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A b s t r a c t

Introduction: Present investigation determines the effect of zerumbone on the proliferation of stem cells in vascular 
dementia (VD) rats.
Material and methods: Vascular dementia was induced by cerebral ischemia and reperfusion through non-invasive 
clamp. Rats were treated with zerumbone 50 mg/kg and 100 mg/kg intraperitoneally 30 min for four weeks after the 
surgery. Cognitive functions are determined by the Morris water maze (MWM) test and neurological function score in 
VD rats. Moreover mediators of inflammation and parameters of oxidative stress were estimated in the brain tissue 
homogenate of ischemia-induced vascular dementia rats. The expression of proteins and mRNA expressions were 
determined by western blot assay and RT-PCR methods. Moreover histopathological changes were observed by H&E 
staining on the brain tissue of vascular dementia rats.
Results: There was a significant reduction in the cognitive function and neurological score in the zerumbone-treated 
group compared to the VD group of rats. Data of the study reveal that treatment with zerumbone attenuates the 
altered level of cytokines and markers of oxidative stress parameters in the brain tissue of VD rats. The expression 
of NICD, Hes-1 and Nestin proteins was significantly (p < 0.01) reduced in the brain tissue of the zerumbone-treated 
group compared to the VD group of rats. There was a significant reduction in the mRNA expression of Notch-1 and 
Hes-1 in the brain tissue of the zerumbone-treated group compared to the VD group of rats.
Conclusions: This study concludes that treatment with zerumbone protects the neuronal injury and ameliorates the 
cognitive function by stimulating the proliferation of endogenous neural stem cells. Moreover proliferation of neural 
stem cells was stimulated in zerumbone-treated rats by regulating the Notch signalling. 
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Introduction

Vascular dementia is a  pathological condition 
of cerebral hypoperfusion and occurs due to sev-
eral aetiologies including damage of vascular brain  
tissue [9]. Vascular dementia is one of the com-

mon causes of Alzheimer’s disease and dementia.  
In vascular dementia mainly caused due to isch-
emic damage of the brain and other pathogenesis, 
synaptic plasticity, free radical generation, neuro- 
inflammation and excitotoxicity were observed [6]. 
Vascular dementia was characterized by change  
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in the behaviour and reduced cognitive function.  
In vascular dementia, different pathological changes 
were observed depending on the region of the 
lesion. The literature reveals that cerebral ischemia 
affects majorly the region of brain such as striatum, 
hippocampus and parietal cortex to which blood 
was supplied by the middle cerebral artery [2]. The 
hippocampus region of the brain has proven to play 
a  role for memory and the learning process and 
thus cerebral ischemia leads to a defect in the cog-
nitive functions [11]. 

In the hippocampus and subventricular zone of 
the brain, proliferation of neural stem cells protects 
the neuronal injury [21]. In vascular dementia, cere-
bral injury is not able to prevent due to presence of 
less quantity of stem cells. It is well documented 
that the differentiation, proliferation and mainte-
nance of neural stem cells was regulated by Notch 
signalling [8]. Notch is a  transmembrane protein 
receptor which is activated by binding to DSL and 
also helps in the regulating of neurogenesis [15].

Zingiber zerumbet has traditionally been used 
as a medicine in China and reportedly has several 
medicinal properties, such as antiallergic, antioxi-
dant, antiulcer, anti-inflammatory, anticancer and 
antimicrobial activities [20]. Zerumbone is a sesqui-
terpene isolated from rhizomes of Z. zerumbet [20]. 
Zerumbone has antitumor, antioxidant, antidiabet-
ic, anti-nociceptive and anti-inflammatory effects 
[7,16,20]. It also ameliorates the neuropathic pain 
and retinal damage induced due to ischemic condi-
tion [17]. The expression of inflammatory cytokines 
and cyclooxygenase-2 was inhibited by zerumbone 
[13]. Zerumbone also attenuates nutritional ste-
atohepatitis by regulating gene expression related 
to fibrogenesis, inflammation and oxidative stress 
[22]. Thus, the present report determines the pro-
tective effect of Zerumbone on the neuronal injury 
in a vascular dementia rat model.

Material and methods

Animals

Male Sprague-Dawley rats (250-300 g) were 
kept under the 12 h of light and dark cycle in the 
standard condition such as 60 ±5% of humidity,  
24 ±3°C of temperature. All the protocols of the 
study were approved by the institutional animal  
ethical committee of Tsinghua University, China 
(IAEC/SM-TU/2019/12).

