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Abstract
Tripterygium Wilfordii Hook F has been exploited as a treatment for several diseases due to its neuroprotective, anti-tumor, 
and anti-inflammatory effects. Triptolide is one of its key bioactive compounds. Currently, the role of triptolide in cognitive 
dysfunction remains unclear. Here, the role of triptolide on cognitive dysfunction was investigated using chronic cerebral 
hypoperfusion-induced vascular dementia (VD) rat model. SD rats were administrated with Triptolide (5 μg/kg) for 6 weeks 
after undergoing permanent bilateral common carotid artery occlusion. The results show that triptolide treatment conferred 
neuroprotective effects in VD rats. Intraperitoneal injection of triptolide attenuated oxidative stress, learning and memory 
deficits, and neuronal apoptosis in the hippocampi. Moreover, triptolide enhanced the expression of SIRT1, PGC-1α, ZO-1, 
Claudin-5, and decreased the serum levels of NSE and S100B significantly. It also improved CCH-induced learning and 
memory deficits, and this is attributed to its capacity to promote SIRT1/PGC-1α signaling, confer antioxidant effects, and 
inhibit neuronal apoptosis. These findings indicate that triptolide may be an effective therapeutic agent for vascular cogni-
tive dysfunction.
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Introduction

Vascular dementia (VD) is a clinical condition characterized 
by cognitive impairment due to hemorrhagic or ischemic 
cerebrovascular disease [1, 2]. It accounts for 17–25% of 
all dementia cases globally, and is the 2nd most common 
type of dementia [3]. Although the precise cause of VD is 
not well-understood, previous studies have shown that its 
development is closely related to chronic cerebral hypop-
erfusion (CCH) [4]. Several experimental studies indicated 
that chronic cerebral hypoperfusion can be caused by per-
manent bilateral common carotid artery occlusion (BCCAo). 
This principle is used to establish a model upon which inves-
tigations into the molecular mechanisms and pathological 

changes in cognitive dysfunction in VD can be carried out 
[5, 6].

Oxidative stress has been recognized to be one of the 
factors which cause neurodegeneration in vascular demen-
tia and Alzheimer’s disease [7, 8]. During CCH, oxidative 
stress destabilizes the ratio of pro-oxidant systems and 
endogenous antioxidants systems leading to oxidative dam-
age to the phospholipids, nucleic acids and proteins [9]. As 
an intracellular endogenous regulator of oxidative stress and 
mitochondrial energy regulation, peroxisome proliferator-
activated receptor gamma coactivator-1 alpha (PGC-1α) 
plays a critical role in the pathogenesis of neurodegener-
ative diseases [7, 10]. PGC-1α inhibits the NADPH oxi-
dase-induced oxygen free radical release, and up-regulates 
antioxidant enzymes e.g. SOD and GPX1 [11]. A nicotina-
mide-adenine dinucleotide (NAD+)-regulated deacetylase, 
SIRT1, modulates various physiological processes such 
as cellular metabolism, oxidative stress, inflammation and 
senescence [12, 13]. SIRT1 also activates and increases the 
expression of PGC-1α through deacetylation, up-regulates 
antioxidant enzymes, inhibits apoptosis, and reduces oxida-
tive stress-induced cellular injury [14]. Other functions of 
SIRT1 include synaptic plasticity and memory formation, 
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prevention of neurodegeneration and cognitive dysfunction 
[15, 16]. Here, we hypothesized that attenuating oxidative 
stress and neuronal apoptosis by activating SIRT1/PGC-1α 
signaling may improve cognitive dysfunction in rats with 
vascular dementia.

