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	 Background:	 Alzheimer’s disease (AD) is an age-associated neurodegenerative disorder. This study aimed to investigate ef-
fects of acupuncture administration on cognitive function and associated mechanisms.

	 Material/Methods:	 Senescence-accelerated prone 8 (SAM-P8) mice were randomly divided into 3 groups: the SAM-P8 group (P8-CN), 
the SAM-P8 administrating with acupuncture (P8-Acup) group, and the SAM-P8 administrating without acu-
puncture (P8-Sham) group. Morris water maze test was conducted to evaluate cognitive functions (memory 
and learning ability). PDK1, nPKC, and Rac1 inhibitors were used to treat SAM-P8 mice. Transmission electron 
microscope analysis was used to examine nuclear damage hippocampal tissues. Hematoxylin and eosin (H&E) 
staining was employed to evaluate inflammation. Western blot was used to detect PI3K, PDK1, nPKC, and Rac 1 
expression in hippocampal tissues.

	 Results:	 Acupuncture administration significantly reduced PI3K, PDK1, nPKC, and Rac 1 levels compared to P8-CN group 
(P<0.05). Both acupuncture and enzyme inhibitors (NSC23766, Rottlerin, OSU03012) significantly improved cog-
nitive functions, reduced inflammation, and alleviated nuclear damages of SAM-P8 mice compared to P8-CN 
group (P<0.05). Acupuncture significantly enhanced effects of inhibitors on inflammation and nuclear damages 
compared to inhibitor treatment single (P<0.05). Acupuncture significantly enhanced down-regulative effects 
of OSU03012 on PI3K and PDK1 levels, increased down-regulative effects of Rottlerin on nPKC and Rac 1 lev-
els and enhanced effects of Rottlerin on Rac 1 compared to P8-CN group (P<0.05).

	 Conclusions:	 Acupuncture administration improved cognitive functions and alleviated inflammatory response and nuclear 
damage of SAM-P8 mice, by downregulating PI3K/PDK1/nPKC/Rac 1 signaling pathway. This study could pro-
vide potential insight for treating cognitive dysfunction and aging of AD patients.
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Background

Alzheimer’s disease (AD) is a clinically common and age-as-
sociated neurodegenerative disorder that is characterized by 
deposition of neurofibrillary tangles/senile plaques and path-
ological characteristics of neuron loss, which finally cause the 
progressive decline of cognitive function [1,2]. AD is the lead-
ing reason for the dementia-related mortality and morbidity 
of elderly population and affects appropriate 25 million peo-
ple globally [3,4]. In clinical settings, the etiology of AD is also 
elusive and AD-modifying strategies remain beyond reach 
until now [2]. There are 2 main approved strategies for AD, 
including N-methyl-D-aspartate receptor antagonist meman-
tine and the acetylcholinesterase inhibitors, however, both of 
which cannot affect the potential pathological processes and 
only target symptoms [5]. These 2 strategies also mainly tar-
get the tangles or senile plaques in pathological processes of 
AD, and have been proven to be unsuccessful across clinical 
trials at the late stage of the disease [6]. Therefore, the dis-
covering an approach for clearing the tangles or senile plaques 
holds great promising for the AD treatment.

Due to the theory of traditional Chinese medicine, acupuncture 
(Acup) could refurbish the flow of Qi (vital force) by stimulating 
acupuncture points with fine needles along the energy chan-
nels in the organs of human body [7]. Acupuncture has been 
applied for treating many diseases of internal organs in China 
for thousands of years, and also has been approved by the 
World Health Organization (WHO) and US National Institutes 
of Health (NIH) as a kind of therapeutic strategy for some dis-
orders [8,9]. A previous study [10] reported that acupuncture 
stimulation mainly targets the autonomic nervous system be-
cause acupuncture triggers interconnection between the ex-
ternal somatosensory inputs and the internal organ response. 
Actually, acupuncture has been reported to be a safe, well tol-
erated, and effective approach for improving cognitive func-
tions in the AD patients. However, the specific mechanism 
has not been fully clarified [11–13]. Therefore, in this study, 
we hypothesized that acupuncture might improve cognitive 
functions and explored the protective mechanism that might 
be triggered by acupuncture in SAM-P8 mice.

