabilecegi,
6demi de azaltarak damar hasarini énleyebilecedi gosterilmistir.

Anahtar kelimeler: Subaraknoid kanama, microRNA, melatonin, sigan
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INTRODUCTION

S ubarachnoid hemorrhage (SAH) is a
neurological emergency caused by the
extravasation of blood into the subarachnoid
space [1]. It accounts for 5% of all stroke cases
and a headache is the most common symptom in
patients with SAH. In addition, these patients may
have at least one more symptom or finding, such
as nausea, vomiting, neck stiffness, photophobia,
short-term loss of consciousness, or focal
neurological deficit. 74% of patients with SAH
have a headache, 77% have nausea and vomiting,
53% have a short-term loss of consciousness and
35% have neck stiffness [2]. While 10 to 15% of
patients die before reaching the hospital, 30% of
SAH patients who are able to apply to any health
institution die within the following year [3].

The most significant complication after SAH is
vasospasm [4]. The blood accumulating in the
subarachnoid space after SAH causes some
chemical changes, which result in smooth muscle
contraction in the tunica media layer of the vessel
wall and ultimately, pathological narrowing. This
is called vasospasm and it develops within a few
weeks after bleeding [5]. While vasospasm is
concentrated near the bleeding site, it is seen in
varying degrees in adjacent vascular structures
[4]. Vasospasm is thought to be one of the most
important causes of mortality and morbidity in
SAH and while it is seen in 30 or 70% of patients
after SAH, it can increase the risk of ischemia
and infarction up to 36%. Vasospasm due to SAH
also worsens the impaired blood flow, leading to
ischemia [6].

Although the cause of vasospasm developing
after SAH has not been fully understood yet,
complex and multifactorial factors such as
inflammation, altered vascular resistance,
impaired autoregulation, micro thromboembolism
and undeveloped collateral anatomy as well as
genetic effects, are blamed in the etiology [7].
It is thought that spasmogens that occur with
the destruction of thrombocytes and especially
erythrocytes leaking out of the vein after SAH,
cause vasospasm. These spasmogens include
oxyhemoglobin, reactive oxygen species (ROS),
thromboxane-A2 (TxA2), endothelin-1 (ET-1),
angiotensin and catecholamines [7, 8].

MicroRNAs (miRNAs) are a family of small
non-coding RNAs that are important regulators
of gene expression [9]. These molecules are
composed of 21 to 22 nucleotides that regulate
the stability or translational efficiency of targeted
mRNAs [10]. Studies have shown its effects in
many pathological conditions [11-12-13-14].
miRNA-17 and miRNA-20 are miRNAs belonging
to the miRNAs-17-92 group [13]. miRNA-17 and
miRNA-20 appear to play a role in many aspects
of the central nervous system (CNS) [14].

Melatonin is a hormone produced by the pineal
gland and its production occurs in the dark
phase and is acutely suppressed by light [15].
Melatonin is known to have an antioxidant effect
that reduces ROS production in cells. Many
studies have benefited from this therapeutic effect
of melatonin in many pathological conditions,
including neurodegenerative diseases [16]. In
addition, studies are showing that melatonin has
antiapoptotic, anti-inflammatory and antioxidant
effects in the treatment of SAH [17, 18].

Our study aimed to investigate the effects of
melatonin and miRNA-17/20 administration on
vasospasm and vascular damage on the bacillary
artery, in the SAH model created in rats.

MATERIALS AND METHODS
Trial design

The tissues used in this study are the tissues
obtained from the study titled “Examination of
the protective effects of melatonin and miR17/20
administration on acute brain damage in rats with
experimental subarachnoid hemorrhage model”,
which was approved by the Animal Experiments
Local Ethics Committee of Canakkale Onsekiz
Mart University, with the decision number 2019/03-
05. Before the study started, an application was
made to the Animal Experiments Local Ethics
Committee of Canakkale Onsekiz Mart University
and approval was obtained with the number
38285931-604.02.04-E.2000074137 dated
12/06/2020. Animal procedures were performed
according to the “Guide for the [Care and Use of
Laboratory Animals” principles [19].

All steps of the study were conducted at the
Canakkale Onsekiz Mart University Experimental
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Animals Research Center, open for supervision.
In this study, 36 Wistar albino male rats (aged 3-4
months, weight 250-350 grams) were used. The
rats were obtained from the Canakkale Onsekiz
Mart University Experimental Research Center. All
rats were housed in pairs in appropriate cages in
an animal room maintained at a standard humidity
(35%-50%) and temperature of 24+1 °C, with 12
hours of light and 12 hours of darkness, and were
fed with standard food and water ad libitum.

Experimental Groups and Surgical Procedure

The thirty-six (36) rats used in the study were
randomly divided into 6 groups.