Triptolide is a bioactive diterpene constituent of Trip-
terygium Wilfordii Hook F (a Chinese herb) with low 
molecular weight, high fat solubility and easy to cross the 
blood–brain barrier [17, 18]. It is commonly used to treat 
many diseases because it possesses anti-inflammatory, 
anti-tumor and neuroprotective properties [19–21]. It was 
demonstrated that triptolide can decrease inflammation and 
oxidative stress, and reduce neuronal apoptosis induced by 
LPS [22]. In hippocampal neurons, triptolide increases the 
expression of synaptophysin, deceases β-amyloid produc-
tion, and effectively slows down neuronal degeneration [23, 
24]. However, the effects of triptolide on vascular dementia 
remain elusive.

Here, we hypothesized that triptolide may attenuate oxi-
dative stress and neuronal apoptosis by activating SIRT1/
PGC-1α pathway leading to CCH-induced vascular demen-
tia, an effect that improves the cognitive dysfunction. Thus, 
the permanent bilateral common carotid artery occlusion 
model was used to investigate the protective roles of trip-
tolide on cognitive function.

Materials and Methods

Animals

Male SD rats (6–8 weeks old, weighing 200 ± 20 g, provided 
by the Department of Laboratory Animals of Nanchang Uni-
versity, China) were raised in the experimental animal room 
of Nanchang University Medical College. Rats were fed and 
allowed free access to water in a house with the follow-
ing conditions: temperature (24 ± 2) °C, humidity 30–50%, 
12 h light/dark conditions. All animal handling protocols 
and experiments conformed to the Animal Ethics Commit-
tee of Nanchang University (Nanchang, China) guidelines.

Animal Surgeries

Rat models of vascular dementia were developed via per-
manent bilateral common carotid artery occlusion [6]. Ani-
mals were anesthetized with sodium pentobarbital (60 mg/
kg), injected intraperitoneally, and the head and limbs were 
fixed in supine position. Thereafter, a median incision 
(1.5–2.0 cm) was made after which the muscles and fascia 
were separated. 4-0 silk sutures was used to double-ligate 
the proximal and distal ends of the artery, and the incision 
was sutured after sterilizing. During the surgical procedure, 
the body temperature was regulated by a heating lamp at 

36.0 ± 2 °C. A sham operation was performed using the 
same surgical procedure except for the occlusion of com-
mon carotid arteries.

Animals were randomly allocated into: sham operated 
group (Sham group, n = 12), vascular dementia group (per-
manent bilateral common carotid artery occlusion, VD 
group, n = 12), triptolide ((Sigma, USA) (5 μg/kg/day) treat-
ment group (VD + TPL group, n = 12)), EX527 ((MedChem-
Express, USA) (SIRT1 inhibitor, 5 mg/kg/day) treatment 
group (VD + EX527 group, n = 12)), and Triptolide + EX527 
treatment group (VD + TPL + EX527 group, n = 12). Dime-
thyl sulfoxide (DMSO) (Sigma) was used to dissolve EX527 
and triptolide which were then diluted in 0.9% saline to a 
final DMSO concentration of 1% (v/v). Rats in sham group 
were intraperitoneally injected with triptolide vehicle once 
a day for 6 successive weeks from the second day after 
surgery.

Morris Water Maze

Six weeks after the model was established, the Morris water 
maze test was performed on the animals to assess their spa-
tial memory and learning abilities. The animals were tested 
for swimming 1 day in advance, and each animal was tested 
four times to find the hidden platform. If the rat was strug-
gling or not moving in the water, it would be removed for 
subsequent testing.

On the platform trial days, each rat was trained 4 times 
daily for 4 successive days. Rat were placed in water and 
then allowed 120 s to locate the hidden platform (escape 
latency). For rats that could not find the platform within 
120 s, they were gently guided to the platform and the high-
est score of 120 s was given to such rats. After finding the 
platform, animals remained there for 15 s. 24 h after the last 
platform trial, the platform was subjected to spatial probe 
trial. The rats were then placed in water opposite to the tar-
get quadrant. Thereafter, the duration they stayed in the tar-
get quadrant within 120 s were recorded.

