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Objective: The aim of this study is to analyze the effects of acupuncture on peripheral
immune function, inflammation, and cognitive impairment in vascular dementia (VD) rats.

Methods: In this study, 2-month-old healthy male Wistar rats (260–280 g) were
assigned to the groups as follows: normal group (Gn, n = 10), sham-operated group
(Gs, n = 10), and operated group (Go, n = 45). The Go group was established by
permanent, bilateral common carotid artery occlusion (BCCAO). Two months after
operation, the operated rats were screened by hidden platform trial and the rats with
cognitive dysfunction were further randomly divided into impaired group (Gi), acupoint
group (Ga), and non-acupoint group (Gna) with 10 rats in each group. The Ga group
was given acupuncture treatment for 14 days with a rest for every 7 days. After
treatment, the Morris water maze (MWM) test was performed to evaluate the spatial
learning and memory abilities of rats. The lymphocyte subsets in peripheral blood and
spleen of rats were measured by flow cytometry. The levels of cytokines [i.e., interleukin
(IL)-1β, IL-2, IL-4, IL-10, tumor necrosis factor-α (TNF-α), and interferon-γ (INF-γ)],
chemokines (i.e., macrophage inflammatory protein-2 (MIP-2)), and other inflammatory
mediators (i.e., cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS)) in
peripheral blood and hippocampus were measured by enzyme linked immunosorbent
assay (ELISA).

Results: Compared with the Gn group, the Gi rats presented long escape latencies to
find the platform. After acupuncture treatment, the escape latencies of the Ga group
were rescued markedly when compared with the Gi group (P < 0.05). The proportion
of CD4 + T lymphocytes in both spleen and peripheral blood in the Ga group increased
(P < 0.05) in comparison with the Gi group. There is an obvious reduction in IL-1β

(P < 0.05), IL-2 (P < 0.05), TNF-α (P < 0.01), INF-γ (P < 0.01), MIP-2 (P < 0.05), and
iNOS (P < 0.01), coming along with the increased levels of IL-4 and IL-10 (P < 0.01)
in the Ga group when compared with the Gi group. In addition, the hippocampus
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proinflammatory factors IL-1β (P < 0.01), IL-2 (P < 0.01), TNF-α (P < 0.05), INF-γ
(P < 0.05), MIP-2 (P < 0.05), iNOS (P < 0.01), and COX-2 decreased in the Ga group,
whereas the anti-inflammatory factors IL-4 and IL-10 (P < 0.01) increased.

Conclusion: There are abnormal immune function and peripheral inflammation in VD
rats. Acupuncture can regulate the peripheral immune function and inflammation of the
VD rats and can improve the cognitive dysfunction of the rats.

Keywords: vascular dementia, cognitive function, acupuncture, inflammation, immune cell, immunomodulatory

INTRODUCTION

Vascular dementia (VD) is a serious cognitive dysfunction
syndrome caused by cerebrovascular disease, which is the
second most common type of dementia after Alzheimer’s disease
(O’Brien and Thomas, 2015). The epidemiological data show
that the incidence of VD is 0.98% in 71- to 79-year-old people
and 4.09% in 80- to 89-year-old people (Plassman et al., 2007).
However, in reality, vascular factors may have a greater impact
on dementia, since some dementia-related infarcts are difficult to
identify in the clinic (Smith, 2017).

In the clinic, dementia caused by ischemic brain damage is the
most common type (Venkat et al., 2015). In this study, we used
the bilateral common carotid artery occlusion (BCCAO) method
to establish the VD rat model, which may be more stable and
reliable to study the physiopathological mechanisms of cognitive
impairment related to chronic cerebral ischemia (Zhang et al.,
2014). The long-term decrease in cerebral blood flow caused
by the ligation of bilateral common carotid arteries (BCCAs),
resulting in a series of pathological changes similar to VD, such
as the sparsity of brain white matter (Cho et al., 2017; Nyitrai
et al., 2018), hippocampus and cortex damage (Mori et al., 2017;
Nyitrai et al., 2018), increased inflammation (Hei et al., 2018;
Ranjithkumar et al., 2019), microglia activation (Yuan-Cheng
et al., 2018; Impellizzeri et al., 2019), oxidative stress (Zhang et al.,
2017), and blood–brain barrier damage (Edrissi et al., 2016). In
addition, cognitive impairment is the core symptom of dementia.
Some behavioral tests also prove that the BCCAO model has poor
performance in the eight-arm maze, Morris water maze (MWM),
elevated T-maze, Y-maze, and object recognition test (Venkat
et al., 2015), indicating that the model has a cognitive impairment
such as learning and memory.