Chemicals

Zerumbone was procured from Sigma Aldrich, 
USA. ELISA kits for the estimation of mediators of 
inflammation and parameters of oxidative stress 
were purchased from R&D Systems, USA. RevertAid 
First Strand cDNA Synthesis kit was purchased from 
Thermo Scientific, USA. 

Experiments

Vascular dementia was induced in the rats as per 
previously reported method [12]. All the rats were 
anesthetized by administration of chloral hydrate  
(10% w/v) intraperitoneally (i.p.) and an incision was 
done on the midline cervical region. Further, the vagus 
nerve and carotid sheath were separated out after 
exposing it. Ischemia was induced by a non-invasive 
clamp for 10 minutes and re-perfusion for 10 minutes, 
repeated three times. Rats were kept in the cage after 
suturing the incision. However, the sham group of rats 
were operated without inducing ischemia and reper-
fusion. 

All the animals were divided into five different 
groups including the Sham group; the vascular de- 
mentia (VD) group receives a saline solution; the ze- 
rumbone 50 mg/kg and 100 mg/kg group receives 
zerumbone 50 mg/kg and 100 mg/kg, i.p. 30 min after  
the surgery for four weeks. 

Determination of behavioural changes

The Morris water maze (MWM) was used to 
determine behavioural changes as per a previously 
reported study. The water maze had a  height and 
diameter of 40 and 100 cm, respectively, and the 
platform depth was 15.5 cm. Four quadrants were 
created in the apparatus with the thread and one 
quadrant of the platform was placed so that it could 
not be visualised. Swimming behaviour was mon-
itored continuously for 6 days. Escape latency was 
determined as an indicator of spatial memory and 
the effect of zerumbone was estimated on the vas-
cular dementia.

Estimation of neurological function

The modified neurological severity score (mNSS) 
was used to determine balance, touch, vision, abnor-
mal behaviour, muscle mass, sensation and motion, 
as previously reported. The mNSS was calculated on 
a 0-18 scale, where 0 indicated normal brain func-
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tion and 18 indicated a severe deficit. Neurological 
function was determined at the end of protocol.

Histopathological analysis

All the rats were sacrificed by cervical disloca-
tion and isolation of the brain was done for each 
rat. Brain tissue was fixed in formalin solution (10%) 
and tissue was seeded into liquid paraffin. Tissue 
was sectioned into 8 µM thickness using microtome 
and further section of tissue was incubated with 
H&E staining. Changes in the histopathology were 
determined by using a trinocular microscope.

Biochemical parameters

ELISA kits were used to determine the concen-
trations of inflammatory mediators, such as nuclear 
factor κB (NF-κB), interleukin 6 (IL-6) and tumour 
necrosis factor α (TNF-α) in the brain tissues of neu-
ronal injury rats. Moreover, oxidative stress markers, 
such as malondialdehyde (MDA) and super oxide 
dismutase (SOD), were measured in brain tissues 
using ELISA kits.

Western blot assay

Brain tissues from the site of injury were sep-
arated out and the tissue was lysed in lysis buffer. 
The supernatant was separated by centrifuging the 
lysate for 5 min at 10,000 rpm. Sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis was used 
to separate the total proteins. The separated pro-
teins were filtered onto a  nitrocellulose membrane. 
The membrane was incubated with Iry antibodies, 
including goat anti-NICD (1 : 500; Santa Cruz, USA) 
and anti-Hes-1 (1 : 500; Santa Cruz, USA), rabbit 
anti-Nestin (1 : 500; Santa Cruz, USA) and β-actin  
(1 : 1000; Santa Cruz, USA), overnight at 4°C. Horse-
radish peroxidase-conjugated secondary antibody 
was incubated for 60 min at room temperature. Image 
J software (National Institutes of Health, Bethesda, 
MD, USA) was used to estimate band density.

Real-time polymerase chain reaction 
(RT-PCR) analysis

The RNA was isolated from hippocampal tissues 
using TRIzol reagent. The RevertAid First Strand 
cDNA Synthesis Kit (Fermentas, Ontario, Canada) 
was used to reverse-transcribe RNA. The primers 
mentioned below were mixed with RT2 SYBR Green 

Master Mix (Superarray, Frederick, MD, USA) to 
determine the gene expression using Quantitative 
SYBR Green PCR assays.

Statistical analysis

All data are expressed as means ± standard error 
(SEM; n = 10) and the statistical analysis consisted 
of a one-way analysis of variance (ANOVA). Post-hoc 
comparisons of means were carried out with Dun-
nett’s post hoc-test using GraphPad Prism software 
(ver. 6.1; San Diego, CA, USA). P-values < 0.05 were 
considered to indicate statistical significance.

