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A b s t r a c t

Introduction: Brain injury caused by ischaemic stroke is a major cause of disability and death throughout the world. 
The present study evaluates the neuroprotective effect of pseudopterosin A (PtA) against ischaemia-induced brain 
injury. 
Material and methods: Ischaemia was induced by pMCAO model, and rats were separated in to three groups. A con-
trol group; an ischemic group receiving saline solution; and a PtA group receiving PtA (5 mg/kg, i.p.) for the period 
of three days, i.e. two days before surgery and after the surgery. Effect of PtA was assessed by estimating the infract 
volume and neurological deficits. Level of oxidative stress, inflammatory mediators, and markers of apoptosis were 
estimated in the brain tissues. Western blot assay and immunohistochemistry was done for the assessment of 
expressions of protein. 
Result: Data from the study suggest that treatment with PtA significantly decreases the infracted volume and neu-
rological deficit score compared to the ischaemic group. Treatments with PtA attenuate the activity of antioxidant 
enzyme, and the level of inflammatory mediators and markers of apoptosis in the brain tissues of ischaemia-induced 
brain injury. Phosphorylation of FKHR, Bad, and Akt were significantly reduced in the PtA-treated group compared 
to the ischaemic group. 
Conclusions: The present study shows that pseudopterosin A attenuates neuronal injury in the pMCAO model by acting 
on the Akt signalling pathway.
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Introduction

Brain injury caused by ischaemic stroke is 
a major cause of disability and death throughout the 
world [4]. The pathophysiology of ischaemic stroke 
is complex and so is its therapy. Injury occurring due 
to ischaemia cannot be completely healed regard-

ing the function of tissue and organs. Haemorrha-
gic transformation, cerebral oedema, and neuronal 
death-like events occur in brain damage due to cere-
bral ischaemia [16]. There are several mechanisms 
involved in the pathogenesis of brain injury, such 
as disturbance of blood brain barrier, excitotoxicity, 
oxidative stress, activation of apoptosis, and inflam-
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matory mediators [18]. The literature reveals that 
apoptosis and inflammatory response are regulated 
by Akt and phosphoinositide 3-kinases (PI3Ks) in 
ischaemic brain injury [11]. In injury induced by isch-
aemia activation of downstream protein is achieved 
due to enhanced expression of p-Akt protein. Sev-
eral reports reveal that the agent that alters the 
expressions of p-Akt attenuates the neuronal inju-
ry by reducing the inflammation and apoptosis of 
neuronal cells [19,12]. Management of stroke is still 
a challenge, and the drug used for the treatment of 
stroke has some serious side effects, such as neuro-
toxicity. Thus, more focus has been placed the devel-
opment of alternative medicine that can act on the 
pathogenic pathway of brain injury.

Pseudopterosin A (PtA) is isolated from Pseudo-
pterogorgia elisabethae (gorgonian sea whip) chem-
ically known as diterpene glycoside [8]. Literature 
reveals that around 31 pseudopterosin derivatives 
have been identified and isolated from natural 
origins [13]. Cytotoxic and biological activities of 
pseudopterosins depend upon the type of sugar 
and glycosylation position on the terpene skele-
ton [3]. Pseudopterosins reported to possess sev-
eral activities such as anti-tuberculosis, anti-ma-
larial, anti-viral, anti-cancer, wound-healing, and 
anti-inflammatory activity [14,15,20]. Thus the pres-
ent study evaluates the protective effect of pseu-
dopterosin A against ischaemic/reperfusion-induced 
brain injury.

Material and methods
Animal

Male albino Wistar rats (120-150 g) were pro-
cured from Shanghai medical college, Shanghai, 
China. Animals were stored under the standard con-
dition according to the guidelines. All the animals 
were kept for a period of seven days for acclimatisa-
tion to laboratory conditions with ad libitum access 
to normal standard chow diet and tap water. All the 
protocols were approved by the Institutional Animal 
Ethical Committee of the Second Military Medi-
cal University affiliated with Changzheng Hospital,  
China (IAEC/SMMU/CH/2017/02).

Induction of brain injury

Brain injury was induced by ischaemia produced 
using the pMCAO model according to the previously 
reported method. Isolation of the carotid artery was 

performed, and blood flow was reduced by inserting 
20 mm of mono filament into it. The body tempera-
ture of the animals was maintained at 37°C during 
the period of surgery and the flow of blood was 
monitored. In the control group a filament was not 
inserted, but the surgical procedure was carried out 
in the same way as described earlier [10].