In the pathological process of ischemic brain damage and
hypoxemia–hypoperfusion dementia, the chronic hypoperfusion
and thromboembolism events can cause a decrease in cerebral
blood flow, hypoxia, oxidative stress, and inflammatory reaction
and, finally, can cause a cognitive impairment (Venkat et al.,
2015). More recently, some studies have demonstrated that
neuroinflammation plays a critical role in the pathophysiology
of ischemic brain damage (Iadecola, 2010). According to the
knowledge of the past, peripheral immune cells cannot enter the
central nervous system due to the existence of the blood–brain
barrier. However, more recent observations have supported that
peripheral inflammation and abnormal immune function may
aggravate neuroinflammation and promote neuron damage (An
et al., 2014; Prinz and Priller, 2017). A typical example is that a
peripheral inflammation induced by the intraperitoneal injection

of lipopolysaccharide (LPS) can cause immune activation and
neuroinflammation in the brain, and even cognitive impairment
(Zakaria et al., 2017; Harland et al., 2020). Another example
is that mice, lacking peripheral T cells, manifest cognitive
dysfunction (Kipnis et al., 2004). These findings suggested that
peripheral inflammation and immune dysfunction may have the
adverse effects on the function of the central nervous system and
may lead to the changes in cognitive function (Doyle et al., 2015;
Prinz and Priller, 2017). At present, several studies have shown
that the peripheral inflammation and immune function and the
inflammation levels of patients with VD are abnormal (Guoping
et al., 2015; Busse et al., 2017; Shang et al., 2018), while correcting
the abnormalities of peripheral inflammation and immune
function in patients with VD may help improve the cognitive
function. Some drugs used in the treatment of Alzheimer’s disease
have entered the clinical trials to modulate peripheral immune
system and to improve peripheral inflammation (Dionisio-Santos
et al., 2019); however, research on the peripheral immune system
of VD is still rare.

Lots of evidence showed that acupuncture has
immunomodulatory and anti-inflammatory effects (Zhao
et al., 2015; Wan et al., 2016; Chen et al., 2017) and it has a
certain curative effect on VD (Yu et al., 2006; Peng et al., 2007;
Shi et al., 2012). However, the mechanism of acupuncture for
VD has not been fully clarified. Existing research shows that
acupuncture may improve cognitive impairment and protect
neurons by enhancing antioxidant capacity (Wang et al., 2015),
reducing the inflammation in the hippocampus (Fang and Sui,
2016), improving the energy metabolism level of brain tissue
(Zhao et al., 2011), and promoting the angiogenesis of the
hippocampus (Cai et al., 2015). There is no study to observe
the regulation of acupuncture on peripheral immune function
of the VD animals until now, and the relationship between
acupuncture-induced peripheral immune phenotype changes
and VD cognitive dysfunction is still unknown.

Therefore, we proposed a hypothesis that acupuncture
treatment can improve the peripheral immune function and
inflammation of VD, which may partially explain the therapeutic
effect of acupuncture.

