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BACKGROUND: Stroke is the second most cause of death in the world. There are several treatments but they often
end up with disabilities. Recently, cell therapy has become a new hope as an alternative treatment as it could improve
the patients neurological deficits and daily living activities. Cord blood mononuclear cells (CB-MNCs) are one of the
cell therapies for post-ischemic neurogenesis by intravenous or intra-arterial administration; however, it is not clear
which one is better.
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AIM: This study aims to compare the effects of intra-arterial and intravenous administration of human CB-MNC on
cortical neurogenesis of rat brain after ischemic stroke.

METHODS: Twenty-four rats were divided into four groups, that is, control, middle cerebral artery obstruction
(MCAO) without treatment, MCAO with intra-arterial CB-MNC injection (MCAO-IA), and MCAOQO with intravenous
CB-MNC injection (MCAO-IV). Two weeks after injection, all rats were sacrificed, the brain was harvested,
histologically process and stained with hematoxylin eosin (HE) to determine cellular and tissue morphology changes,
and immunohistochemical staining, anti-NeuN antibody to determine the number of cortical neurons. The HE showed
that MCAO rat brain had gliosis and shrunken cells.

RESULTS: The results showed that MCAO-IA and MCAO-IV had fewer areas of gliosis and shrunken cells when
compared to the MCAO group. The number of neurons also showed an increase. However, there was no difference
between the MCAO-IA and MCAO-IV groups. It was concluded both of them could improve neurogenesis.

CONCLUSION: CB-MNC administration can be an alternative for stroke ischemic therapy because it is proven to
increase neurogenesis and reduce gliosis areas. However, there was no difference in neurogenesis in the brain
tissue of mice injected with CB-MNC intravenously or intra-arterially.

Introduction

Stroke is that the second leading reason behind
death and therefore the third leading explanation for
disability worldwide. Globally, 70% of strokes and 87%
of both stroke-related deaths and disability-adjusted
life years occur in low- and middle-income countries.
Over the past four decades, stroke incidence in these
countries has over doubled [1]. According to the World
Stroke Organization, there are over 13.7 million new
strokes each year. Globally, one in four people over
age 25 will have a stroke in their lifetime [2]. The World
Health Organization reported that cerebrovascular
diseases (stroke) accounted for 5.5 million deaths
worldwide, equivalent to 9.6 % of all deaths [3]. Stroke
estimated to affect one for every six people worldwide
with a mortality rate as high as one per 20 deaths with

most of the death occurred in developing countries, and
ischemic stroke was the most common type [4].

Stroke therapy strategies have been developed
with two main objectives, namely, restoration of brain
flow and minimizing the effects of neuronal damage
due to ischemia. Research on stroke therapy over the
past 20 years has witnessed significant therapeutic
advances in the form of mechanical thrombectomy,
antiplatelet agents, carotid endarterectomy,
thrombolytics, anticoagulant therapy, neuroprotective
agents, and treatment of associated risk factors such
as dyslipidemia, hypertension, and diabetes. However,
studies regarding the effective administration of
neuroprotectants and current therapeutic protocols
remain suboptimal. In recent years, several researchers
have been working hard to look for neuroprotective
agents in the acute stroke phase and for drugs to repair
neurons in the chronic stroke phase [5]. However, in
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some developed countries, only a small proportion of
stroke patients receive therapy [6] and many stroke
patients, even though they have been treated, still
leave sequelae [7]. Kumar et al. stated that nearly 50%
of stroke sufferers experience sequelae [8].

In therapy for ischemic stroke we need invasive
therapies without clinical sequelae, thus cell-based
therapy has emerged as a new approach to reduce
neurological deficits and enhance recovery after stroke.
The use of umbilical cord blood mononuclear cells
(MNCs) is one of the better alternative cell therapies
compared to common and frequently used cell therapy
such as stem cells derived from bone marrow [9]. MNC
cord blood is more promising because it has greater
viability, has low immunogenicity, and has a lower risk
for the occurrence of disease transmission [10]. Human
cord blood mononuclear cells (CB-MNCs) are rich in
progenitor cells and contain numerous endothelial
cell precursors. This CB-MNC also contains CD34+
which shows an increase in angiogenesis in the
penumbral tissue after transplanted CD34+ cells, either
systemically or intracerebral [11].

