Hemodynamic study in cerebral ischaemia-reperfusion injury

Figure 2. The brain injury of CIRI. A, B: Infarct volume between the sham
group and the CIRI group at the 7th day and the statistics (**p<0.01). C, D:
Neurobehavioral scores described. The score of each rat in the sham group
and CIRI group before MCAO was 0. At the 7th day, the score of each rat in
the sham group was also 0. However, the scores of the rat in the CIRI group
were 2 points for 2 rats, 3 points for 4 rats, 4 points for 6 rats and 7 points
for 3 rats. Statistical analysis of scores between two groups at the 7th day

(**p<0.01).

given to the rats, when the nylon monofilament
was inserted into the middle cerebral artery,
and the blood flow value was recorded again.
After 90 minutes, the nylon monofilament was
removed, and the blood flow after reperfusion
was also recorded.

The determination of hemiplegia in rats [31]

Severity of hemiplegia caused by the right
MCAO can be evaluated based on the Rogers
method [31]. The score was divided into O-7
points. A O point score indicated no hemiplegia.
The higher the score, the more serious the
hemiplegia. Most rats scored 3-4 points at 7
days after MCAO injury.

2,3,5-triphenyltetrazolium chloride (TTC) was
used to observe the infarction volume [32]

At 7 days after MCAO, rat brain tissues were
obtained and then stained with 2% TTC perfu-
sion after the hemiplegia assessment. Six coro-
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nal slices of 2 mm thickness
were cut and captured. Under
normal circumstances, normal
brain tissue is bright red, while
the infarct tissue is white.

Culture of rBMECs

rBMECs were cultured accord-
ing to the relevant literature
[33, 34]. The brain tissues of
Sprague-Dawley (SD) rats (50-
60 g) were cut, homogenized
and extracted over an 80 me-
sh screen. Cells were isolated
and purified with collagenase
digestion. At last, cells were
cultured in high glucose DMEM
medium of 20% FBS.

Identification of rBMECs
angiogenesis with tube-form
test [35]

The culture plate was pre-co-
ated with Matrigel (BD Biosci-
ences) at 37°C for 30 min.
Cells were suspended in high
glucose DMEM medium and
incubated in the culture plate
and underwent tube formation
after 18 h.

OGD and LS intervention

The OGD model was adopted for cell ischaemia
intervention [23]. The cells were cultured in the
parallel-plate flow chamber [24]. Sugar-free cul-
ture DMEM medium liquid with 5% CO, and
95% N, gas was used to provide shear stress
during the OGD period of 4-6 hours and the LS
force was 0.8 + 0.05 dynes/cm?.

Annexin V-FITC/PI apoptosis analysis [27]

Cultured cells were dyed with Annexin V-FITC
and Pl at room temperature for 15 min, and
flow cytometry was used to detect the sta-
ining.

Hoechst 33258 apoptosis analysis [28]

Cultured cells were dyed with Hoechst 33258
at 4°C for 30 min, and a fluorescence micro-
scope was used to detect the staining.

Int J Clin Exp Med 2018;11(4):3264-3272



Hemodynamic study in cerebral ischaemia-reperfusion injury

Figure 3. Characterization of rBMECs. A: The primary cells formed a monolayer at the 14th day (100x). B: Apoptotic
cells shrinkage (100x%). C: The cells cultured on Matrigel formed a tube shape (400x).

Western blot

After extraction of total protein, the protein was
incubated with first and two resistances suc-
cessively after electrophoresis and transfer
membrane. The proteins of Tie-2 and caspas-
es-3 were detected on the SDS-PAGE gel with
the bioautography technique. The reference
protein was B-actin.

Statistical analysis

Data were evaluated with a SPSS 20.0 statisti-
cal package. ANOVA was used to determine dif-
ferences among the groups. P<0.05 was con-
sidered statistically significant.

Results
Cerebral blood flow changes during CIRI in rats

A model of CIRI was induced by middle cerebral
artery occlusion (MCAQ) [29] with an intralumi-
nal nylon monofilament to block the middle
cerebral blood vessel and reperfusion by
removing the monofilament in rats. The probe
of the Laser Doppler flowmetry system [30]
(PriFlux System 5000, PerimedAB company)
was fixed on the surface of the rat brain motor
cortex to record the blood flow. As shown in
Figure 1, when the monofilament was inserted
into the middle cerebral artery (Figure 1B),
blood flow fell sharply and stabilized at approxi-
mately 10%-20% of the original volume. After
90 minutes, the monofilament was removed,
and blood flow increased rapidly (Figure 1C).
Blood flow during the stable period did not
return to the original levels and only reached
approximately 70%-90% of the original levels.
Our test confirmed that the reperfusion flow
was lower than the normal level before MCAO.
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Pathological and behavioural effects of CIRI in
rats

The brain injury was stable for 7 days after
MCAO. The Rogers method (0-7 scores) was
used to assess neural function. The results
showed that 15 rats had no action defects and
hemiplegia in the CIRI group, and the score of
each mouse was 0 before MCAO. However, 7
days after CIRI, there was significant hemiple-
gia, with a statistically significant difference
(P<0.01) between the CIRI and sham groups
(Figure 2C, 2D). We also detected cerebral
infarction volume with TTC staining. We saw
that the cerebral infarction was not coloured
after CIRI. Compared with the normal rat brain,
the volume of cerebral infarction was obvious
(p<0.01) (Figure 2A, 2B). The severity of the
brain injury was evident from the behavioural
and anatomical assessments. Thus, With the
occurrence of CIRI, the decrease of blood flow
would lead to pathological and behavioral dam-
ages in rats.

