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Combination of Salidroside and hyperbaric oxygen
improves leukoaraiosis through P13K/Akt signaling
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Abstract: Background: Leukoaraiosis (LA) is an abnormal change in appearance of white matter near the lateral
ventricles. It is responsible for changes in memory, cognition and behavior. Salidroside is a drug responsible for the
antidepressant and anxiolytic action. Hyperbaric oxygen therapy involves breathing pure oxygen in a pressurized
room or tube. Thus, in this study the role of combination of Salidroside (Sal) and hyperbaric oxygen (HBO) on cogni-
tive dysfunction in rats with LA was verified. Methods: Bilateral carotid artery of rat was ligated for 2 weeks in order
to establish the model of cerebral ischemia and hypoxia. From the fifteenth days, the animals were given Sal or
HBO or both for 2 weeks. LFB (Luxol fast blue stain) and MBP (myelin basic protein) staining were used to observe
the changes of white matter myelin and oligodendrocytes, TUNEL was used to observe the apoptosis of oligoden-
drocytes and phosphor P13K/Akt signaling was assayed by Western blot. Results: We observed that myelin lesions
as well as the number of apoptotic cells has increased and the proliferation of oligodendrocytes has decreased in
the model group as compared to control group. Salidroside significantly alleviated the myelin and oligodendrocytes
lesions and HBO inhibit the apoptosis of oligodendrocytes. Combination Sal and HBO had better effects on my-
elin and oligodendrocytes through promoting P13K/Akt (phosphoinositide-3 kinase) signaling pathway. Conclusion:
Combination of Sal and HBO contributes to improvement of demyelination and survival of oligodendrocytes through
P13K/Akt signaling.
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Introduction dal signs. There is no effective therapy for LA till
now so it has become challenging issue for the

Leukoaraiosis (LA) is a disease of cerebral prevention and treatment of LA. Therefore, pre-

white matter. It often occurs in old age but
sometimes in young adults. Pathological stud-
ies have shown that LA lesions are mainly
caused by loss and deformation of the myelin
sheath in white matter. In addition to this, LA is
also caused by ischemia, micro-hemorrhages,
gliosis, damage to small blood vessel walls,
breaches of the barrier between the cerebro-
spinal fluid and the brain. Leukoaraiosis
appears on CT as hypodense periventricular
white-matter lesions and on MRI as white mat-
ter hyperintensities [1, 2]. Studies have shown
that LA is a biomedical marker for brain aging
and is closely related to Alzheimer [3-5].
Leukoaraiosis in Alzheimer’s disease may pro-
duce significant basal ganglia, thalamic and
frontal lobe dysfunction which may be associ-
ated with more severe apathy and extrapyrami-

vention of LA has become emerging research
issue

Hyperbaric oxygen therapy (HBO) is defined as
the inhalation of 100% oxygen inside a hyper-
baric chamber that is pressurized to greater
than 1 atmosphere. Many experiments have
shown that hyperbaric oxygen (HBO) can pro-
tect against subsequent multi-organ injury to
the brain, heart, or liver [6]. During LA treat-
ment hyperbaric oxygen increases both the dis-
solved oxygen and the partial pressure of oxy-
gen in blood plasma. Consequently, a large
amount of oxygen-dependent reactions and
signaling pathways are enhanced.

Salidroside (Sal) is a glucoside of tyrosol found
in the plant roots and stems Rhodiola rosea.
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The previous studies confirmed that Sal has
pharmacological effects to reduce cerebral
ischemia-reperfusion injury through the activa-
tion of the Nrf2 pathway [7]. Moreover, Sal has
a protective effect against isoflurane-induced
cognitive dysfunction by inhibiting excessive
inflammatory responses, decreasing oxidative
stress, and regulating the cholinergic system
[8]. Besides, Sal improves behavioral and histo-
logical outcomes and reduces apoptosis via
PI3K/Akt signaling after experimental traumat-
ic brain injury [9]. These all facts suggest that
Salidroside and hyperbaric oxygen may effec-
tively improve leukoaraiosis. Therefore, it is
hypothesized that Sal may be used as a neuro-
protective agent to promote the potential of
nerve repair. However, there is no literature
about the protection of Sal against leukoaraio-
sis induced by chronic cerebral ischemia. The
present study was designed to explore the
effects of combination of Sal and HBO on cere-
bral white matter.

Materials and methods
Animal models

All animal experiments were approved by Naval
General Hospital, Beijing, China. Anesthesia
was induced with pentobarbital (12.5 mg/kg)
and maintained with a-chloralose (75 mg/kg)
during surgery and preparation. Male Wistar
rats (250-300 g) were categorized into Control
group, model group, Sal Group, HBO group and
Sal+HBO group with 10 in each group. All ani-
mals were reared in constant temperature with
12 h: 12 h natural light cycle. Bilateral arteria
carotis communis were ligated for 2 weeks to
establish ischemic model. Animals in control
group were given the same operations without
the ligation of bilateral common carotid arter-
ies. HBO was performed from the 15" day in an
animal research chamber equipped with a
hyperbaric ventilator (Sechrist 500A) for 2
weeks. HBO was initiated for 60 minutes and
consisted of a 25-minute descent to 2.7 atm,
which was maintained for 60 minutes, followed
by a 25-minute ascent. In the Sal group, the
animals were intravenously injected 50 mg/kg
of Sal from the 15" day for consecutive 2
weeks. The animals were Killed to death by pen-
tobarbital sodium (i.v. 200 mg/kg).