MATERIALS AND METHODS

Experimental Animals
In this study, 2-month-old healthy male Wistar rats (260–280 g)
were randomly divided into normal group (Gn, n = 10), sham-
operated group (Gs, n = 10), and operated group (Go, n = 45).
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After 1 week of acclimation, the VD model was established
by permanent BCCAO (i.e., 2VO). Before the operation, the
rats were anesthetized intraperitoneally with 40 mg/kg of
pentobarbital sodium. After the BCCAs were exposed through a
neck median incision, we lightly separated them from the vagus
nerve and then ligated the bilateral blood vessels with a 4–0 silk
thread. After ligation, the skin incision was sutured, the iodophor
was disinfected, and a 0.2 ml of gentamicin sulfate (i.e., 40 mg/ml)
injection was sprayed locally to prevent wound infection. In the
Gs group, the same operation was performed with the exception
of arterial ligation. Throughout the surgery process, the operation
was as gentle as possible to reduce the pain of the animal.

All animal experiments were performed by the guidelines
of the Committee for Animal Care at Tianjin University of
Traditional Chinese Medicine. Every effort had been made to
minimize the number and suffering of the experimental animals.

Acupuncture Manipulation
Two months after operation, the hidden platform trial of the
MWM test was used to screen the operated rats. The screening
ratio (SR) was calculated according to the formula as follows:
SR = (the total mean escape latency of Go on the fifth day –
the total mean escape latency of Gn on the fifth day)/the
total mean escape latency of Gn on the fifth day × 100%.
The SR which is higher than 20% was considered as the rats
with cognitive dysfunction. The rats with cognitive dysfunction
(n = 30) were further randomly divided into impaired group
(Gi, n = 10), acupoint group (Ga, n = 10), and non-acupoint
group (Gna, n = 10). The Ga group was given acupuncture
treatment (with needles of 0.25 × 4.0 mm, Hwato, China) for
30 s. Acupuncture treatment was performed in the location of
points [i.e., Tangzhong (CV17), Zhongwan (CV12), Qihai (CV6),
Zusanli (ST36), and Xuehai (SP10)] as described in Table 1.
The Gi rats were grasped with the same amount of time and
the same extent of strength as that in the Ga group. In the

TABLE 1 | Acupuncture points and their anatomical positions.

Points Anatomical positions Time(s)

Tangzhong (CV17) On the anterior median line of the chesty, at the
level of the fourth intercostal space

30

ZhongWan (CV12) On the anterior median line of the upper abdomen,
10 mm below the xiphosternal synchondrosis

30

Qihai (CV6) On the anterior median line of the lower abdomen,
4 mm below the umbilicus

30

Xuehai (SP10) On the medal aspect of the thigh when the knee is
flexed 4 mm above the mediosuperior border of the
patella, on the bulge of the medial portion of m
quadriceps femoris

30

Zusanli (ST36) Three millimeters below head of fibula under knee
joint, and 1 mm from the anterior crest of the tibia

30

Non-acupoints On the hypochondrium, 3 mm above iliac crest 105

Gna group, the rats were stimulated at sham sites, not related
to any traditional acupuncture point, which are located at the
hypochondrium on both sides of the body (i.e., 3 mm above the
iliac crest) for 105 s per location (i.e., 210/2 = 105), to maintain
the same stimulation techniques and time as performed in the
Ga group. The treatment was continued for 14 days with a
rest for every 7 days. The specific experimental steps are shown
in Figure 1.

Morris Water Maze Test
After treatment for 14 days, the MWM test was performed
to evaluate the spatial learning and memory abilities of rats.
The MWM is a circular device (i.e., 150 cm in diameter and
50 cm in height) filled with water, and the temperature of the
water was maintained at 22 ± 1◦C. The water surface was
divided into four quadrants of equal size, and four starting
positions were located in the middle of each quadrant at the
edge of the tank.

The MWM test includes four stages, namely, hidden platform
trial, probe trial, reversal trial, and visible platform trial. Before
the hidden platform trial, a circular platform (i.e., 10 cm in
diameter and 30 cm in height) was placed in the center of
any quadrant and submerged 2 cm below the water surface.
The rats were allowed to swim freely in the pool to familiarize
themselves with the environment for two times. During the
hidden platform trial, the rats were placed into the water from
one of the four starting positions to find the platform. The
order of the start locations was varied, and any given sequence
was not repeated on the days of the acquisition phase. The
rats should find the platform within 90 s, and the escape
latency was recorded. If the rats failed to locate the platform
within 90 s, they would be placed on the platform for 10 s
to get familiar with the environment and the escape latencies
of 90 s were recorded. All rats were trained two times a day
for 4 days, and the average escape latency of each day was
statistically analyzed.