The route of administration has been major
concern in cell therapy for neurological disease. The
route of administration of cells selected for therapy
is the key to migration and the final destination of the
transplanted cells. Many studies have been conducted
to show the effectiveness of cell-based therapy by
differentiating the route (intra-arterial/lA, intravenous/
IV, and intraparenchymal/IP) with the result that intra-
arterially was more superior and safer compared with
the other routes. This hypothesis arises because IA
route showed that larger amount of injected cells
entered the site of injury compared to the IV route. In
the IV route, the cells have higher possibility to enterapt
in the lung and in heart, liver, and spleen as they must
pass through peripheral organs; consequently, the cell
amount will be less in the injury site [12], [13]. Actually,
route on intra-arterial administration will also pass
through several peripheral organs, but a litle more
delivery of these cells to the brain. Animal studies
have shown that there is greater cell implantation in
IA transmission to ischemic tissue compared with 1V
distributions of similar concentrations [14]. However, IV
administration has an advantage because of its wide
distribution and easy access to the administration.

Recently, an open-label prospective human
study demonstrated safety and feasibility with IV
mononuclear cell infusion in 10 patients with acute
stroke [15]. No effect of human CB-MNC implantation
in decreasing infarct area and safety of xenogenic
was confirmed by study through IV and IA for brain
ischemia in rats [16]. It is not known which one is
more effective, IV or IA implantation, in post-stroke
brain tissue repair. Therefore, the effectiveness
of MNC administration and biological changes in
brain tissue needs to be seen and explored more.
Recent study was an experimental research to see

neurogenesis in the brain tissue of acute to subacute
ischemic stroke rat.

Methods

This experimental study used an ischemic
stroke rat (middle cerebral artery occlusion, n = 24).
The animals were divided into four groups with six
rats in each group: Normal (control), stroke (MCAO+IA
Placebo, NaCl 300 upl), stroke with IA CB-MNC
administration (MCAO-IA), and stroke with IV CB-MNC
administration (MCAO-IV). The Wistar rats (male,
10 weeks, 200-250 g) were provided from National
Institute of Health Research and Development. The rats
were housed in a constant temperature, under a 12 h
dark/light cycle and supplied with laboratory chow and
water ad libitum. The research has been approved by
the Research Ethics Committee of Faculty of Medicine
Universitas Indonesia No. 548/UN2.F1/ETIK/V/2017.

Ischemic stroke induction

The induction followed the Koizumi’s method,
that is, middle cerebral artery occlusion (MCAO). The
rats were anesthetized with ketamine and xylazine in
1:1 ratio. The common carotid artery was permanently
tied using 3.0 nylon thread and threaded £ 5 cm through
the left side internal carotid artery. After being tied, the
rat’s neck skin was sewn back.

Cell transplant

One week after the induction, the treatment
groups or rats were injected with 300,000 cells/rat
(1 x 10%/kg body weight) in 300 pl NaCl of CD34+human
CB-MNC (the cells from the isolation of umbilical cord
blood samples from donor cryopreservation by PT.
Cellsafe International and Stem cell medical technology
integrated research unit Cipto Mangunkusumo Hospital,
Jakarta) intravenously (through vein of the tail) and intra-
arterially (through contralateral common carotid artery).
The MCAO group received 300 ul NaCl intra-arterially.

Brain tissue collection

All groups were decapitated at the 14" day.
Before being sacrificed, rats were anesthetized using
intraperitoneal injection of ketamine (25 mg/kg) and
xylazine (15 mg/kg). A small craniectomy was performed
over the right fissure with intermediate cerebral artery
branching. After that, the brain was collected, cut 4 mm
in front of the bregma area (to view the cortical area;
Figure 1) and fixed in formalin solution for 24 h. The
organs were then embedded in paraffin and cut into
5 um thick.
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Figure 1: lllustration of the brain serial section. Pieces number 1, 3,
and 5 for hematoxylin-eosin staining, pieces number 2, 4, and 6 for
anti-NeuN antibody immunostaining. B: Bregma

Hematoxylin-eosin (HE) staining

As a routine dyeing method, the tissue was
heated on a slide warmer at 56°C for 30-45 min. The
tissues were deparaffinized 3 times in xylol solution for
5 min, rehydrated using serial decreased of alcohol
concentrations (absolute ethanol, ethanol 96%, ethanol
80%, and ethanol 70%; 5 min each), and stained with
hematoxylin and eosin. After staining, the tissue was
dehydrated with serial increased alcohol concentration
(ethanol 70%, ethanol 80%, ethanol 90%, and absolute
ethanol; 5 min each), cleared by immersing them
3 times in xylol solution for 5 min. At the end, the tissue
was mounted with entellan and covered by cover glass.