Histological Examination

Immediately after the Morris water maze test, the rats were 
intraperitoneally injected with sodium pentobarbital and 
their blood samples were collected, followed by perfusion 
with 4% paraformaldehyde fixative and 0.9% saline. Subse-
quently, and all brains were collected for subsequent experi-
ments. Whole brain specimens were excised and fixed in 4% 
paraformaldehyde for 24 h before they were embedded in 
paraffin. The specimens were eventually sectioned into 5-μm 
thick slices by a microtome.

To perform immunohistochemistry (IHC) assay, antigens 
were retrieved from the deparaffinized sections by soaking 
them in sodium citrate buffer at 100 °C for 15 min. The 
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specimen were then rinsed with 0.01 M PBS three times 
(5 min for each) before they were treated with 3% hydrogen 
peroxide for 20 min at RT. Thereafter, they were blocked 
with PBS solution containing 10% goat serum for 15 min. 
Next, polyclonal antibodies raised in rabbit against SIRT1 
(Abcam Trading Shanghai Company) were added to the 
specimen and incubated at 4 °C overnight. Subsequently, the 
specimen were washed 3 times (5 min for each) in PBS, and 
then treated with secondary antibodies for 1 h at RT. Finally, 
the horseradish peroxidase (HRP)-conjugated streptavidin 
(Boster, China) was added and the specimen were stained 
with DAB and counterstained with hematoxylin.

For histological analysis, brain tissue sections were depar-
affinized and stained with hematoxylin and eosin (H&E) to 
detect morphological changes. Based on histopathological 
analysis of 3 non-overlapping horizons at ×200 magnifica-
tion, histopathological injury of neurons degeneration was 
evaluated by pleomorphism and hyperchromasia.

TdT‑Mediated dUTP‑Biotin Nick‑end Labeling 
(TUNEL)

The paraffin-embedded brain sections were stained with 
the TUNEL-based cell death assay kits (Roche, Germany) 
according to the manufacturer’s instructions. The percentage 
of TUNEL positive cells in the selected microscopic fields of 
hippocampi were counted and calculated by an investigator 
blinded to the treatment groups.

Enzyme‑Linked Immunosorbent Assay (ELISA)

Immediately after the blood samples were collected, the 
samples were centrifuged at 3000 rpm for 15 min to obtain 
a supernatant. Then, a commercial ELISA kit was used to 
determine the serum levels of S100B and neuron specific 
enolase (NSE) according to the protocols provided by the 
manufacturer (Elabscience, China).

Measurement of SOD Activity and Concentration 
of Malondialdehyde (MDA)

Immediately after the hippocampi were collected, the speci-
mens were homogenized in 10% solution of physiological 
saline, and then centrifuged at 4000 rpm for 15 min to obtain 
a supernatant. The activity of SOD and concentration of 
MDA were assessed by a Thermo Scientific Microplate 
Reader according to the manufacturer’s protocol (Nanjing 
Jiancheng Bioengineering institute, China).

Western Blot

To measure the protein expression, the hippocampi were 
harvested and total proteins were extracted using the 

protocols provided by the manufacturer. The protein con-
centration was determined using the bicinchoninic acid 
method (BCA) kit (Boster). Equal amount of protein sam-
ples (40 μg) were separated on 12% SDS-PAGE gels elec-
trophoresis after which they were transferred to a PVDF 
membrane. 5% (w/v) skim milk in TBST was used to block 
the membrane. Proteins were then incubated overnight at 
4 °C with rabbit polyclonal antibody to SIRT1, PGC-1α, 
ZO-1, Claudin-5 (Abcam Trading Shanghai Company) and 
β-actin (Beijing Golden Bridge Biotech, China), followed 
by HRP-conjugated goat polyclonal secondary antibody 
(Abcam) for 1 h at RT. Finally, the blots were analyzed 
and quantified with a ChemiDoc™ MP System (Bio-Rad 
Laboratories, USA). The densities of the bands were nor-
malized with respect to the values of β-actin.