At the end of the hidden platform trial, the probe trial was
performed immediately with the platform removed. The rats
were allowed to swim freely in the pool for 60 s, and the
latencies of the first target-site crossover, time in the middle
annulus, and the number of crossings over the former platform
location was recorded.

During the reversal trial, the platform was moved to the
opposite quadrant of the hidden platform trial. The rats were
trained two times a day for 3 days, and the training methods were
the same as the hidden platform trial.

All the rats performed the visible platform trial on the last day
with the platform 2 cm above the water surface. The experimental
process of the visible platform trial was the same as the probe trial.

Flow Cytometry
After the MWM test, the rats were fasted for 12 h and then
anesthetized intraperitoneally with 40 mg/kg of pentobarbital
sodium. Then, the peripheral blood was collected with the
ethylenediaminetetraacetic acid tube, Hebei Xinle Science &
Technology Company, Hebei, China for the flow cytometry
and ELISA. At the same time, the spleen and hippocampus

Frontiers in Aging Neuroscience | www.frontiersin.org 3 July 2021 | Volume 13 | Article 706834

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-13-706834 July 19, 2021 Time: 14:51 # 4

Pan et al. Acupuncture Treatment of Vascular Dementia

FIGURE 1 | Detailed time course schema of experiments.

tissues were also collected for further analysis. Erythrocytes
were lysed two times with red blood cell lysis buffer (Solarbio,
Beijing, China) for 15 and 10 min and then suspended two
times with 1 × phosphate-buffered saline (PBS) to purify
the cells. Spleens were collected as soon as possible and
homogenized with the plunger of a syringe. The single-cell
suspension was obtained by using a 300-µm cell filter. Then,
cell suspensions were centrifuged at 300 × g for 10 min at
room temperature and then resuspended in 3 ml of 1 × PBS.
Erythrocytes were treated with red blood cell lysis buffer and
washed two times with 1 × PBS. Finally, suspensions were
resuspended in the appropriate volume of 1 × PBS, and the
final concentration was approximately 1 × 106 cells/ml and
calculated by using the cell counting plate and a microscope,
Olympus Corporation, Tokyo, Japan. The flow cytometry
tubes were divided into negative isotype control and sample
tubes with 100 µl of single-cell suspension in each tube.
According to the instructions of the kit, APC-CD3 (BD
Biosciences, Chicago, Illinois, United States), FITC-CD4
(BD Biosciences, Chicago, Illinois, United States), PE-CD8a
(BD Biosciences, Chicago, Illinois, United States), and PE-
CyTM7-CD45 (BD Biosciences, Chicago, Illinois, United States)
were added into the sample tubes, and also PE-CyTM7-CD45
and T/B/NK Cell Cocktail (BD Biosciences, Chicago, Illinois,
United States) were added into the isotype control tubes. After
vortexed and incubated at room temperature away from the
light for 20 min, each tube was added with 2 ml of 1 × PBS
solution and centrifuged at 450 × g for 5 min. Then, the
cells in the lower layer were collected, washed two times, and
suspended in 1 × PBS solution, and subsequently analyzed by
using flow cytometry within 1 h after staining. Lymphocytes
were gated by sideward scatter and PE-CyTM7-CD45. At least
15,000 gated events were collected using FACSCalibur (BD
Biosciences, United States). The data were analyzed using
FlowJo X (BD Biosciences, Ashland, Oregon, United States)
software. The flow cytometry gating scheme for detecting
each lymphocyte subgroup is shown in this figure. First of
all, according to the physical properties of lymphocytes, the
lymphocyte gate is set up according to the parameters of forward
scatter and sideward scatter, and then, the lymphocyte gate
(A) is further confirmed by SSC/CD45, second, to analyze
the cells in the gate, the proportion of T cells (CD3 + cells)
is determined by CD3/CD45, the proportion of B cells (CD3-
CD45RA + cells) is determined by CD3/CD45RA, and the
proportion of NK cells (CD3-CD161a + cells) is determined by

CD3/CD161a (B), and finally, the proportion of CD3 + CD4 + T
cells (CD3 + CD4 + cells) was determined by CD3/CD4, and the
proportion of CD3 + CD8 + T cells (CD3 + CD8 + cells) was
determined by CD3/CD8 (C).