A previous study [14] described that phosphatidylinositol 3 ki-
nase (PI3K)/phosphoinositol-dependent kinase 1 (PDK1)/novel 
protein kinase C (nPKC)/Rac 1 was involved in the pathological 
processes and neuro-toxicity of neurofibrillary tangles/senile 
plaques in AD mice. Therefore, in the present study, we em-
ployed the senescence-accelerated prone 8 (SAM-P8) mouse 
model [2,15,16], acting as a model of AD-like dementia and ac-
celerated aging, to investigate the effects of the acupuncture 
strategy on the cognitive function and associated mechanisms.

Material and Methods

Animals and trial grouping

The SAM-P8 mice (male, weighting from 25 to 20 g) and the se-
nescence accelerated mouse resistant 1 (SAM-R1) mice (male, 
weighting from 25 to 20 g) were provided by Professor Hui Xie 
at The First People’s Hospital of Chenzhou, Hunan, China. All 
of the mice were housed with the conditions of 55±5% hu-
midity, 22±1°C, 12-hour light/12-hour dark cycle and free ac-
cess to the food and water. This study was approved by the 
Ethics Committee of The First People’s Hospital of Chenzhou, 
Hunan, China. All of the procedures were performed according 
to the Guidelines for National Institute of the Health Animal 
Care and Use Committee.

The SAM-P8 mice were randomly divided into 3 groups, 
including SAM-P8 control group (P8-CN, n=3), SAM-P8 admin-
istrating with acupuncture group (P8-Acup, n=3), and SAM-P8 
administrating without acupuncture group (P8-Sham, n=3). 
Meanwhile, SAM-R1 mice were employed as the control group 
(R1-CN, n=3).

Acupuncture administration

Before acupuncture administration, the mice were anaesthe-
tized by intraperitoneally injecting with 3.5% chloral hydrate 
(Shanghai Aladdin Bio-Chem. Tech. Co. Ltd., Shanghai, China) 
at final concentration of 5 mL/kg body weight. Then, the 
needles (Mode: 0.2×7 mm, Taixing Tianhe Med. Ins. Co. Ltd., 
Taixing, China) were inserted into Tanzhong point, Zhongwan 
point, Guanyuan point, Xuehai point, and Zusanli point (bilat-
eral), at a depth of 2 to 3 mm (Figure 1). Acupuncture nee-
dles were slowly rotated for 30 seconds every 5 minutes and 
lasted for 15 minutes. For the sham mice, the sites under the 
seasonal ribs were selected as the non-acupuncture points. 
The aforementioned administration of acupuncture was con-
ducted once a day, for continuous 15 days and with an inter-
val at day 8. In this study, the acupuncture administration 
was invented and performed by a Traditional Chinese medical 
doctor, Prof. Jingxian Han, who had many years of experience.

Morris water maze test

In this study, the Morris water maze test was performed fol-
lowing the method reported by de Senna et al. [17]. Briefly, 
the locomotor activity and spatial memory were tested with 
a water maze circular pool (with diameter of 150 cm, height 
of 50 cm, filling with water to 30 to 40 cm depth). Meanwhile, 
a circular platform with diameter of 8 cm was also hided at 
1 cm under the water surface. The water maze circular pool 
was divided into 4 equally-sized quadrants, and the platform 
could be placed in each quadrant. The water temperature was 
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designed from 23°C to 25°C and the water injection and drain-
age equipment worked better. Finally, the number of line cross-
ing, total distance travelled and number of entries to IL zone 
were evaluated and analyzed. All of the data were captured 
with a camera placed over the water maze circular pool and 
traveling track of mice were collected by using video track-
ing software (Mode: EthoVision XT, Noldus Information Tech., 
Wageningen, Netherlands).

PDK1/nPKC/Rac1 inhibitor treatment and trial grouping

In this study, the specific inhibitors for the PDK1 (OSU03012) [18], 
nPKC (Rottlerin) [19], and Rac 1 (NSC23766) [20] were used 
to treat the SMA-R1 and SMA-P8 mice. The total of the other 
45 SAM-P8 mice were divided into 15 groups, including 
SMA-P8 control group (SMA-CN), SMA-P8 mice treated with 
OSU03012 (P8+OSU03012, Selleck Bio, Houston, TX, USA), 
SMA-P8 mice treated with Rottlerin (P8+Rottlerin, Sigma-Aldrich, 
St. Louis, MO, USA), SMA-P8 mice treated with NSC23766 
(P8+USC23766, Selleck Bio, Houston, TX, USA), SMA-P8 mice 