Data Analysis

Data are presented as mean ± SD. One-way analysis 
of variance (ANOVA) was used to measure differences 
between groups, followed by the post hoc Duncon’s test. 
The two-way ANOVA followed by LSD test was used to 
analyze the MWT data. P values < 0.05 were considered 
to be statistically significant. Data analysis was performed 
using SPSS 13.0 software.

Results

Triptolide Improves the CCH‑Induced Spatial 
Memory and Learning Deficits

As is shown in Fig. 1a, the Morris water maze test was 
performed to determine the effect of triptolide on the 
CCH-induced cognitive impairment at the 7th week 
after surgery. In the swimming test 1 day in advance, 
each animal tried to find the hidden platform and no ani-
mals were removed from subsequent experiment. Data 
showed that the escape latencies of VD rats were mark-
edly longer (43.8 ± 3.1 vs. 15.2 ± 2.5 s) and the rats spent 
shorter duration in the target quadrant relative to Sham 
rats (46.8 ± 3.7 vs. 23.8 ± 2.6 s) from the 3rd day (trial 
day 3 and 4, P < 0.05) (Fig. 1b, c). After treatment with 
triptolide for 6 weeks, the escape latency of VD + TPL 
group was improved (27.7 ± 2.6 vs. 43.8 ± 3.1 s) and the 
duration rats spent in the target quadrant was markedly 
longer (38.8 ± 3.1 vs. 21.0 ± 3.9 s) than that of VD group 
(P < 0.05), suggesting that triptolide may partially promote 
spatial memory and learning impairment caused by CCH. 
However, these improvements were significantly smaller 
in Triptolide + EX527 treatment group (P < 0.05).
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Triptolide Reduces Oxidative Stress, Apoptosis 
and Neuronal Pathology Damage in Rat 
Hippocampus During VD

To determine whether triptolide improves neuropathologi-
cal damage after CCH, the pyramidal neurons in the hip-
pocampal CA1 of rats was examined. Figure 1d showed that 
sections from Sham group showed normal morphological 
structure, while those from VD group and VD + EX527 
group had degenerative changes characterized mainly with 
pleomorphism and hyperchromasia. Triptolide treatment 
for 6 week caused remarkable reduction in degenerative 

changes, which were significantly reversed by EX527 
treatment.

The concentration of MDA and activity of SOD in the 
hippocampus specimens were detected after Morris water 
maze test. As is shown in Fig. 2a, b, the MDA content 
in VD group was significantly higher compared with 
that of Sham group (4.46 ± 0.43 vs. 1.30 ± 0.14 nmol/
mg prot), whereas the SOD activity was decreased 
(142.63 ± 13.56 vs. 54.94 ± 5.88 U/mg prot) (P < 0.05). 
Triptolide treatment for 6  weeks increased the SOD 
activity (97.63 ± 8.27 vs. 54.94 ± 5.88 U/mg prot) and 
decreased the MDA content significantly (2.65 ± 0.23 vs. 

Fig. 1   Triptolide promotes spatial memory and learning deficits trig-
gered by CCH and reduces neuronal degeneration in the hippocampi. 
a Flowchart of the experimental protocol. b, c Spatial memory and 
learning abilities were assessed by Morris Water Maze, escape 
latency was the mean value of each platform trial for 4 consecutive 
days and time the rats spent in target quadrant was measured during 
the probe trials. d Sections of hippocampi underwent HE staining at 

6  weeks after BCCAo. Histopathological injury of neurons degen-
eration was evaluated by pleomorphism and hyperchromasia. Arrow-
heads indicate normal neurons, arrows indicate damaged neurons. 
Values are expressed as mean ± SD, n = 12 rats per group. *P < 0.05 
versus Sham group, #P < 0.05 versus VD group, $P < 0.05 versus VD 
+TPL group
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4.46 ± 0.43 nmol/mg prot) (P < 0.05), suggesting that trip-
tolide suppresses oxidative stress caused by CCH. Inter-
estingly, these antioxidant effects were partially decreased 
in VD + TPL + EX527 group (approx. 40%) (P < 0.05).