ELISA
The peripheral blood of rats (n = 5) was centrifuged at
1,500 × g for 10 min at 4◦C. The serum was separated and
stored at −80◦C until use. The hippocampus was homogenized
with 1 × PBS and centrifuged at 3,000 × g for 10 min
at 4◦C, and then, the supernatant was stored at −80◦C for
further analysis. According to the protocols of the ELISA kit
(IBL International, Germany), the levels of interleukin IL-1β,
IL-2, IL-4, IL-10, TNF-α, INF-γ, MIP-2, COX-2, and iNOS
were detected.

Statistical Analysis
All the data were processed with the SPSS (IBM Corporation,
Chicago, Illinois, United States) 17.0 statistical software. The
data were expressed as mean ± SEM. The data of the hidden
platform trial and reversal trial were analyzed by the two-way
repeated-measure ANOVA with the least significant difference
(LSD). The comparison between groups was performed using
the one-way ANOVA with LSD. P < 0.05 was considered
statistically significant.

RESULTS

Acupuncture Ameliorated the Cognitive
Disabilities of VD Rats
As shown in Figure 2A, there were no significant differences
in escape latency between the Gn and Gs groups (P > 0.05),
suggesting that the operation did not affect the learning and
memory ability of rats. Compared with the Gn group, the
operated rats presented long escape latencies to find the platform
(P < 0.01), indicating that the learning and cognitive function
of operated rats was impaired. After acupuncture treatment, the
escape latencies of the Ga group were rescued markedly when
compared with the Gi group (P < 0.01). During the whole
training process, the escape latency of the Gna group was higher
than that of the Ga group (P < 0.05).

In the probe trial, both the time spent in the former platform
quadrant and the number of crossing over the former platform
location are showed in Figures 2C,D.
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FIGURE 2 | Acupuncture improved the spatial learning and memory ability of VD mice in the Morris water maze. (A) Escape latency of each group in the hidden
platform trial. (B) Escape latency of each group in the reversal trial. (C) Time spent in the former platform quadrant in the probe trial. (D) The number of crossing over
the former platform location in the probe trial. (E) Escape latency of each group in the visible platform. The data are expressed as the mean ± SEM (n = 10).
*P < 0.05, **P < 0.01, vs. Gn group; #P < 0.05, ##P < 0.01, vs. Gs group; MP < 0.05, MMP < 0.01, vs. Ga group. Gn, normal group; Gs, sham-operated group;
Gi, impaired group; Ga, acupoint group; Gna, non-acupoint group.

No obvious differences were found between the Gn and Gs
groups (P > 0.05). The time of staying in the quadrant of the
original platform of the Gi group was significantly shorter than
that of the Gn group (P < 0.01), and the times of crossing
the original platform were also less than that of the Gn group
(P < 0.05). The retention time of the former platform of the Ga
group was much longer than that of the Gi group (P < 0.05).
Similar results were obtained from the former platform crossings
between the two groups. There were no significant differences
between the Gna and Gi groups (P > 0.05).

Figure 2B shows the time of finding the hidden platform
(i.e., in a different quadrant than the one used in the original
platform). The results showed that the time of searching for
the hidden platform in the Gi and Gna groups was significantly
longer than that in the Ga, Gn, and Gs groups (P < 0.05).

In the visible platform trial, there were no significant
differences in escape latency among the five groups (P > 0.05)
(Figure 2E), indicating that the above experiments were not
affected by the difference in motivation and motor skills and
could objectively reflect the cognitive function of rats.