Protocol design 

Pseudopterogorgia elisabethae was used for the 
isolation of pseudopterosin A  (PtA) after collect-
ing it from Burrows Cay, Bahamas. Isolation of PtA 
was performed according to the previously report-
ed method [9]. Pseudopterosin A  was dissolved in 
saline solution and administered intraperitoneally 
for period of three days, i.e. two days before and one 
day after the surgery, at a dose of 5 mg/kg. All the 
animals were separated in to three groups (n = 10). 
A control group receiving saline without ischaemia; 
an ischemic group receiving saline solution; and 
a PtA group receiving PtA (5 mg/kg, i.p.).

Evaluation of neurological function

The neurological deficit score was estimated 
according to the previously reported method. Be ha-
viour was estimated for the neurological deficit score, 
and the score was graded on the following scale:  
no neurological defects – 0; flexion of forelimb – 1; 
failure to extend right forelimb and decrease in the 
strength – 2; impairment of movement towards  
the right side, such as crawling and rotating – 3; diffi-
culty in spontaneous movement – 4.

Evaluation of infracted volume

All the animals were sacrificed by decapitation 
method and brain was isolated from each animal. 
Isolated brain was cut into sections, and 2,3,5-triphe-
nyltetrazolium chloride (TTC) was used to stained 
the tissue section for 15 min. Image Pro-Plus 5.1 soft-
ware was used for the estimation of the infracted 
area of the brain.

Estimation of oxidative stress

Antioxidant enzymes such as catalase (CAT) and 
superoxide dismutase (SOD) were measured in the 
tissue homogenate of brain tissues by using com-
mercial kits. The procedure was used for the deter-
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mination of antioxidant enzymes according to the 
direction given by the manufacturer. 

Estimation of inflammatory mediators 
and markers of apoptosis

The Nuclear/Cytosolic Fractionation Kit was used 
for the isolation of nuclear factor κB (NF-κB) free p65 
subunit and the ELISA kit was used for its determi-
nation. ELISA method was used for the determina-
tion of level of caspase-3 and tumour necrosis fac-
tor-α (TNF-α) using their respective kits according to 
the manufacturer’s directions.

Western blot assay

Cerebral cortex was dissected from the isolated 
brains and buffer containing 1 mM EDTA and Triton 
X-100 (1%) in 7.4 pH PBS was used for the lysis of 
brain tissues. Brain tissue was centrifuged for the 
period of 20 min at 12 000× at a temperature of 4°C. 
Then the concentration of protein was estimated 
in the lysate in the collected supernatant solution 
using the bicinchoninic acid (BCA) kit according to 
the directions given by the manufacturer. SDS–poly-
acrylamide gels (10%) was used to apply total pro-
tein on each lane, and after washing the membrane 
with Tris-buffer saline it was incubated with prima-
ry antibodies such as anti-cleaved-caspase-3, anti-
FKHR, anti-phospho-FKHR, anti-Bad, anti-phospho-
Bad, anti-Akt, anti-phospho-Akt, and anti-α tubulin. 
Further secondary antibody was used to incubate 
the membrane. Manufacturer’s directions were used 
for application of the ECL Western blot analysis sys-

tem. Sigma Plot 4.0 and Sigma Gel 1.0 were used to 
estimate the intensity of western blot.

Immunohistochemistry 

Paraformaldehyde (4%) was used for the fixation 
of brain tissues, and then tissues were seeded in 
the molten paraffin. Tissues were cut in to section 
of 7-mm thickness using microtome. Section tissues 
were stained with antibody of Akt for a  period of 
60 min. Anti-goat IgG was used to incubate the tis-
sue section for the duration of 60 min after wash-
ing. Tissue sections were further washed and again 
incubated for the period of 60 min with anti-ion-
ised calcium-binding adapter molecule 1. Moreover, 
FITC-conjugated anti-rabbit was incubated for the 
period of 60 min after washing the tissues, and flu-
orescence mounting medium was used to cover the 
section. A fluorescence microscope was used to view 
the tissue sections.