Furthermore, the TUNEL assay was used to measure 
apoptosis level in the hippocampi. Data showed that the 
percentage of TUNEL positive cells in the VD + TPL 
group was significantly lower than that in the VD group 
(5.91 ± 0.87 vs. 12.67 ± 1.08%) (P < 0.05), suggesting that 
triptolide can prevent CCH-induced hippocampal neu-
ronal apoptosis. High number of TUNEL-positive cells 
were recorded in VD + TPL + EX527 group relative to 
rats treated with triptolide for 6 weeks (17.05 ± 1.54 vs. 
5.91 ± 0.87%) (P < 0.05) (Fig. 2c, d).

Triptolide Attenuates Blood Brain Barrier (BBB) 
Hyperpermeability Induced by CCH in Rats

To determine whether triptolide can reduce the BBB hyper-
permeability induced by CCH, biomarkers of brain damage 
(S100B and NSE) [25] and tight junction proteins (ZO-1 
and Claudin-5) were measured after the Morris water 
maze test. Figure 3a, b shows that serum concentration 
of S100B (63.98 ± 6.11 vs. 27.32 ± 3.85 pg/ml) and NSE 
(7.51 ± 0.61 vs. 2.27 ± 0.27 ng/ml) were markedly higher 
in VD groups relative to those in Sham group and the pro-
tein level of Claudin-5 and ZO-1 significantly decreased 
(approx. 65%) (P < 0.05). In contrast, triptolide treatment for 
6 weeks decreased the level of the biomarkers and proteins 

Fig. 2   Effect of triptolide on apoptosis, SOD activity, MDA level in 
the hippocampi of rats. a, b The levels of MDA and SOD in Sham 
and experimental groups. c Representative microscopic images of 
TUNEL staining in hippocampal CA1 (magnification: 200×). d 

The percentage of TUNEL positive cells. Values are expressed as 
mean ± SD, n = 3 rats in each group. *P < 0.05 versus Sham group, 
#P < 0.05 versus VD group, $P < 0.05 versus VD +TPL group
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significantly (P < 0.05), indicating that triptolide can attenu-
ate BBB hyperpermeability in VD rats. These results are 
consistent with the antioxidant effects of triptolide but could 
not be observed in VD + TPL + EX527 treatment group.

Triptolide Increases SIRT1 Expression in Rats 
with VD

IHC and western blot assays were performed to examine 
the expression status of SIRT1 in rats with VD. In line with 
the results of IHC assays, the protein level of SIRT1 was 
decreased in VD group compared to Sham group (0.65 ± 0.06 
vs. 0.26 ± 0.04) (P < 0.05) (Fig. 4b, d). After treatment with 
triptolide for 6 weeks, the protein level of SIRT1 increased 
in VD + TPL group (0.43 ± 0.06 vs. 0.26 ± 0.04) (P < 0.05). 
Moreover, in contrast with triptolide-induced SIRT1 over-
expression, we observed statistically significant difference 
in the SIRT1 expression between VD + TPL group and 
VD + TPL + EX527 group (0.43 ± 0.06 vs. 0.22 ± 0.02) 

(P < 0.05). These findings imply that triptolide abolishes 
the CCH-induced decrease in SIRT1 expression.

Triptolide Regulates PGC‑1α and Apoptosis Through SIRT1 
Signaling

The expression of PGC-1α and apoptosis-related proteins 
were further evaluated. The protein levels of PGC-1α and 
Bcl-2 were significantly deceased in VD group, whereas 
the levels of Caspase-3 and Bax were increased (P < 0.05) 
(Fig. 4d). The levels of PGC-1α and Bcl-2 were significantly 
higher in VD + TPL group compared with VD group. Addi-
tionally, the levels of Bax and Caspase-3 were lower in VD 
group compared to VD + TPL group (P < 0.05). However, 
TPL + EX527 treatment decreased PGC-1α expression and 
abolished the inhibitory effects of triptolide on apoptosis 
in VD + TPL group. These results suggest that triptolide 
attenuates CCH-induced neuronal apoptosis and oxidative 
stress through SIRT1 signaling.