Acupuncture Can Improve the Peripheral
Immune Function of VD Rats
We studied whether acupuncture affected the proportion
of lymphocyte subsets in peripheral blood and spleen. The
flow cytometry gating scheme for detecting each lymphocyte
subgroup is shown in Figure 3. The flow cytometric analysis

showed that there were no differences in the proportion of
lymphocytes in peripheral blood and spleen between the Gs
and Gn groups (P > 0.05), suggesting that operation did not
affect the proportion of lymphocyte subsets in rats. As shown
in Figures 4, 5, the proportion of T lymphocytes and CD4 + T
lymphocytes in peripheral blood and spleen of the Gi group was
significantly lower than that of the Gn and Gs groups (P < 0.05),
while the proportion of B lymphocytes in the spleen of the Gi
group was significantly higher than that of the Gn and Gs groups
(P < 0.01), indicating that the peripheral immune function of VD
rats was abnormal.

Besides, the proportion of CD4 + T lymphocytes in both
spleen and peripheral blood in the Ga group increased (P < 0.05)
compared with the Gi group. The proportion of CD4 + T
lymphocytes in both spleen and peripheral blood in the Ga group
was lower than that in the Gn group, and there were no significant
differences between the two groups, but the proportion of
CD4 + T lymphocytes in the Ga group showed an upward trend.
There were no significant differences between the Gs and Gna
groups (P > 0.05), suggesting that the acupuncture points were
of therapeutic specificity.

Acupuncture Regulates the Expression
of Peripheral Inflammatory Factors in VD
Rats
To verify the peripheral inflammatory level of VD rats and the
effect of acupuncture on them, the serum cytokines (i.e., IL-1β,
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FIGURE 3 | The flow cytometry gating scheme for detecting each lymphocyte subgroup is shown in this figure. First of all, according to the physical properties of
lymphocytes, the lymphocyte gate is set up according to the parameters of forward scatter and sideward scatter, and then, the lymphocyte gate (A) is further
confirmed by SSC/CD45, second, to analyze the cells in the gate, the proportion of T cells (CD3 + cells) is determined by CD3/CD45, the proportion of B cells
(CD3-CD45RA + cells) is determined by CD3/CD45RA, and the proportion of NK cells (CD3-CD161a + cells) is determined by CD3/CD161a (B), and finally, the
proportion of CD3 + CD4 + T cells (CD3 + CD4 + cells) was determined by CD3/CD4, and the proportion of CD3 + CD8 + T cells (CD3 + CD8 + cells) was
determined by CD3/CD8 (C).

IL-2, IL-4, IL-10, TNF-α, and INF-γ) and other inflammatory
mediators (i.e., COX-2 and iNOS) of each group were detected
by ELISA (Figure 6). There were no significant differences in
serum cytokines and inflammatory mediators between the Gs and
Gn groups (P > 0.05), indicating that operation did not affect
the serum inflammatory level in rats. As shown in Figure 6,
the cytokines of IL-1β, IL-2, TNF-α, INF-γ, and MIP-2 and the
inflammatory mediators of COX-2 and iNOS in the serum of the

Gi group increased remarkably, while IL-4 and IL-10 decreased,
which showed significant differences when compared with Gn
and Gs groups (all P < 0.01). All the results prompted that
VD rats have a higher level of inflammation. After acupuncture
treatment, there is a significant reduction in IL-1β (P < 0.05),
IL-2 (P < 0.05), TNF-α (P < 0.01), INF-γ (P < 0.01), MIP-2
(P < 0.05), and iNOS (P < 0.01), coming along with the
increased levels of IL-4 and IL-10 (P < 0.01) in the Ga group
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FIGURE 4 | Effect of acupuncture on peripheral blood lymphocyte subsets. The data are expressed as the mean ± SEM (n = 10). **P < 0.01, vs. Gn group;
#P < 0.05, ##P < 0.01, vs. Gs group; MP < 0.05, MMP < 0.01, vs. Ga group. Gn, normal group; Gs, sham-operated group; Gi, impaired group; Ga, acupoint group;
Gna, non-acupoint group.