treating with saline (P8+Saline, Hebei Tiancheng Pharm Co., Ltd., 
Shijiazhuang, China), SMA-P8 administrating with acupuncture 
(P8+Acup), P8+OSU03012 mice administrating with acupuncture 
(P8+OSU03012+Acup), P8+Rottlerin mice administrating with 
acupuncture (P8+Rottlerin+Acup), P8+USC23766 mice adminis-
trating with acupuncture (P8+USC23766+Acup), P8+Saline mice 
administrating with acupuncture (P8+Saline+Acup), SMA-P8 
OSU03012 stimulating non-acupuncture points (P8+Sham), 
P8+OSU03012 mice stimulating non-acupuncture points 
(P8+OSU03012+Sham), P8+Rottlerin mice stimulating non-
acupuncture points (P8+Rottlerin+Sham), P8+USC23766 mice 
stimulating non-acupuncture points (P8+Sham+Acup), P8+Saline 
mice stimulating non-acupuncture points (P8+Saline+Sham) 
group. Meanwhile, the SAM-R1 mice were employed as the 
control group (R1-CN, n=3).

Brain stereotaxic localization and drug administration

All of the mice were placed in a stereotaxic head holder (Mode: 
JK023, JYKCSolar, Beijing, China) and anesthetized by using 

Anaesthesia Shanzhong point Zhongwan point

Guanyuan point Xuehai point

Sham point (control) Brain tissue isolation

Bilateral Zusanli

Figure 1. �Detailed procedures for administrating acupuncture and hippocampal tissues isolating.
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3.5% chloral hydrate (Shanghai Aladdin Bio-Chem. Tech. Co. 
Ltd., Shanghai, China) at final concentration of 5 mL/kg body 
weight. For the cerebral drug administration, the skull was ex-
posed and the high-speed cranial drill (Mode: ZH-GSZ, Anhui 
Zhenghua Bio. Ins. Co. Ltd., Hefei, China) was used to direct 
toward the nucleus ventralis posterolateralis and penetrate 
the skull (lateral to midline 1.5 mm, anterior-posterior to 
bregma –0.6 mm, ventral to skull surface –1.7 mm). The drugs 
(including OSU03012, Rottlerin, USC23766 and saline) were 
microinjected into the ventriculus dexter cerebri at speed of 
0.5 μL/minute and dosage of 3 μL per mouse. Post injecting 
the syringe stayed for 2 minutes to avoid overflow of drugs. 
Finally, the syringe was removed, the bone wax was smeared, 
and the outer skin was sutured.

Transmission electron microscope analysis

The hippocampal tissues were fixed with 4% glutaraldehyde 
(Beyotime Biotech. Shanghai, China) for 2 hours and with 1% 
osmium tetroxide (OsO4) for 25 to 30 minutes, and washed 
with phosphate-buffered solution (PBS, ZSGB Bio. Tech., Beijing, 
China) for 2 times, 10 minutes per time. Then, the hippocam-
pal tissues were dehydrated in graded ethanol (Sigma-Aldrich, 
St. Louis, MO, USA), including 50% and 70% ethanol for 1 time, 
90% ethanol for 2 times and 100% ethanol for 3 time, for 12 
minutes per time. The hippocampal tissues were continu-
ously embedded in acetone and embedding regent (Cat. No. 
EPON812, Sigma-Aldrich, St. Louis, MO, USA). The hippocampal 
tissues were sliced into sections with ultramicrotome (Mode: 
OMU3, Leica Reichert, Germany) and stained with uranyl ac-
etate (Beyotime Biotech. Shanghai, China) and lead citrated 
(ZSGB Bio. Tech., Beijing, China). Eventually, the tissue sections 
were observed with Philips TECNAI-10 transmission electron 
microscope (Mode: TECNAI-10, Philips, Holland, Switzerland) 
as the previous report described [21].

Hematoxylin and eosin (H&E) staining

The hippocampal tissues were isolated and treated by using 
4% formaldehyde (Sangon Biotech. Co. Ltd., Shanghai, China) 
in PBS (ZSGB Bio. Tech., Beijing, China). The histological charac-
teristics of hippocampal tissues were evaluated by using hema-
toxylin regent (Nanjing Jiancheng Bio. Tech. Co. Ltd., Shanghai, 
China) and eosin (Beyotime Biotech. Shanghai, China), according 
to the previously published H&E staining method [22]. Finally, 
H&E stained hippocampal tissues were observed with an in-
verted microscope (Mode: IX71, Olympus, Japan). Magnification 
of H&E staining images, 40×.