Immunostaining

Anti-NeuN antibody (1:500, ab 177487, rabbit,
Abcam) was used to stain the nuclei of the neuron.
The tissue was deparaffinized using xylol for 30 min
and rehydrated using serial decrease of alcohol
concentration. The tissues were blocked with 3%
H,O,/methanol and incubated in 95°C of Tris EDTA for
45 min. After that, they were cooled and washed with
Tween 20 in PBS. The staining was performed with
a 1:500 diluted with crystal clear dilution, incubated
overnight at 4°C, and washed with Tween 20 in PBS.
Histofine Nichirei was given as secondary antibody for
30 min, followed by incubation in DAB chromogen for
1 min, counterstained with hematoxylin, and bluing with
lithium carbonate.

Observation and data analysis

Histological observation was done using Nikon
Corporation microscope, Nikon Eclipse TE-2000U,
Tokyo, Japan. At x20 objective lens, HE imaging can
see general picture of gliosis and shrunken cells. At a
magnification of the objective lens x40 for each large
field of view, the ratio of dead cells to the total number
of cells consisting of healthy cells and shrunken cells is
calculated and calculates the area of gliosis using the
image raster application. Observations were made in

five broad and consistent perspectives in each sample
group when we calculate the mean value (in one sample
group, there were three stocks). All parameters were
tested one-way ANOVA because they were normal
and homogeneous data. After each using ANOVA,
if p < 0.05, the post hoc LSD test was performed to
determine which group was significantly different.

Results

In HE staining, glial cells, astrocytes, and
neurons were not easy to differentiate; however, we
could see the morphological differences of the cells
between groups (Figure 2a, b, d, e, g, h, j, k). Control
group (healthy group), there was difference between
the nucleus and cytoplasm of neuron cells. In the
MCAO group, the nucleus and cytoplasm were not
easy to differentiate; the cells were high density and
depreciated. In MCAO group, the cells had diffuse
eosinophilia, which were beginning to cytoplasmic
shrink and intense eosinophilia accompanied by
shrinkage. In MCAO group, brain tissue necrosis was
represented by necrotic condensed (pyknotic) nuclei of
glial cells.

There was a cells mass formation known as
gliosis. In the treatment groups, dead cells and gliosis
were still visible, but there was an improvement in cell
morphology. Number of dead cells and gliosis area
were significantly decreased in the treatment groups
compared to the MCAO group (Figures 2 and 3a-c).

With the specific neuron immunohistochemistry
staining (Figure 2c¢, f, i, I), brown neurons appear to be
mature and appear to be a meaningful comparison of the
number of neurons in the stroke group and the normal
group and IV and IA therapy. For neurons that are not
yet mature, they will not be colored. Therapy groups IV
and IA showed that there was no significant difference
in the number of mature neurons. Comparison in the
number of neurons (Figure 3c), there appears more in
the number of mature neurons in the IA (MCAO-IA = 52)
therapy group when compared to IV (MCAO-IV = 50).