FIGURE 5 | Effect of acupuncture on splenic lymphocyte subsets. The data are expressed as the mean ± SEM (n = 10). *P < 0.05, **P < 0.01, vs. Gn group;
#P < 0.05, ##P < 0.01, vs. Gs group; MP < 0.05, MMP < 0.01, vs. Ga group. Gn, normal group; Gs, sham-operated group; Gi, impaired group; Ga, acupoint group;
Gna, non-acupoint group.
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FIGURE 6 | Effect of acupuncture on the levels of related inflammatory mediators in serum. The data are expressed as the mean ± SEM (n = 5). **P < 0.01, vs. Gn
group; #P < 0.05, ##P < 0.01, vs. Gs group; MP < 0.05, MMP < 0.01, vs. Ga group. Gn, normal group; Gs, sham-operated group; Gi, impaired group; Ga, acupoint
group; Gna, non-acupoint group.

compared with the Gi group. To sum up, acupuncture treatment
has the potential to decrease the level of serum inflammatory
factors and to relieve the inflammatory reaction in VD rats.
Also, due to the specificity of acupuncture points, there were
no significant differences between the Gi and Gna groups
(P > 0.05).

Acupuncture Can Reduce Inflammatory
Factors in the Hippocampus of VD Rats
The levels of cytokines (i.e., IL-1β, IL-2, IL-4, IL-10, TNF-α,
and INF-γ), chemokines (i.e., MIP-2), and other inflammatory
mediators (i.e., COX-2 and iNOS) in the hippocampus were
detected by the ELISA kits (Figure 7). There were no significant
differences in all indexes between the Gs and Gn groups
(P > 0.05), excluding the effect of the operation on the level
of hippocampal inflammation in rats. Compared with the Gn
and Gs groups, the levels of cytokines, such as IL-1β, IL-2,
TNF-α, INF-γ, MIP-2, COX-2, and iNOS, in the hippocampus
in the Gi group were increased, while IL-4 and IL-10 were
decreased (all P < 0.01), which were similar to the results of

serum cytokines. It further suggested that there was inflammation
in VD rats. However, compared with the Gi group, the
hippocampal proinflammatory factors in the Ga group IL-
1β (P < 0.01), IL-2 (P < 0.01), TNF-α (P < 0.05), INF-γ
(P < 0.05), MIP-2 (P < 0.05), iNOS (P < 0.01), and COX-2
were decreased after acupuncture treatment, whereas the anti-
inflammatory factors IL-4 and IL-10 (P < 0.01) were increased,
indicating that acupuncture could improve the inflammation in
the hippocampus of VD rats. This effect was not observed in the
Gna group compared with the Gi group (P > 0.05), indicating the
specificity of acupuncture.

DISCUSSION

Currently, there is no specific drug for VD (Sun, 2018), as
a treatment option, acupuncture shows its potential in the
treatment of VD (Liu et al., 2014). In this study, we confirmed
that acupuncture treatment could improve the cognitive
impairment of the VD rats. Moreover, we also found that
there are abnormalities of peripheral inflammation and immune
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FIGURE 7 | Effect of acupuncture on the levels of related inflammatory mediators in the hippocampus. The data are expressed as the mean ± SEM (n = 5).
**P < 0.01, vs. Gn group; #P < 0.05, ##P < 0.01, vs. Gs group; MP < 0.05, MMP < 0.01, vs. Ga group. Gn, normal group; Gs, sham-operated group; Gi, impaired
group; Ga, acupoint group; Gna, non-acupoint group.

function in the VD rats, and acupuncture can regulate this
abnormality.