Western blot assay

The hippocampal tissues were digested and lysed with radio-
immunoprecipitation assay solution (RIPA, Beyotime Biotech., 

Shanghai, China) and centrifuged at 12 000 r/min for 10 min-
utes. The obtained products were separated by using 15% SDS-
PAGE (Sangon Biotech. Co. Ltd., Shanghai, China) and electro-
transferred onto the PVDF membranes (Bio-Rad Laboratories 
(Hercules, CA, USA) by using a Trans-Blot Electrophoretic 
Transfer (Mode: 170-3940, Bio-Rad Laboratories). The rabbit 
anti-mouse monoclonal antibody (1: 3000; Cat. No. ab183957), 
rabbit anti-mouse PDK1 monoclonal antibody (1: 3000, Cat. 
No. ab52893), rabbit anti-mouse nPKC monoclonal antibody 
(1: 3000, Cat. No. ab179523), rabbit anti-mouse Rac 1 poly-
clonal antibody (1: 2000, Cat. No. ab97732) and rabbit anti-
mouse b-actin polyclonal antibody (1: 2000; Cat. No. ab5694) 
were used to incubate PVDF membranes at 4°C overnight. All 
of the first antibodies were purchased from Abcam Biotech. 
(Cambridge, MA, USA). PVDF membranes were incubated with 
horse radish peroxidase (HRP)-labeled goat anti-rabbit IgG 
(1: 1000, Cat. No. AQ132P, Sigma-Aldrich, St. Louis, MO, USA) 
for 2 hours at 37°. Then, the PVDF membranes were treated 
using the ECL enhanced chemiluminescence detection kit (Cat. 
No. 32019, Thermo Scientific Pierce, Rockford, IL, USA) at room 
temperature for 2 minutes in the dark. Finally, western blot-
ting bands were captured and analyzed by using Labworks™ 
Analysis Software 4.0 (Labworks, Upland, CA, USA).

Statistical analysis

All of the data were represented as the mean ± standard de-
viation (SD) and analyzed with SPSS software 19.0 (SPSS Inc., 
Chicago, IL, USA). The Student’s t test was employed to analyze 
the differences between 2 groups and the one-way ANOVA was 
used to analyze the differences among the multiple groups. All 
of the data were obtained from at least 3 independent tests or 
experiments. A P<0.05 was defined as statistical significance.

Results

Acupuncture inhibited enzymes levels in SAM-P8 mice

Due to the changes of enzyme activities, such as PI3K, PDK1, 
nPKC, and Rac 1, that are associated with pathological processes 
of AD, these enzymes were evaluated in the SAM-P8 mice. 
The results indicated that the PI3K levels (Figure 2A), PDK1 
levels (Figure 2B), nPKC levels (Figure 2C), and Rac 1 levels 
(Figure 2D) in the P8-CN group were significantly higher com-
pared to the R1-CN group (all P<0.05). Meanwhile, the acu-
puncture administration significantly reduced the PI3K levels 
(Figure 2A), PDK1 levels (Figure 2B), nPKC levels (Figure 2C), 
and Rac 1 levels (Figure 2D) compared to the P8-CN group (all 
P<0.05), but was also higher compared to the R1-CN group 
(all P<0.05). Moreover, there were no effects of treatment of 
P8-Sham group on the enzyme levels compared to the P8-CN 
group (Figure 2, P>0.05).
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Acupuncture improved the cognitive functions of SAM-P8 
mice

The analysis of the Maze software showed that the acupunc-
ture administrated mice (P8+Acup) presented the enhanced 
locomotor activity compared with the P8 mice without acu-
puncture administration (P8-CN) as shown by the increased 
distance travelled (Figure 3A, P<0.05) and higher number of the 
line crossing mice (Figure 3B, P<0.05). Meanwhile, acupuncture 
administration significantly enhanced the number of entries to 
IL zone compared to that of P8-CN group (Figure 3C, P<0.05).