Luxol fast blue (LFB) staining

After saline and Zamboni’s fixative was sequen-
tially injected into the brain, the brain tissue
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was removed and then fixed and frozenly sec-
tioned into 10 ym. Sections ranged from fon-
ticulus 0.2 mm to -0.3 mm, containing the
entire corpus callosum. The frozen sections
were mounted on the coated glass slides,
toasted at 37°C for 2 h, and then prepared in a
Luxol fast blue solution at a temperature of
about 60°C for 6 h, followed by washing in 95%
ethanol and distilled water sequentially. Next,
0.05% Li,CO, solution for 10 s and 70% ethanol
for 10 s were sequentially used for color sepa-
ration. Under a microscope, if the gray and
white matter are easy to distinguish, the slides
were then treated with 80%, 95% and 100% of
gradient alcohol for dehydration, xylene for
transparency and neutral balata for mount.

MBP staining

The frozen sections were sequentially treated
with 3% H,0, at room temperature for 15 min to
block endogenous peroxidase activity, 1%
BSA/0.4% Triton X-100 at 37°C for 30 min to
block nonspecific antibody binding, primary
antibody at 4°C overnight, biotinylated second-
ary antibody at 37°C for 3 h, ABC compound at
37°C for 3 h and DAB 30 min for coloration, fol-
lowed by washing in 0.01 M PBS for 5 minx3
after each step. Olympus microscope was used
for observation. Image Pro Plus software was
used to analyze the positive results of immune
reaction.

TUNEL

Frozen sections were sequentially treated with
3% H,0,-methanol at 4°C for 10 min, 0.1%
Triton X-100/0.1% sodium citrate solution at
4°C for 2 min, TUNEL reaction mixture at 37°C
for 60 min , converter-POD at 37°C for 30 min
followed by 0.01 M PBS rinse of 3 times (each
10 min). DAB was used for colorization. After
gradient alcohol dehydration, xylene treatment
and neutral balata mount, Olympus microscope
was used to observe the results. TUNEL mixed
solution without TDT enzyme solution was used
as a negative control. The number of positive
cells in corpus callosum of 0.25 mm? was
analyzed.

Western immunoblotting

For Western blotting, protein concentrations of
cell lysates were determined with a Coomassie
plus protein assay (Dingguo, Beijing, China) and
were resolved by 10% SDS-polyacrylamide gel
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Figure 1. The myelin sheaths histopathogy was identified by LFB staining.
A: Representative images (Scale bar=500 uM); B: Quantitative analysis.
**P<0.01 vs. control; #P<0.05 and ##P<0.01 vs. Model group; +P<0.05

vs. Sal group.

A Control Model
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Figure 2. The oligodendrocytes were identified by MBP staining. A: Repre-
sentative images (Scale bar=500 pyM). B: Quantitative analysis. **P<0.01
vs. control; #P<0.05 and P<0.01 vs. Model group; ++P<0.01 vs. Sal group.

electrophoresis and then transferred onto poly-
vinylidene fluoride membrane (Invitrogen,
China). Membranes were blocked with 5% skim
milk and incubated with rabbit polyclonal to
PI3BK and AKT1 (phospho, Abcam, Shanghai,
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HBO

China). After being washed,
membranes were incubated
with corresponding horserad-
ish peroxidase (HRP)-conju-
gated 1gG (1:2,000; Abcam,
Shanghai, China) for 1 h at
room temperature. Antibody-
antigen complexes were then
detected using a SuperSignal
West Pico Chemiluminescent
Substrate (Pierce, IL USA).
GAPDH was used as a loading

-+
w#

# control. A densitometry analy-
sis was performed using
Al-phaEase software version
) 2200.
N Ia
it 0{" Statistical analysis
L

All statistical data were pre-
sented as mean * standard
deviation (SD). The compari-
sons among groups were per-
formed using one way analysis
of variance (ANOVA). A P-value
less than 0.05 were consid-
ered as statistically signifi-
cant.

Results

Combination of Sal and HBO
inhibited demyelination

In the control group, the LFB
staining was clearly distribut-
ed in the corpus callosum, cin-
# gulate gyrus, caudate puta-
men, external capsule, anter-
ior commissure and lateral
olfactory tract. The LFB stain-
ing in these regions was st-

%r} @'3 rong and the myelin sheath
Q)Ox was arranged in order without
s edema, stratification, fragm-

entation and vacuolization.
After ischemia, LFB staining
became light, and the lesions
of myelin sheath were obvious
as well as some of them were
disintegrated and vacuolated. Sal treatment
alone can effectively alleviate the pathological
changes and combination with Sal and HBO
was verified to further reduce the lesions
(Figure 1A). Quantitative analysis showed that
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Figure 3. Apoptosis of oligodendrocyte was analyzed by Tunnel (n=10).
A: Representative images (Scale bar=50 pM). B: Quantitative analysis.
**P<0.01 vs. control; #P<0.05 and ##P<0.01 vs. Model group; ++P<0.01

vs. Sal group.
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Figure 4. Phosphorylation of P13K/Akt was ana-
lyzed by Western blot (n=5). A: Representative im-
ages. B: Quantitative analysis. **P<0.01 vs. control;
#P<0.05 vs. Model group.

the average optical density (OD) of the model
group decreased, Sal treatment promoted the
average OD and combination of Sal and HBO
further increased the average OD when com-
pared to Sal group (P< 0.01) (Figure 1B).