Results

Zerumbone ameliorates the cognitive 
function

Figure 1 shows the effect of zerumbone on the 
cognitive function in ischemia-induced vascular 
dementia rats by MWM. It was observed that the 
percentage of time spent in the target quadrant 
and number of crossing was significantly (p < 0.01) 
reduced in the VD group compared to the sham-op-
erated group of rats. Moreover escape latency was 
found to be enhanced in the VD group compared to 
the sham group of rats. Treatment with zerumbone 
ameliorates the altered cognitive function in isch-
emia-induced vascular dementia rats.

Zerumbone ameliorates neurological 
functions

Vascular dementia rats treated with zerumbone 
on the neurological function were shown in Figure 2. 
In the VD group of rats, the neurological function 
score was enhanced compared to the sham-operat-
ed group of rats. There was a significant (p < 0.01) 
reduction in the neurological function score in the 
zerumbone-treated group compared to the VD group 
of rats.

Zerumbone ameliorates  
the pathological changes

The effect of zerumbone on the pathological 
changes in the brain tissue of ischemia-induced 
vascular dementia rats was shown in Figure 3. His-

Primer  Forward  Backward 
Notch 1  TCG TGT GTC AAG CTG ATG AGG A  GTT CGG CAG CTA CAG GTC ACA A

Hes-1      GCA GAC ATT CTG GAA ATG ACT GTG A GAG TGC GCA CCT CGG TGT TA

β-actin   GGC TGT ATT CCC CTC CAT CG CCA  GTT GGT AAC AAT GCC ATG T
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topathological changes in the brain tissue of the 
sham-operated group of rats shows no neuronal 
damage and no structural changes. However, in the 
VD group of rats, changes in the histopathology of 
brain tissue suggest the congestion of the blood cells 
and necrosis to neuronal cell with nucleus pyknosis 
and unclear architecture. Treatment with zerumbone 
restores the neuronal damage in brain tissue of isch-
emia-induced vascular dementia rats.

Zerumbone ameliorates the level  
of mediators of inflammation

In rats treated with zerumbone, an effect on the 
level of mediators of inflammation was observed 
in the brain tissue of ischemia-induced vascular 
dementia rats (Fig. 4). The level of inflammatory 
mediators such as NF-kB, TNF-α and IL-6 in the brain 

Fig. 1. Effect of zerumbone on the cognitive function in ischemia-induced vascular dementia rats, mean 
±SEM (n = 10). ##p < 0.01 compared to the sham group, **p < 0.01 compared to the VD group.

Fig. 2. Effect of zerumbone on the neurological 
function score in ischemia-induced vascular 
dementia rats, mean ±SEM (n = 10). ##p < 0.01 
compared to the sham group, **p < 0.01 com-
pared to the VD group.
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tissue homogenate was higher in the VD group than 
the sham-operated group of rats. There was a sig-
nificant (p < 0.01) decrease in the level of NF-kB, 
TNF-α and IL-6 in the brain tissue homogenate of 
the zerumbone-treated group compared to the VD 
group of rats.

Zerumbone ameliorates the 
parameters of oxidative stress

Parameters of oxidative stress were determined 
in the vascular dementia rats treated with zerum-
bone by ELISA. There was a  significant (p < 0.01) 
increase in the level of MDA and decrease in the 
activity of SOD in the brain tissue homogenate of 
the VD group compared to the sham-operated group. 
In the zerumbone-treated group, the level of MDA 
was reduced and activity of SOD was enhanced in the 

Fig. 3. Effect of zerumbone on the pathological changes in the brain tissue of ischemia-induced vascular 
dementia rats.

Fig. 4. Effect of zerumbone on the level of medi-
ators of inflammation in the brain tissue of 
ischemia-induced vascular dementia rats, mean 
±SEM (n = 10). ##p < 0.01 compared to the sham 
group, **p < 0.01 compared to the VD group.

Fig. 5. Effect of zerumbone on the parameters of oxidative stress in the brain tissue of ischemia-induced 
vascular dementia rats, mean ±SEM (n = 10). ##p < 0.01 compared to the sham group, **p < 0.01 compared 
to the VD group.
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brain tissue compared to in the VD group of rats in 
a dose dependent manner (Fig. 5).

Zerumbone ameliorates the expression 
of NICD, Hes-1 and Nestin proteins

Western blot assay was used for the assessment 
of expression of NICD, Nestin and Hes-1 proteins in 
the brain tissue of zerumbone-treated vascular 
dementia rats (Fig. 6). The expression of NICD, Nes-
tin and Hes-1 proteins was (p < 0.01) enhanced in 
the brain tissue of the VD group compared to the 
sham-operated group of rats. In the zerumbone- 

treated group, the expression of NICD, Nestin and 
Hes-1 proteins in the brain tissue homogenate was 
reduced significantly (p < 0.01) compared to the  
VD group of rats.