Enzyme inhibitors improved cognitive functions of SAM-P8 
mice

According to the aforementioned results that PI3K, PDK1, nPKC, 
and Rac 1 were involved in the pathogenesis of AD, the in-
hibitors of these enzymes were administrated to the SAM-P8 
mice. The results showed that Rac 1 inhibitor (NSC23766) sig-
nificantly increased distance travelled (Figure 3A), nPKC inhib-
itor (Rottlerin) and PDK1 inhibitor (OSU03012) significantly 
enhanced (Figure 3C) the number of line crossing mice com-
pared with that of the P8-CN group. However, all of 3 inhibi-
tors demonstrated no effect on the number of line crossings 
in SAM-P8 mice (Figure 3B).
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Figure 2. �Evaluation for the effects of acupuncture on the PI3K, PDK1, nPKC, and Rac 1 expression by using western blot assay. 
(A) Western blot and statistical analysis for PI3K expression. (B) Western blot and statistical analysis for PDK1 expression. 
(C) Western blot and statistical analysis for nPKC expression. (D) Western blot and statistical analysis for PI3K expression. 
* P<0.05, ** P<0.01 versus R1-CN group. # P<0.05 versus P8-CN group.
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Acupuncture and enzyme inhibitors administration 
reduced inflammation of hippocampal tissues in SAM-P8 
mice

The H&E findings showed that inflammation was obviously de-
creased in the P8+Acup group compared to the P8-CN group 
and the P8-Sham group (Figure 4). The single treatment of 
OSU03012, Rottlerin, and NSC23766 only exhibited slight 
effects on the inflammation compared to the P8-CN group 
(Figure 4). Moreover, compared with the P8+CN group, the acu-
puncture administration demonstrated a slight additional ef-
fects on inflammation of OSU03012, Rottlerin, and NSC23766 
in SAM-P8 mice (Figure 4).

Acupuncture and enzyme inhibitors improved nuclear 
ultrastructure of neuron in SAM-P8 mice

According to the nuclear ultrastructure in Figure 5, the neu-
ron unclear in R1-CN group illustrated complete and regular 
nucleus, enriched mitochondria, endoplasmic reticulum, Golgi 
body, and ribosome. However, the neuron unclear in P8-CN 
group exhibited unregular nucleus, increased heterochroma-
tin condensation in the nucleus, and decreased amounts and 

damaged structure of organelle. However, acupuncture admin-
istration obviously repaired the damages and increased the 
amounts of organelle, and improved the morphology of the nu-
cleus. Meanwhile, the enzyme inhibitors also remarkably im-
proved the status of the nucleus compared to the P8-CN group. 
Interestingly, the combining of acupuncture and enzyme in-
hibitor treatments demonstrated better improvement for nu-
cleus status compared to that in both the single acupuncture 
and the enzyme inhibitor groups.

Acupuncture enhanced the down-regulative effects of 
OSU03012 on PI3K and PDK1 levels

In order to evaluate the assistive effects of acupuncture, the 
enzyme levels in OSU03012 treated mice were examined by 
using western blot assay (Figure 6A). The results indicated that 
both OSU03012 and acupuncture treatment significantly de-
creased PI3K levels (Figure 6B), PDK1 levels (Figure 6C), nPKC 
levels (Figure 6D), and Rac 1 levels (Figure 6E) compared to 
that of the P8-CN group (P<0.05). Meanwhile, acupuncture 
administration significantly enhanced the down-regulative 
effects of OSU03012 on PI3K levels (Figure 6B) and PDK1 
levels (Figure 6C) compared to that of the single OSU03012 
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Figure 3. �Evaluation for the locomotor activity and spatial memory by using a mirror water maze test. (A) Total distance travelled (m). 
(B) Number of line crossing. (C) Number of entries to the IL zone.
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Figure 4. �Hematoxylin and eosin staining determination for the inflammation of the hippocampal tissues in SAM-P8 mice.
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Figure 5. �Evaluation for the nuclear ultrastructure of hippocampal tissues in SAM-P8 mice by using the transmission electron 
microscope analysis.
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treatment group (P<0.05). However, there were no additional 
effects of acupuncture on nPKC levels (Figure 6D) and Rac 1 
levels (Figure 6E) compared to the OSU03012 treatment group 
(P>0.05).