Combination of Sal and HBO promoted prolif-
eration of oligodendrocytes

In the control group, the positive region of MBP
immunohistochemical staining was the same
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HBO as that of LFB and the brown
positive staining boundary
was clear (Figure 2A). Quan-
titative analysis showed that
the average optical density
(OD) of the model group
decreased, Sal treatment pro-
moted the average OD and
combination of Sal and HBO
further increased the average
OD when compared to Sal

#* group (P< 0.01) (Figure 2B).
++
## Combination of Sal and HBO
inhibited apoptosis of oligo-
dendrocytes
> & . .
S & TUNEL positive apoptotic cells
Qibo were observed in the corpus

callosum of rats in each gr-
oup. The number of TUNEL
positive cells of the model
group increased significantly
which had significant differ-
ences with the control group.
When compared with model group, the number
of TUNEL positive cells in Sal group or HBO
group significantly reduced (P< 0.05). Moreover,
the TUNEL positive cells in Sal+HBO group
decreased obviously when compared with sole
Sal or HBO group (P< 0.01) (Figure 3A and 3B).

Combination of Sal and HBO promoted P13K/
Akt signaling

The results showed that the phosphorylation of
P13K/Akt decreased significantly in the model
group while Sal or HBO promotes the phosphor-
ylation of P13K/Akt (P<0.05); the P13K/Akt
phosphorylation of Sal and HBO group com-
pared with Sal or HBO had no obvious differ-
ence (Figure 4).

Discussion

LA is a diffuse subcortical white matter dis-
ease. ltis clinical syndrome induced by various
etiologies (hypertension, smoking, diabetes
mellitus, hyperhomocysteinemia, cardiovascu-
lar disease) and is correlated to many factors
[10]. The main pathogenesis of LA is cerebral
ischemia and hypoxia injury. Structural chang-
es in brain affecting the small intraparenchy-
mal cerebral arteries and arterioles that altered
cerebral blood flow autoregulation which
results in cerebral ischemia and contribute to

Int J Clin Exp Med 2018;11(5):4730-4735



Salidroside and HBO improve leukoaraiosis

the development of leukoaraiosis. The white
matter of the brain connects the cortex and the
subcortical area and plays a very important
role in the information transmission. The white
matter mainly depends on the deep perforating
artery without collateral circulation as well as
the artery needs a long distance to reach white
matter. These characteristics make the white
matter in the region most vulnerable to isch-
emia. As a result ischemia leads to demyelin-
ation. CT outcomes of LA are closely related to
age.

During the recent clinical trials, it is found that
HBO protect against focal and global cerebral
ischemia as well as traumatic brain injury [11].
Moreover, HBO can promote both cerebral-pro-
tective and cardiac-protective effects as deter-
mined by biochemical markers of neuronal and
myocardial injury and clinical consequences in
patients experiencing on-pump coronary artery
bypass-graft surgery [6]. In addition to this,
HBO can significantly lessen cognitive impair-
ment as well as considered responsible for
decreases in pro-inflammatory cytokines and
caspase-3 activity [12]. Thus, HBO is associat-
ed with anti-oxidants stress, anti-inflammation,
anti-apoptosis, as well as increased regional
cerebral blood flow distribution and improve-
ment of blood-brain barrier integrity. In this
study, HBO has effectively inhibit apoptosis of
oligodendrocytes.

Salidroside can effectively reduce the cerebral
edema with global cerebral ischemia-reperfu-
sion injury, relieve the metabolism abnormity of
free radical and improve the function of cogni-
tion. The results of the present study showed
that Sal treatment alone can effectively allevi-
ate the myelin sheaths lesions and combina-
tion of Sal and HBO was verified to further
reduce the lesions. Moreover, Sal treatment
promoted proliferation and inhibited apoptosis
of oligodendrocyte and combination of Sal and
HBO further promoted the effects.

P13K/Akt signaling pathway is an important
signal pathway to promote cell survival which
inhibit cell apoptosis by enhancing transcrip-
tion of anti-apoptotic genes. Previous studies
have found that the protective effect of Sal is
related to the P13K/Akt signaling pathway [9].
The anti-apoptotic properties of P13K/Akt sig-
naling pathway and its upregulation plays an
important role in oligodendrocyte survival [13].
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In this study,the combination of Sal and HBO
have shown better effects against apoptosis
through P13K/Akt signaling pathway.

In conclusion, combination of Sal and HBO con-
tributes in remyelination and survival of oligo-
dendrocyte through P13K/Akt signaling.
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