Group 1: Sham (n=6)
Group 2: SAH (n=6)

Group 3: SAH+Negative control miRNA group
(SAH+NegmiRNA) (n=6)

Group 4: SAH+Melatonin (SAH+MEL) group(n=6)
Group 5: SAH-miRs-17/20 group (n=6)

Group 6: SAH+MEL+miRs-17/20 group (n=6)
SAH Operation

In our study, the pre-chiasmatic SAH model was
used as previously described in the literature [20].
In animals administered general anesthesia with
intramuscular Ketamine hydrochloride (60 mg/
kg) and xylazine hydrochloride (5 mg/kg), the
skin was opened with a vertical incision in the
anterior region of the head, and the bone was
reached. A 1.5-mm diameter hole was drilled 7.5
mm forward from the bregma and 2 mm to the
right of the sagittal line. By using a 30-degree
posterior sagittal angle, the anterior bone base
was reached 2-3 mm in front of the chiasm. After
the incision, 120 pL of fresh non-heparinized
autologous arterial blood collected from the tail
artery was slowly injected into the pre-chiasmatic
cistern for 10 seconds under aseptic conditions.
Unlike the original model, arterial blood collected
through an open incision from the tail artery was
used instead of tail venous blood. A 30G injector
is used for arterial blood injection: 0,5 mL of blood
was injected. After the surgical procedure was
completed, the hole was closed with bone wax.
In the sham group, the pre-chiasmatic cistern was

entered using a 30G needle tip and after waiting 10
seconds (sec), the injector was removed without
giving any fluid. The process was carried out at
37°C = 0.5°C using a heating pad. In conclusion,
all steps in the Sham group were the same as in
the SAH group, except for blood injection.

In the SAH+NegmiRs-17/20 group, miRs-17/20
miRNA Mimic Negative Control#1 (200 pmol)
was divided equally into both nostrils 1 hour after
the SAH operation. During this application, the
rats were anesthetized with 3% isoflurane. In
the SAH+MEL group, 10 mg/kg melatonin was
administered intraperitoneally 1 hour after the SAH
operation. Mimic-miR-17 (200 pmol) and mimic-
miR-20 (200 pmol) were administered intranasally
to rats in the SAH-miRs-17/20 group 1 hour after
the SAH operation. In the SAH+MEL+miRs-17/20
group, intranasal mimic-miR-17 (200 pmol) and
mimic-miR-20 (200 pmol) and intraperitoneal
melatonin (10 mg/kg) were administered 1 hour
after the SAH operation.

Intranasal miRNA Administration

rno-miR-20b-5p mimic (miR-20)
(miRBase Accession: MIMAT0003211/5
'"CAAAGUGCUCAUAGUGCAGGUAG/
miRVana® miRNA mimic, Thermo Fisher
Scientific, USA), rno-miR-17-1-3p mimic (miR-
17) (miRBase Accession: MIMAT0004710/5
'"ACUGCAGUGAAGGCACUUGUGG/miRVana®
miRNA mimic, Thermo Fisher Scientific), and miRs-
17/20 miRNA Mimic Negative Control #1 (Thermo
Fisher Scientific) were dissolved in nuclease-free
water and 200 pmol doses were prepared. A 10-
pL liquid solution prepared for each miRNA was
applied to the nostril via a soft pipette tip attached
to a micropipette. The solution containing miR-
17 was administered to the left nostril, and the
solution containing miR-20 was administered to
the right nostril. Both miRNAs were obtained and
stored under cold chain conditions throughout the
entire experimental procedure. To prevent nasal
irritation and to obtain sufficient time for the given
fluid to reach the brain, miRNA application was
performed under 3% isoflurane anesthesia. The
rats were kept in the supine position for 3 minutes
after the application.
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Melatonin Preparation and Application

Melatonin (N-acetyl-5-methoxy tryptamine; product
code: M5250-1G; Sigma-Aldrich, St. Louis, MO,
USA) was dissolved in absolute ethanol (Absolute
GR for analysis, MERCK, Germany) and further
diluted in saline to achieve a final concentration of
2.4% (v/v) ethanol. The final solution was injected
IP (10 mg/kg) in rats 1 h after SAH.

Histological Examination

Brain samples, including the bacillary artery,
taken from the animals in the experimental groups
were immediately placed in 10% neutral buffered
formalin for fixation. At the end of the 48-hour
fixation period, the tissues were embedded in
paraffin blocks after routine dehydration and
clearing procedures. Sections of 4 microns
taken from the blocks were subjected to routine
hematoxylin and eosin (H-E) staining. Afterward,
H-E-stained sections were evaluated under a
camera-attached light microscope (Olympus
CX43) and photographs were taken. The
evaluation of the sections was made according
to the criteria of vasospasm, edema in the tunica
media and folding of the lamina elastica interna,
as previously described [21]. Post-assessment
grading was also done as previously stated in the
literature [22]:

no visible change=1,
minimal change=2,
moderate change=3, and
severe change=4 points.
Statistical analysis

The data obtained from the evaluations were
compared using the IBM SPSS Statistics package
program version 25 and the values with p<0.05
were considered significant. The t-test was used
for the independent variables in the comparison of
the groups.