Characterization of rBMECs and the ischaemic
response

The morphological features of rBMECs under
the microscope were polygonal or fusiform with
an irregular arrangement and had a typical pav-
ing stone structure when integrated (Figure
3A). These characteristics are consistent with
previous reports [12, 34, 35]. Cells shrink dur-
ing apoptosis (Figure 3B). The components of
Matrigel were close to the substrate of the
growth environment of endothelial cells, and
the cells seeded on it became tubular [35]. As
shown in Figure 3C, we could see that the endo-
thelial cells cultured on Matrigel had the char-
acteristics of tube formation. Then we had an
anoxic intervention on these active cells. we
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Figure 4. Effect of haemodynamics with Annexin V-FITC/PI staining. A: Cells were incubated with Annexin V-FITC/PI
and analysed by flow cytometry; B: The apoptotic trend between groups (**p<0.01).

used OGD to induce cell apoptosis at different
times. Apoptosis after 2 h of OGD was not obvi-
ous, but it increased significantly at 4-6 h. After
8 h, the cells were almost completely dead and
few were affixed to the culture plate. The most
appropriate LS intervention time was between
4 and 6 hours for following experiment.

Effects of haemodynamics on normal cells
and CIRI cells

We found the recovery level of brain blood flow
in rats was below 90% of the normal level when
reperfusion after CIRI happened (Figure 1). LS
in the microvasculature must be smaller than
1 dynes/cm?[8]. Therefore, in this in vitro ex-
periment, a flow shear stress at the level of
0.8+0.05 dynes/cm? was chosen.

Normal cultured cells (control group/Con group)
were given haemodynamic intervention for 2
hours (LS group), and the shear stress was 0.8
+ 0.05 dynes/cm?. Apoptosis was detected by
Annexin V-FITC/PI flow cytometry and Hoechst
33258 staining. As shown in Figures 4 and 5,
there was no statistically significant difference
in apoptosis under the action of flow force.
OGD was used to simulate ischaemia for a total
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of 6 hours (Ischaemia group). At the same ti-
me, the cells were given haemodynamic inter-
vention for 2 hours after 4-6 hours of OGD
(Ischaemia + LS group/CIRI group), and the
force was 0.8 + 0.05 dynes/cm?. The interven-
tion liquid had no oxygen, glucose or other
nutrients to ensure that the haemodynamics
was the only intervening factor during CIRI.
Apoptosis as detected by Annexin V-FITC/PI
and Hoechst 33258 is shown in Figures 4 and
5. The apoptosis rate in the Ischaemia + LS
group was decreased (P<0.05) compared with
the Ischaemia group. These data suggest that
haemodynamics might play a protective role in
CIRI.

Effects of haemodynamics on protein expres-
sion

The cell’s intervention is consistent with previ-
ous. We detected protein expression during
apoptosis. As shown in Figure 6, compared
with the Ischaemia group, the expression of
Tie-2 increased, and the expression of Cas-
pase-3 decreased in the Ischaemia + LS group
(P<0.05). Caspase-3 is an important factor in
the apoptotic pathway, and its downregulation
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10-70 dynes/cm? in the artery
system [8]. Therefore, LS in
microvasculature must be sm-
aller than 1 dynes/cm? in the
vein system. In this work, we
found that the recovery level of
42KD blood flow in rat brain was
below 90% when reperfusion

occurred in CIRI. This might

be related to the self-regulato-

ry function of blood vessels.

* When CIRI occurred, even th-
ough the blocked thrombus
was effectively cleared at an
early stage, the regulatory fun-
ction of the impaired vessels
could not recover instanta-
neously. The normal blood su-
pply was also not restored for

Figure 6. The statistics between groups about Tie-2 and Caspase-3 protein

expressions by western blot (*p<0.05).

is an important marker of anti-apoptosis. Tie-2
in the cell membrane of endothelial cells is
greatly influenced by haemodynamics. The
upregulation of Tie-2 induced some mecha-
nisms and ultimately affect cell apoptosis.

Discussion

In this study, we found that reperfusion of ce-
rebral blood flow could only reach approximate-
ly 70%-90% of the normal levels. LS could
reduce the apoptosis of rBMECs resulting from
CIRI. This effect was associated with activation
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N a long time, and even the bl-
L ood flow volume decreased
progressively [6, 36].

The transformation of mechan-

ical force into chemical signals
is the only mechanism of haemodynamic trans-
mission [8, 37]. The function of LS also fol-
lows this principle. Studies indicated that LS
activated the sensitive factors on the cells
membrane at first and then activated intracel-
lular genes and proteins through signal trans-
duction chains, and altered the structure and
function of the nucleus, mitochondria, endo-
plasmic reticulum and even the whole cell [9,
11, 38]. If the signal transduction pathways
were blocked, mechanical signals would never
be translated [39]. Previous studies also indi-
cated that mechanical signal transduction pos-
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