Discussion

Our result showed that there was a significant
decrease of cells death ratio between MCAO group
and therapy group (MCAO-IA and MCAO-IV), which
implied that CB-MNC could prevent the progressivity
of cortical cells death. The presence of cell and tissue
hypoxia leads to several mechanisms, the excitotoxicity
of neurotransmitters (glutamate and aspartate),
ion imbalances, and oxidative stress. These three
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Figure 2: Photomicrograph of cortex area of the brain stained with hematoxylin-eosin and anti-NeuN antibody. (a) HE imaging at x200 and
(b) x400. (c) Anti-NeuN antibody stain x400. (a-c) Control group, this image showed figure of a cell that can still be distinguished between
the nucleus and the cytoplasm and the IHC showed figure of a mature neuron. (d) HE imaging MCAO group with x200 and (e) x400. This
image showed a circular area of gliosis and the dead cell with pyknotic stage. For a clearer picture, the areas of gliosis (dash circle) and dead
cells (black arrow) are shown in figure (m). (f) The IHC description of the MCAO group. This figure showed that the number of mature neurons
is less when compared to the control group. For a clearer picture, the mature neuron is shown in figure (n). Figure (n) showed that the mature
neurons were brown and glial cell or immature neuron was blue. (g and j) The MCAO HE imaging group with IA and 1V therapy with x200
and (h) and (k) x400. This figure showed that there is still an area of gliosis, but the area was begun to decrease and the number of dead
cells is reduced when compared to the MCAQO group. The control group as positive control using the cerebellum of rat thus displaying NeuN

immunopositive throughout the brain. (i and I) More mature neuron cells compared to the number of neurons in the MCAO group

mechanisms will cause the cell to become necrosis
and apoptosis. Cells showed that necrosis was
characterized by the presence of nuclear pyknosis and
shrunken cells. This research has been proved by Saha
et al., 2019, the administration intravenous CB-MNCs
are present near brain lessons for treatment acute
stroke [17].

This study was found that there were tissue
changes in the form of gliosis in the MCAO group which
was very significant compared to the control group
and therapy group. This happened because gliosis is
caused by excessive activation by glial cells. Research
conducted by Rafael et al., 2016, the proliferation of glial
cells is influenced by several factors including survivin.
Astrocytes release several molecules including pro-
inflammatory cytokines TNF-a, metalloproteinase, and
ROS. Astrocytic cells may contribute to neuroblast
migration with the release of stroma-derived factor-1o.
(SDF-1) and monocyte chemoattractant protein 1 [18].
Boltze et al. suggested that MNCs provide the most
prominent neuroprotective effect, with CD34+ cells
seeming to be particularly involved in the protective
action of MNCs. MNCs promote neuroprotection at
least partly by mechanisms not requiring direct contact

to injured neural cells [19]. This study is supported
by Laterza et al., 2018, that stroke ischemia causes
an inflammatory reaction involving several cellular
components that interact to form scar tissue around the
edge of the ischemia consisting of astrocytes, microglia,
macrophages, and several other components [20].

The presence of gliosis is one of the hypoxic
effects of brain tissue due to ischemic stroke. In the
MCAO-IA and MCAO-IV groups, there was a reduction
in the ratio of dead cells, a reduction in gliosis area and
a significant increase in the number of neurons when
compared to the MCAO group. This is because some of
the cellular components of CB-MNCs assist neurogenesis
in the outer cortex after injury suggesting a potential role
for CB-MNCs. Our research is strengthened by Lin et al.,
2014 [21], which states that giving therapy in the form
of neural stem cells has improved neurogenesis in the
brain of MCAO rats and proved by Galieva et al. [22].
The research showed the positive effect of CB-MNC
transplantation on the migration potential of the stem
cells and the integrity of peripheral myelin.

The intravenous and intra-arterial treatment
groups showed the difference the number of neurons
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Figure 3: Diagram result of observation. (a) The ratio of dead cells
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in the control group (50) and the therapy groups (MCAO-IA = 52;
MCAO-IV = 50) (p < 0.05)
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(MCAO-IA = 52; MCAO-IV = 50). This occurred in the
possibility of a paracrine or autocrine effect. Brain
repair after stroke involves a number of different
interconnected processes. The most common aspects
of brain repair that many types of cell therapies
have consistently been shown to enhance are the
endogenous formation of new neurons (neurogenesis)
in the areas around the infarct [15]. This study was
supported by previous research by Ramli et al., CD34 +
MNC cord blood given not in large quantities because
to see the pluripotent effect of these mononuclear
cells demonstrated to exclude angiogenesis and
neurogenesis factors including vascular endothelial
growth factor (VEGF), nerve growth factor (NGF), and

IGF-1, thrombopoetin17, IL-11, and cytokines that are
important for the resistance and differentiation of neural
progenitor cells with the potential for neurogenesis [16].
This explanation allows for the improvement of
neuronal cells in stroke ischemic animals treated with
human umbilical CB-MNC, although it does not see the
differentiation of transplanted cells [23].