Fig. 3   Effect of triptolide on 
serum NSE and S100B levels, 
and the expression of Claudin-5 
and ZO-1 in rats. a, b Serum 
NSE and S100B concentration 
in sham and experimental group 
were measured by ELISA. c 
Western blot assay for ZO-1 
and Claudin-5 expression. 
d, e Quantitative analysis of 
Claudin-5 and ZO-1 expression, 
the densities of the bands were 
normalized with respect to the 
values of β-actin. Values are 
expressed as mean ± SD, n = 6 
rats in each group. *P < 0.05 
versus Sham group, #P < 0.05 
versus VD group, $P < 0.05 
versus VD +TPL group
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Discussion

This is the first study revealing that triptolide improves 
chronic cerebral hypoperfusion-induced vascular dementia 
by regulating oxidative stress signaling. Triptolide treatment 
decreased ROS levels by activating SIRT1/PGC-1α pathway. 
Moreover, triptolide decreased blood–brain barrier hyper-
permeability by promoting the expression of tight junc-
tion proteins (Claudin-5 and ZO-1). In addition, triptolide 
treatment exerted a therapeutic effect on vascular cognitive 
dysfunction following chronic cerebral hypoperfusion. This 
effect was attributed to the inhibitory effect of triptolide on 
oxidative stress which increased the level of tight junction 
proteins, SIRT1, and PGC-1α.

Central inflammation and oxidative stress are the two 
main mechanisms in the early stages of BCCAo-induced 
brain injury, leading to vascular endothelial cell injury, 
intracellular calcium overload, mitochondrial dysfunction 
and elevated pro-inflammatory factors. Meanwhile, sev-
eral experimental studies indicated that cognitive impair-
ment and neurodegeneration became apparent beginning at 

4–6 weeks after BCCAo [26–28], and degenerated neurons 
after CCH may be caused by cholinergic dysfunction and 
severe oxidative stress. Furthermore, oxidative stress may 
damage glial cells, neuronal and vessel endothelia, thereby 
enhancing neuronal apoptosis, BBB hyperpermeability, 
neuronal degeneration and neurovascular uncoupling, all of 
which may cause vascular dementia [29]. It was reported 
that antioxidant therapy has a neuroprotective effect due to 
its capacity to decrease ROS levels and increase antioxi-
dant enzymes levels [10, 11]. Superoxide dismutase (SOD) 
plays antioxidant roles. On the other hand, malondialdehyde 
(MDA) is produced by lipid peroxidation and oxygen free 
radicals. The concentration of SOD and MDA can reflect the 
oxidative stress level of brain. Central nervous system injury 
is often accompanied by nervous tissue and cellular damage, 
decreased tight junction proteins (Claudin-5 and ZO-1) and 
high levels of biomarkers of brain damage (NSE and S100B) 
in cells, cerebrospinal fluid and blood [30]. In this study, the 
level of MDA was elevated while that of SOD was reduced 
in rats with VD. Moreover, impaired memory and learning 
abilities together with increased BBB hyperpermeability 

Fig. 4   Triptolide regulates PGC-1α and apoptosis through SIRT1. a 
Representative IHC staining microscopic images of SIRT1 protein in 
hippocampal CA1. b IHC staining for SIRT1 protein. c Protein bands 
of SIRT1, PGC-1α, Bcl-2, Bax, Caspase-3 and β-actin. d The protein 

levels of Caspase-3, Bax, Bcl-2, PGC-1α and SIRT1 were calculated 
as % of the β-actin expression. Values are expressed as mean ± SD. 
n = 6 rats in each group, *P < 0.05 versus Sham group, #P < 0.05 ver-
sus VD group, $P < 0.05 versus VD +TPL group
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and neuronal degeneration were observed. These data indi-
cate that the imbalance between antioxidant species and the 
production of ROS may lead to cognitive dysfunction and 
increased BBB hyperpermeability in VD.