Statistical analysis

All data were expressed as mean ± SD (n = 10). 
The statistical analysis was performed using one-
way ANOVA. Post-hoc comparison of means was 
carried out by Dunnett’s post hoc test (Gradpad 
prism 6.1., CA, USA). The level of statistical signifi-
cance was set at p < 0.05.

Result

The effect of pseudopterosin A  
on neurological function

Effect of PtA on the neurological deficit score in 
ischaemia-induced brain-injured rats is shown in 
Figure 1. Neurological deficit score was estimated by 
scaling the behavioural parameters. In the ischaemic 
group of rats the neurological deficit score (2.95  
± 0.15) was significantly enhanced compared to the 
control group of rats. However, treatment with PtA 
significantly decreased by up to 1.27 ± 0.05 com-
pared to the ischaemic group.

The effect of pseudopterosin A  
on cerebral infract

Effect of PtA on the percentage of infract volume 
in the brain of ischaemia-induced brain-injured rats 
is shown in Figure 2. It was observed that the per-
centage of infract volume was significantly enhanced 
in the brain of ischaemia-induced brain-injured rats 

Fig. 1. Effect of pseudopterosin A (PtA) on the 
neurological deficit score in ischaemia-induced 
brain-injured rats.
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(ischaemic group) by up to 41.7% compared to the 
control group, while the percentage of infract volume 
was found to be reduced (12.9%) in the tPtA-treated 
group compared to ischaemic group.

The effect of pseudopterosin A 
on anti-oxidant enzymes 

The effect of PtA on the activity of anti-oxidant 
enzymes in the brain tissues of ischaemia-induced 
brain-injured rats is shown in Figure 3. There was 
a significant decrease in the activity of anti-oxidant 
enzymes such as CAT and SOD in the brain tissues 
of the ischaemic group, whereas treatment with PtA 
significantly attenuated the altered level of anti-
oxidant enzyme in the brain tissues of ischaemia- 
induced brain-injured rats.

The effect of pseudopterosin A on 
apoptosis and inflammatory markers 

The effect of PtA on markers of apoptosis and 
inflammatory mediators was assessed in the brain 
tissues of ischaemia-induced brain-injured rats, as 
shown in Table I. In the ischaemic group of rats the 
levels of markers of apoptosis, i.e. caspase-3 and 
inflammatory mediators – NF-κB p65 and TNF-α, 
was significantly enhanced (p < 0.01) in the brain 
tissues of ischaemia-induced brain-injured rats com-
pared to the control group. However, treatment with 
PtA attenuates the altered level of markers of apop-
tosis and inflammatory mediators in brain tissues of 
ischaemia-induced brain-injured rats.

The effect of pseudopterosin A  
on the expressions of caspase-3, FKHR, 
Bad, and Akt

The effect of PtA on the expressions of caspase-3, 
FKHR, Bad, and Akt in the brain tissues of ischaemia-in-
duced brain-injured rats is shown in Figure 4. There 
was a  significant increase in the expressions of 
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Fig. 2. Effect of pseudopterosin A (PtA) on per-
centage of infract volume in ischaemia-induced 
brain-injured rats.

Fig. 3. Effect of pseudopterosin A (PtA) on the activity of anti-oxidant enzymes: A) superoxide dismutase (SOD), 
B) catalase (CAT), in the brain tissues of ischaemia-induced brain-injured rats.

Data mean ± SD (n = 10)
@@p < 0.01 compared to the control group; **p < 0.01 compared to the ischaemic group

A B



108 Folia Neuropathologica 2018; 56/2

Xinkai Niu, Chaochun Yu, Guanfu Jiang, Jun Wu, Xiaohui Tan, Weijia Zhang, Lijun Hou

Fig. 4. Effect of pseudopterosin A (PtA) on the expressions of A) caspase-3, B) FKHR, C) Bad, and D) Akt in 
the brain tissues of ischaemia-induced brain-injured rats
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Table I. Effect of pseudopterosin A (PtA) on the level of apoptosis and inflammatory markers in the brain 
tissues of ischaemia-induced brain-injured rats

Sr. No. Group Caspase-3 (ng/mg protein) NF-κB p65 (pg/mg protein) TNF-α (ng/mg protein)

1 Control 8.17 ± 1.12 78.52 ± 4.86 127.83 ± 6.31

2 Ischaemic 39.21 ± 4.27†† 196.38 ± 13.21†† 297.19 ± 18.73††

3 PtA 19.63 ± 2.19** 137.14 ± 7.28** 149.50 ± 9.75**

TNF-α – tumour necrosis factor α, PtA – pseudopterosin A, data mean ± SD (n = 10) 
††p < 0.01 compared to control group; **p < 0.01 compared to the ischaemic group