The subgranular zone of hippocampus dentate
gyrus and the subventricular zone of the lateral ventricle
are primary sources of neurogenesis in adult mammals.
In stroke, there will be a signal in the neurogenic niche
by modulation of neural precursor cells proliferation,
differentiation, migration, and neuron resistance. Post-
ischemic neurogenesis is seen in the hippocampal
CA1 and cortical area [24]. This statement is consistent
with our study of the significant increase in the number
of neurons between the stroke group and treatment
groups (MCAO = 29; MCAO-IA = 52; MCAO-IV = 50)
(p < 0.05). However, this study has not been able to
prove the effect of CB-MNC as therapeutic cells.

A study conducted by Taguchi et al. [25]
showed that cortical function and neoangiogenesis
were better after treatment with CD34+ cells. CB-MNCs
mechanisms in stroke may exert a neuroprotective
effect. This is proven by in vitro studies, it can protect
against glutamate-induced apoptosis by activating the
Akt signaling pathway and protects from free radicals.
There are several transcription factors expressed by
CB-MNCs such as brain-derived neurotropic factor
(BDNF), glial cell line-derived neurotrophic factor, NGF,
neurotrophin (NT-3), and NT-5 in greater amounts than
MNC of peripheral blood. VEGF, BDNF, NT-4, NT-5, and
some cytokines and chemokines were suspected to be
detected in MNC cord blood supernatant cultures [25].
A study conducted by Rodrigues et al. regarding
CB-MNCs transplantation on spinal trauma showed
that MNC could improve its function by secreting
thrombopoietin and IL-11, a cytokine that is important for
neuronal progenitor cell resistance, although there is no
differentiation in transplant cells [24]. This is reinforced
by Park et al. research that stem cell transplantation
led to functional enhancement without differentiation
into neurons or astrocytes, which results equally in this
study that decreased the gliosis area and increased the
number of neurons.

It is known that at the time of stroke, the brain
cells are unable to regenerate; however, several studies
have shown that neurons and astrocytes can regenerate
from isolated cells from the mammalian central nervous
system and regeneration is indicated in the hippocampus
and SVZ areas of the adult human brain. The presence of
neurogenesis in penumbra ischemia of stroke patients is
localized in the area around the blood vessels. However,
the neuron replacement capacity of the adult central
nervous system is very low, with an estimated 10% of the
number of missing neurons. Several factors can increase
neurogenesis by stimulating or increasing the resistance
of new neurons such as erythropoietin, BDNF, EGF, VEGF,

Open Access Maced J Med Sci. 2021 Nov 23; 9(A):1245-1251.

1249



A - Basic Sciences

Histology

and several other growth factors that can help stroke
healing [26], [27]. VEGF can increase the regeneration
of new neurons in two areas of neuron formation: Gyrus
dentate hippocampus and SVZ. VEGF also plays an
important role in the plasticity of neurons. VEGF also plays
an important role in the plasticity of neurons, while BDNF
has a role to reduce the death of neurons with activation
of extracellular signal pathways associated with protein
kinase. Moreover, BDNF also affects neurogenesis by
increasing the regenerative endogenous neurons in the
brain and increasing the plasticity of neurons in stroke [26].

Savitz shows that intravenous administration
of certain doses has a reduced amount when entering
brain tissue because capillaries in the brain are smaller
and many are trapped in lung tissue [15]. Therefore, the
authors wish to prove that the intra-arterial administration
of mononuclear cells is an alternative route. We expect
with a dose of 1x10° to be injected through the internal
carotid artery collaterally which is expected with the
same dose into the brain tissue that has infarction.
To this end, intravenous and intra-arterial CB-MNCs
therapy provides a neurological improvement in the
cortical tissue of the brain of experimental animals.

Conclusion

From this research, it is evident that CB-MNC
administration can be an alternative for stroke ischemic
therapy because it is proven to increase neurogenesis
and reduce gliosis areas. However, there was no
difference in neurogenesis in the brain tissue of mice
injected with CB-MNC intravenously or intra-arterially.

The limitation in my research is that it does
not compare ischemic stroke on day 14 or after
(chronic period) so that intravenous and intra-arterial
administration charts have the same effect, even
though intra-arterial administration has a better effect
when compared to intravenous administration.
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