RESULTS

Vessel sections taken from the rats were stained
with H-E and light microscopic evaluation was
performed on the criteria of vasospasm, edema
in the tunica media, and folding of the lamina

elastica interna. According to the evaluation made
for vasospasm criteria: a significant increase was
observed in all groups compared to the Sham
group (The p values for groups 2, 3, 4, 5, and 6
are 0.00, 0.001, 0.008, 0.016, 0.022, respectively).
When the SAH group was compared with the
SAH+NegmiRs group, vasospasm values were
found to be similar (p=0.11). Although the mean
of the SAH+Mel and SAH+miRs-17/20 groups
were lower than the SAH group, no statistically
significant difference was found (p values of
0.111 and 0.065, respectively). A significant
decrease in vasospasm values was observed in
the SAH+Mel+miRs-17/20 group compared to the
SAH group (p=0.001). No significant difference
was found in other group comparisons.

In the evaluation made for assessment of edema
in the tunica media, which is the middle layer
of the vessel wall: significant increases were
observed in the SAH, SAH+NegmiRs, SAH+MEL,
SAH-miRs-17/20 groups compared to the Sham
group (p values were 0.00, 0.00, 0.00, 0.004,
respectively). However, when the Sham group and
the SAH+Mel+miRs-17/20 group were compared,
these two groups were found to be similar
(p=0.111). Significant reductions were observed in
the SAH+miRs-17/20 and SAH+Mel+miRs-17/20
groups compared to the SAH group (p values
0.002 and 0.006, respectively). It was observed
that the amount of edema in the tunica media was
significantly decreased in the SAH+miRs-17/20
and SAH+Mel+miRs-17/20 groups compared to
the SAH+Mel group (p values 0.044 and 0.041,
respectively). No significant difference was found
in other group comparisons.

In the evaluation made according to the folding of
lamina elastica interna (LEI) criteria in the vessel
wall: LEI values were significantly increased
in the SAH group (p=0.00) and SAH+NegmiRs
group (p=0.001) compared to the Sham group.
Results for the Sham group and the SAH+Mel and
SAH+miRs-17/20 groups were similar (p values
0.296 and 0.096, respectively). A significant
increase was found in the SAH+Mel+miRs-17/20
group compared to the Sham group (p=0.007).
LEIl was significantly decreased in the SAH+Mel,
SAH+miRs-17/20, and SAH+Mel+miRs-17/20
groups compared to the SAH group (p values
0.017, 0.049, and 0.03, respectively). When the
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SAH+NegmiRs group was compared with the
SAH+Mel and SAH+Mel+miRs-17/20 groups,
a significant decrease was observed in these
groups compared to the SAH+NegmiRs group
(p values 0.025 and 0.049, respectively). No
significant difference was observed in other group
comparisons.

The light microscopic micrographs belong to
experimental groups can be seen in Figure 1.
Folding of lamina elastica interna of vessel section
from SAH group can be seen in Figure 2. The
mean and the standard deviations of the groups
can be seen in Table 1.

Table 1: The mean values and the standard deviations of the groups

Groups Vasospasm | Edemain the | Folding of
(Mean+SD) | Tunica Media | the Lamina
(MeanSD) Elastica
Interna
(MeanzSD)
Sham (n=6) 0.16+0.40 0.00+0.00 0.33+0.51
SAH (n=6) 2.5+0.54 2.66+0.51 2.33+0.81
SAH+NegmiRNA 1.83+0.71 1.83+0.75 2.16x0.75
(n=6)
SAH+MEL (n=6) 1.66+1.03 2.16x0.75 0.83x0.98
SAH-miRs-17/20 1.50+1.04 1.16x0.75 1.16x0.98
(n=6)
SAH+MEL+ miRs- | 1.000.63 0.83+1.16 1.33+0.51
17/20 (n=6)

Figure 1. Light microscopic micrographs of H-E-stained sections of
experimental groups. A, B, C, D, E, and F belong to Sham, SAH, SAH+
NegmiRNA, SAH+MEL, SAH+miRs-17/20, and SAK+MEL+ miRs-

17/20 groups, respectively. Green arrows mark the vasospasm areas and

blue arrows mark the edema areas in tunica media (Magnification, x100).