A B

C D

caspase-3 enzyme and a  decrease in the level of 
FKHR, Bad, and Akt in the brain tissues of the isch-
aemic group of rats compared to the control group. 
However, expressions of caspase-3 enzyme was found 

to be significantly reduced and the level of FKHR, 
Bad, and Akt significantly enhanced in the brain tis-
sues of the PtA-treated group of rats compared to 
the ischaemic group.
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Fig. 5. Effect of PtA on the Akt phosphorylation in the brain tissues of ischaemia-induced brain-injured rats.
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The effect of pseudopterosin A  
on Akt phosphorylation

The effect of PtA on Akt phosphorylation in the 
brain tissues of ischaemia-induced brain-injured rats 
is shown in Figure 5. Immunohistochemical stain-
ing was done for the estimation of phosphorylation 
of Akt in the brain tissues of ischaemia-induced 
brain-injured rats. There was significant decrease in 
the phosphorylation of Akt in the ischaemic group 
compared to the control group of rats. However, 
treatment with PtA significantly attenuated the 
phosphorylation of Akt in the TS of brain tissues of 
ischaemia-induced brain-injured rats. Data from the 
western blot study also supports the results of immu-
nohistochemical analysis. 

Discussion

The present study evaluates the neuroprotec-
tive effect of PtA against brain injury and also pos-
tulates the possible mechanism of action. Drugs 
having anti-apoptosis and anti-inflammatory prop-
erties play a significant role in the management of 
brain injury [6]. Literature suggests that the level 
of inflammatory mediators in ischaemia-induced 
cerebral injured tissues [7]. In brain injury induced 
by ischaemia, inhibition of inflammatory media-
tors protects the neuronal damage. Pseudopterosin 
A has been reported to possess strong anti-inflam-
matory properties [5]. In this report inflammatory 
mediators such as TNF-α and NF-κB p65 were found 
to be significantly reduced in the PtA-treated group 
compared to the ischaemic group.

In ischaemia generation of free radicals enhanced 
causes increase in oxidative stress, and the level of 
antioxidant enzymes was also reduced in ischaemic 
conditions [2]. Data from the present study reveal 
that the level of antioxidant enzyme was significant-
ly enhanced in the PtA-treated group compared to 
the ischaemic group of rats. 

In several neurological disorders including isch-
aemia induced cerebral injury up regulation of apop-
tosis that causes neurodegeneration [22]. In the up 
regulation of the process of apoptosis the family of 
caspase enzymes plays an important role. The activ-
ity of caspase-3 enzymes reported to enhance that 
upregulates the process of apoptosis. The results of 
the study show that PtA significantly reduces the 
activity of caspase-3 enzyme and thereby attenuates 
the process of apoptosis [1]. The process of apoptosis 

is stimulated in the neuronal tissues due to enhanced 
level of oxidative stress and inflammatory mediators. 
The data from our report reveal that PtA significantly 
attenuates oxidative stress and inflammatory medi-
ators and thereby reduces the process of apoptosis. 
Apoptosis of neuronal cells is directly related to the 
autophagy of cells and the Akt signalling pathway. The 
literature reveals that autophagy in neuronal cells is 
protected by inducing the Akt signalling pathway [21]. 

Cell death was attenuated through PI3-K/Akt 
signalling pathway by acting on the caspase-9, fork-
head transcription factors, and Bad-like targets [19]. 
Survival of cells is enhanced for the phosphorylation 
of FKHR, Bad, and Akt. In brain injury the level of 
pFKHR, pBad, and pAkt was down regulated in the 
brain tissues, while treatment with PtA significant-
ly enhanced the level of protein in brain tissue and 
thereby protects the neuronal damage.

Conclusions

The present study concludes that pseudopterosin 
A  attenuates the neuronal injury in pMCAO model 
by acting on Akt signalling pathway. Pseudopterosin 
A down regulates the process of neuronal apoptosis 
by reducing the activity of caspase enzyme, and the 
level of oxidative stress and inflammatory media-
tors. The data from this report reveal that PtA has 
a  strong neuroprotective effect and could be used 
clinically.
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