Specifically, on the one hand, we found that the proportion
of T cells and CD4+ helper T cells in the peripheral blood and
spleen of the Gi group decreased in varying degrees, accompanied
by the decrease in the ratio of CD4/CD8, which means that
there is an abnormal immune function in the VD rats. T
lymphocyte plays a key role in cell-mediated adaptive immunity.
Lots of evidence supported the involvement of T lymphocytes in
neuroinflammation and brain injury after ischemia (An et al.,
2014). The abnormal function of CD4 + T cells may lead
to serious cognitive impairment (Jeon et al., 2016), and some
clinical evidence (Busse et al., 2017) has also proven that the
proportion of T cells and CD4+ helper T cells decreased in
the peripheral blood of patients with VD. Combined with our
results, we speculated that adaptive immunity may be involved

in the pathological process of cognitive impairment after cerebral
ischemia, especially T cells and CD4+ helper T cells. However,
after the acupuncture treatment, the proportion of T cells and
CD4+ helper T cells increased to a certain extent, and the
cognitive impairment was improved. This indicates that the
therapeutic effect of acupuncture may be related to T cells and
CD4+ helper T cells. Some animal studies have also shown that
T cells and CD4+ helper T cells contribute to nerve repair and
neurogenesis (Brait et al., 2012; Wang et al., 2017). Another
interesting finding is that in the spleen of model rats, the
proportion of B cells increased significantly, whereas the increase
in peripheral blood was not obvious. This phenomenon seems
to suggest that B lymphocytes are involved in the process of
cognitive impairment after multiple infarctions. Some evidence
also shows that although B lymphocytes have a certain protective
effect in the early stage of cerebral ischemia, the autoimmunity
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mediated by B lymphocytes may be an important mechanism of
cognitive impairment after stroke (Doyle Kristian and Buckwalter
Marion, 2017). However, after acupuncture, the proportion of
B cells did not change. A reasonable explanation is that the
therapeutic effect of acupuncture may not be mediated by B
cells, or acupuncture may not change the proportion of B
cells but may change its subsets or functions, which needs
further research. On the other hand, we found that there was
inflammation in the peripheral blood of model rats, which
showed the upregulation of inflammatory mediators such as
IL-1β, IL-2, TNF-α, INF-γ, MIP-2, COX-2, and iNOS and
the downregulation of anti-inflammatory factors such as IL-
4 and IL-10, which was consistent with the results of some
studies. Some data showed that IL-1β, IL-2, IL-6, TNF-α,
INF-γ, and other inflammatory factors in peripheral blood of
patients with VD increased in varying degrees (Guoping et al.,
2015; Schmitz et al., 2015), while IL-4 and IL-10 decreased
in varying degrees (De Luigi et al., 2002; Liu et al., 2018).
A large number of data show that peripheral inflammation can
cause neuroinflammation and cognitive impairment (Badshah
et al., 2016; Miryam and Goar, 2016; Zhang et al., 2018)
and can aggravate the symptoms of VD model rats (Levine
et al., 2015). After acupuncture, inflammatory mediators such
as IL-1β, IL-2, TNF-α, INF-γ, MIP-2, COX-2, iNOS, and
other inflammatory mediators were downregulated in varying
degrees, while IL-4 and IL-10 were upregulated. This indicates
that acupuncture reduced the level of peripheral inflammation,
improved the peripheral immune environment, and reversed
peripheral inflammation and the corrected peripheral immune
abnormalities can reduce neuroinflammation and cognitive
impairment (Dadsetan et al., 2016; Balzano et al., 2020). This
may be one of the mechanisms of acupuncture improving the
cognitive function of VD model rats.

Finally, in addition to improving peripheral immune function
and inflammation, we also found that acupuncture can
improve the inflammation level of the hippocampus. The
results of ELISA indicate that there was inflammation in the
hippocampus, and the level of inflammation was alleviated after
acupuncture treatment.

CONCLUSION

Our results found that the VD rats have an abnormal immune
function and peripheral inflammation, while acupuncture can
regulate the immune cell phenotype and peripheral inflammation
of VD rats, reduce the expression of proinflammatory factors in
the hippocampus, and improve the cognitive impairment of VD
rats. This shows that acupuncture can be used as an efficacious
therapeutic approach for VD in the future.
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