Figure 2: Light microscopic micrograph of H-E-stained section of SAH

group. Black arrows mark the folding of lamina elastica interna of the

vessel (Magnification, x400)

DISCUSSION

In our study, histopathological evaluations were
made in rats for which the SAH model was created,
and it was shown that the co-administration of
melatonin and miRs-17/20 after the SAH model,
significantly reduced the vasospasm and related
edema formation in the vessel wall. It was also
demonstrated that the application of miRs-
17/20 after SAH alone reduces the development
of edema in the vessel wall and folding of the
internasal lamina elastica, due to vasospasm.

SAH is a neurological emergency caused by the
extravasation of blood into the subarachnoid space
[1]. Although mortality has decreased in recent
years, its morbidity is still high [23]. Patients often
face permanent disability, cognitive impairment
and mental problems, such as depression and
anxiety [24]. For these reasons, the correct
planning of SAH treatment without delay may be
a factor that increases the patients’ quality of life.

The most important complication after SAH is
vasospasm [4]. The blood accumulating in the
subarachnoid space after SAH causes some
chemical changes in this region. These changes
result in smooth muscle contraction in the vessel
wall and ultimately pathological narrowing. This
is called vasospasm [6] and it develops within a
few weeks after bleeding. While vasospasm is
concentrated near the bleeding site, it is seen in
varying degrees in adjacent vascular structures
[4]. Vasospasm is thought to be one of the most
important causes of mortality and morbidity in SAH.
While it is encountered in 30 to 70% of patients
after SAH, it can increase the risk of ischemia
and infarction up to 36%. This vasospasm, which
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develops because of SAH, worsens the impaired
blood flow and leads to ischemia [6]. As a result,
neuron damage and loss occurs and accordingly,
various complications develop. For these reasons,
the treatment of vasospasm after SAH may be
important in improving the quality of life of patients
with SAH.

Melatonin is a hormone produced by the pineal
gland, its production occurs in the dark phase
and it is acutely suppressed by light [15]. Positive
effects have been shown in the treatment of
many diseases, and studies are showing that
melatonin has antiapoptotic, anti-inflammatory
and antioxidant effects, especially in the treatment
of SAH [25]. Melatonin, which is effective in
the treatment of SAH in previous studies, was
used alone and together with miR-17/20 in our
current study. Accordingly, it was shown that
while melatonin alone causes a decrease in the
histopathological findings seen in SAH, its effect
increases when used together with miR-17/20.

miRNAs are a family of small non-coding RNAs
that are important regulators of gene expression
[9]. 21 to 22 nucleotide molecules that regulate
the stability or translational efficiency of targeted
mRNAs [10]. Studies have shown their effects
in many pathological conditions [11-12-13-14].
miRNA-17 and miRNA-20 are miRNAs belonging
to the miRNAs-17-92 group [13]. miRNA-17 and
miRNA-20 appear to play a role in many conditions
involving the CNS, such as brain and spinal cord
injury [14]. In this study, we investigated the
effect of SAH treatment on reducing vasospasm in
the bacillary artery. It was observed that the mean
vasospasm in the miR-17/20 group was decreased,
compared to the SAH group. When melatonin was
administered in addition to miRs-17/20, significant
improvement was observed compared to the SAH
group. Decreased vasospasm values may cause a
decrease in ischemic brain damage and ultimately
an increase in quality of life after SAH.

Edema in the tunica media, which contains the
muscle layer in the vessel wall after SAH, is an
indicator of vessel damage. In our study, it was
shown that the application of miRs-17/20 reduces
edema developing after SAH. This decrease
was also found to be more significant than the
decrease obtained with melatonin. This result

reveals that miRs-17/20 may have a protective
effect against vascular damage after SAH. If the
edema decreases, the blood flow will increase as
the vessel diameter will be wider, and ischemia
can be prevented.

The lamina elastica interna (LEI) is a thin elastic
membrane located in the vessel wall between the
tunica intima and the tunica media. In vasospasm,
contraction occurs in the tunica media, the muscle
layer in the vessel wall and as a result, folds are
seen in the LEIL. In our study, the LEI values in
the group given miRs-17/20 after SAH were found
to be similar to the Sham group. It was shown
that miRs-17/20 can reduce the contraction of the
vessel wall after SAH.

Limitations

In this study, we could only perform the
histopathological evaluation but not so other
methods, such as immunohistochemical and
biochemical ones. In addition, if radiological
evaluations, such as cerebral arterial angiography,
could be performed, the study’s results may be
sturdier for demonstrating the protective effect of
miR-17/20 on vasospasm. These are our study’s
limitations.

CONCLUSION

miR-17 and miR-20 are miRNAs whose therapeutic
effect is focused on in brain injury models. In this
study, the effects of miRs-17/20 and melatonin
against vasospasm and vascular damage in the
basilar artery in rats with the SAH model, were
investigated. In conclusion, it was shown that
miRs-17/20 can reduce vasospasm in the vessel
wall and prevent vessel damage by reducing
edema.
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