Zerumbone ameliorates the mRNA 
expression of Notch-1 and Hes-1 

The effect of zerumbone on the mRNA expres-
sion of Notch-1 and Hes-1 in the brain tissue of 
ischemia-induced vascular dementia rats was de- 
termined by RT-PCR method. mRNA expression of 
Notch-1 and Hes-1 was enhanced (p < 0.01) in 
the brain tissue of the VD group compared to the 
sham-operated group. There was a  significant  
(p < 0.01) reduction in mRNA expression of Notch-1 
and Hes-1 in the brain tissue of the zerumbone-treat-
ed group compared to the VD group of rats.

Discussion

Cerebral ischemia causes neuronal injury which 
leads to vascular dementia and the endogenous 
neuronal stem cell is not able to prevent the neu-
ronal injury [3]. There are several research studies 
going on the protection of brain injury and still the 
repair of neuronal injury is a difficult task. The lit-
erature reveals that neuronal injury is repaired by 
stimulating the proliferation of the endogenous 
neural stem cell [13]. Thus, the present investiga-
tion determines the effect of zerumbone on the 
proliferation of stem cells in vascular dementia 
rats. Cognitive functions are determined by the 

Fig. 6. Effect of zerumbone on the expression of NICD, Nestin and Hes-1 in the brain tissue of ischemia-in-
duced vascular dementia rats, mean ±SEM (n = 10). ##p < 0.01 compared to the sham group, **p < 0.01 
compared to the VD group.

Fig. 7. Effect of zerumbone on the mRNA expres-
sion of Notch-1 and Hes-1 in the brain tissue of 
ischemia-induced vascular dementia rats, mean 
±SEM (n = 10). ##p < 0.01 compared to the sham 
group; **p < 0.01 compared to the VD group.
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MWM test and neurological function score in VD 
rats. Moreover, mediators of inflammation and 
parameters of oxidative stress were estimated in 
the brain tissue homogenate of ischemia-induced 
vascular dementia rats. The expression of pro-
teins and mRNA expressions were determined by 
western blot assay and RT-PCR methods. Moreover, 
histopathological changes were observed by H&E 
staining and immunohistochemistry on the brain 
tissue of vascular dementia rats.

Vascular dementia causes Alzheimer’s disease 
and dementia and in both pathological conditions 
the patient suffers from cognitive dysfunctions. 
Reported studies reveal that the drug used for the 
management of Alzheimer’s disease attenuates the 
cognitive function [1,12]. Data of this study suggest 
that zerumbone treatment ameliorates the learning 
and memory of the brain function and also signifi-
cantly reduces the neurological function score com-
pared to the VD group of rats. 

There are several factors contributing to the pro-
liferation of endogenous neural stem cells, as the 
enhanced level of oxidative stress and cytokines in 
the brain reduces the proliferation of neural stem 
cells. The literature reveals that treatment with 
zerumbone reduces the level of inflammatory cyto-
kines and oxidative stress [4,18]. Results of our study 
suggest that zerumbone ameliorates the altered lev-
el of cytokines and parameters of oxidative stress in 
the brain tissue compared to the VD rats in a dose 
dependent manner. 

Notch signalling contributes to the regulation 
of differentiation and proliferation of endoge-
nous neural cells [5]. Notch is a  transmembrane 
protein receptor, which is activated by binding 
to DSL and also helps in the regulating of neuro-
genesis [19]. The Notch intracellular domain con-
tributes to the activation of Notch by regulating 
the expression of Nestin and Hes-1 protein [10]. 
Data of this report reveals that treatment with 
zerumbone significantly reduces the expression of 
NICD, Nestin and Hes-1 protein in the brain tissue 
homogenate compared to the VD group of rats. 
RT-PCR study suggests that mRNA expression of 
Notch-1 and Hes-1 was reduced in the brain tissue 
of the zerumbone-treated group compared to the 
VD group of rats. Moreover, a histopathology study 
reveals that treatment with zerumbone attenuates 
the neuronal injury in the ischemia-induced vas-
cular dementia rats.

Conclusions

In conclusion, treatment with zerumbone protects 
the neuronal injury and ameliorates the cognitive 
function by stimulating the proliferation of endoge-
nous neural stem cells. Moreover, proliferation of neu-
ral stem cells was stimulated in zerumbone-treated 
rats by regulating the Notch signalling.
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