Triptolide is one of the most bioactive constituents of 
Tripterygium Wilfordii Hook F extracts. It is exploited as a 
drug for several diseases. In the recent past, triptolide has 
been shown to modulate inflammatory responses [31] and 
oxidative stress imbalance [18, 32], indicating that triptolide 
may serve as an antioxidative agent in vascular dementia. 
Here, the permanent bilateral common carotid artery occlu-
sion condition was used to model oxidative stress and cogni-
tive dysfunction. Consistent with previous studies, triptolide 
treatment decreased MDA levels, increased the activity of 
SOD and improved the learning and memory ability in VD 
rats, indicating an antioxidative role of triptolide in VD rats. 
In addition, triptolide decreased the levels of S100B and 
NSE and increased the expression of tight junction proteins 
(Claudin-5 and ZO-1) suggesting that triptolide can allevi-
ate BBB hyperpermeability. Further western blot, TUNEL 
assays and HE staining showed that triptolide prevented neu-
ronal apoptosis and neurodegeneration.

Numerus studies have demonstrated that SIRT1 (a nic-
otinamide-adenine dinucleotide-regulated deacetylase) has 
some therapeutic effects in neurodegenerative diseases [15, 
30]. PGC-1α is a SIRT1-deacetylating protein that medi-
ates oxidative stress in response to VD and AD [16, 33]. 
SIRT1 activates and increases PGC-1α expression by reduc-
ing the acetylation of PGC-1α. In turn, activated PGC-1α 
up-regulates the expression of antioxidant enzyme. In this 
study, we found the protein level of SIRT1 and PGC-1α were 
significantly decreased after CCH in Sham group, while 
triptolide treatment increased SIRT1 expression in VD rats, 
which increased the levels of PGC-1α and SOD. Moreover, 
these effects were partially abolished by SIRT1 inhibitor 
EX527, implying that triptolide decreases the levels of oxi-
dative stress in the hippocampi during CCH by regulating 
the SIRT1/PGC-1α pathway. By doing so, it decreases the 
expression of Caspase-3, increases Bcl-2/Bax ratio, and 
reduces hippocampal neuronal apoptosis. Therefore, these 
results indicate that triptolide reduces oxidative stress, neu-
ronal apoptosis and neuronal degeneration in rats with vas-
cular dementia by regulating the SIRT1/PGC-1α pathway.

However, the present study has several limitations. It 
has been reported that nuclear factor kappa B pathway, the 
energy sensing AMPK signaling pathways and some other 
oxidative stress-related pathways are possibly associated 
with vascular cognitive dysfunction [26, 34], besides, trip-
tolide has been shown to modulate inflammatory responses 
and oxidative stress in several previous studies, while we 
only discussed PGC-1α-mediated oxidative stress that 
may be involved in the progression of VD. Future experi-
ments should delve deeper into other signaling pathways or 

mechanisms associated with vascular dementia. Second, in 
this study, we used 6–8 weeks old of SD rats to establish a 
VD model. Based on evidence from the literature [28, 35, 
36], neuronal degeneration in long-term VD models was 
more likely to be observed in adult (8–12 weeks old) rats. 
Future experiments should use adult rats to establish a model 
of vascular dementia. Third, the experiments in this study 
were performed in vivo, so further researches on the mecha-
nism of protective effect of triptolide on hippocampal neu-
rons are needed in vitro. Nevertheless, this study proposes 
new insights into the protective effects of triptolide on cogni-
tive dysfunction in rats with vascular dementia.

In conclusion, this is the first report showing that trip-
tolide significantly promotes the expression of SIRT1 in 
cognitive function and reduces BBB hyperpermeability in 
rats with vascular dementia. These effects were due to its 
antioxidant effects. The findings of this study demonstrate 
that triptolide may be a promising treatment for vascular 
dementia.
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