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electrophoresis and then transferred onto poly-
vinylidene fluoride membrane (Invitrogen, 
China). Membranes were blocked with 5% skim 
milk and incubated with rabbit polyclonal to 
PI3K and AKT1 (phospho, Abcam, Shanghai, 

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 

Figure 1. The myelin sheaths histopathogy was identified by LFB staining. 
A: Representative images (Scale bar=500 μM); B: Quantitative analysis. 
**P<0.01 vs. control; #P<0.05 and ##P<0.01 vs. Model group; +P<0.05 
vs. Sal group.

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

China). After being washed, 
membranes were incubated 
with corresponding horserad-
ish peroxidase (HRP)-conju- 
gated IgG (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 
control. A densitometry analy-
sis was performed using 
Al-phaEase software version 
2200.

Statistical analysis

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- 
rong and the myelin sheath 
was arranged in order without 
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 
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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 

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. It is 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 

Figure 3. Apoptosis of oligodendrocyte was analyzed by Tunnel (n=10). 
A: Representative images (Scale bar=50 μM). B: Quantitative analysis. 
**P<0.01 vs. control; #P<0.05 and ##P<0.01 vs. Model group; ++P<0.01 
vs. Sal group.

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.

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

TUNEL positive apoptotic cells 
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. 



Salidroside and HBO improve leukoaraiosis

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

side on focal cerebralischemia/reperfusion in-
jury involve the nuclear erythroid 2-related fac-
tor 2 pathway. Neural Regen Res 2015; 10: 
1989-1996. 

[8]	 Liang L, Ma Z, Dong M, Ma J, Jiang A, Sun X. 
Protective effects of salidroside against isoflu-
rane-inducedcognitive impairment in rats. 
Hum Exp Toxicol 2017; 36: 1295-1302.

[9]	 Chen SF, Tsai HJ, Hung TH, Chen CC, Lee CY, 
Wu CH, Wang PY, Liao NC. Salidroside im-
proves behavioral and histological outcomes 
and reduces apoptosis via PI3K/Akt signaling 
after experimental traumatic brain injury. PLoS 
One 2012; 7: e45763.

[10]	 Valencia C, Marti-Fàbregas J, Belvis R, Martí-
Vilalta JL. Leukoaraiosis. Clinical importance 
and prognosis. Neurologia 2003; 18: 149-157.

[11]	 Matchett GA, Martin RD, Zhang JH. Hyperbaric 
oxygen therapy and cerebral ischemia: neuro-
protective mechanisms. Neurol Res 2009; 31: 
114-121.

[12]	 Chen C, Huang L, Nong Z, Li Y, Chen W, Huang 
J, Pan X, Wu G, Lin Y. Hyperbaric oxygen pre-
vents cognitive impairments in mice induc- 
ed by D-galactose by improving cholinergic  
and anti-apoptotic functions. Neurochem Res 
2017; 42: 1240-1253. 

[13]	 Kumar S, Patel R, Moore S, Crawford DK, Su-
wanna N, Mangiardi M, Tiwari-Woodruff SK. 
Estrogen receptor β ligand therapy activates 
PI3K/Akt/mTOR signaling in oligodendrocytes 
and promotes remyelination in a mouse model 
of multiple sclerosis. Neurobiol Dis 2013; 56: 
131-144.