Acupuncture increased the downregulatory effects of 
Rottlerin on nPKC and Rac 1 levels

The western blot assay (Figure 7A) also illustrated that acu-
puncture and Rottlerin significantly decreased the nPKC lev-
els (Figure 7B) and Rac 1 levels (Figure 7C) compared to that 
of the P8-CN group (P<0.05). Furthermore, the acupuncture 
administration significantly increased the downregulatory ef-
fects of Rottlerin on nPKC levels (Figure 7B) and Rac 1 levels 

(Figure 7C) compared to that of the single Rottlerin treatment 
group (P<0.05).

Acupuncture combining Rottlerin suppressed Rac 1 levels

The results indicated that the Rac 1 levels in both acupunc-
ture and Rottlerin treatment group were significantly de-
creased compared to that of P8-CN group (Figure 8, p<0.05). 
Meanwhile, the acupuncture administrated significantly en-
hanced the down-regulative effects of Rottlerin on Rac 1 
levels, compared to that of the single Rottlerin treatment 
group (Figure 8, P<0.05).
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Figure 6. �(A) Determination of the PI3K/PDK1/nPKC/Rac 1 signaling pathway molecules in hippocampal by using western blot assay. 
(B) Western blot assay and statistical analysis for the PI3K expression in hippocampal. (C) Western blot assay and statistical 
analysis for the PDK1 expression in hippocampal. (D) Western blot assay and statistical analysis for the nPKC expression in 
hippocampal. (E) Western blot assay and statistical analysis for the Rac 1 expression in hippocampal. * P<0.05 versus R1-CN 
group. # P<0.05 versus P8-Acup group.
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Discussion

Acupuncture is a critical therapeutic strategy in Traditional 
Chinese Medicine and has been extensively applied for treating 
many diseases [23–25]. The previous study [26] reported that 
acupuncture is a promising approach to relieve cognitive im-
pairment post stroke. However, the neuro-protective effects of 
acupuncture on cognitive functions and the associated mech-
anisms have not been fully clarified. In this study, we found 
that acupuncture administration reduced PI3K, PDK1, nPKC, 

and Rac 1 levels. Acupuncture enhanced effects of inhibitors 
on inflammation and nuclear damages and significantly en-
hanced the down-regulative effects of OSU03012 on PI3K and 
PDK1 levels, increased down-regulative effects of Rottlerin on 
nPKC and Rac 1 levels and enhanced effects of Rottlerin on 
Rac 1 levels.

Aging is the most important risk factor for the pathogene-
sis of AD [27]. Recent studies [28,29] have shown that abnor-
malities of the cerebral metabolism in the AD patients were 
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closely associated with the aging process. The hippocampus is 
the most critical cerebral region associated with the memory 
and learning in the AD pathological processes [30]. The senes-
cence-accelerated mouse 8 (SAM-8) is a commonly used ani-
mal model for aging, which is characterized with a significantly 
shortened life span compared to that of SAM-R1 mouse [31]. 
The SAM-P8 mouse exhibits a variety of hippocampus-asso-
ciated memory and learning deficits during the aging process, 
according to cognitive technique evaluations [32]. Therefore, 
in this study, we employed the SAM-P8 mice to investigate the 
neuro-protective effects of acupuncture on the aging processes.

In the nervous system, the GTPases, belonging to the Rho 
family, participate in the modulation or control of cytoskeleton 
dynamics and synaptic plasticity in the neurons [33]. However, 
the partners of GTPases in the aging process have not been 
discovered in aging process of AD. In the present study, the 
results showed that acupuncture administration induced a re-
markable Rac 1 down-regulation in SAM-P8 mice, triggering 
a series of signaling cascades. This study indicated that the 
PI3K, PDK1, and nPKC levels were also down-regulated in the 
acupuncture administrated SAM-P8 mice. What was most im-
portant, this study identified the PI3K/PDK1/nPKC signaling 
pathway as a specific upstream regulatory signaling pathway 
for the Rac 1 in acupuncture administrated SAM-P8 mice. 
Actually, the PI3K/PDK1/nPKC/Rac 1 signaling pathway has 
been proven to be the control point for preventing the Ab1–42 
induced toxicity in neurons [14]. To our knowledge, the best-
characterized proliferation signaling pathway of neurons is the 
PI3K/Akt cascade in the neuro-degenerative disorders, such 
as AD [34]. This study proved that acupuncture activated the 
PI3K/Akt cascade in the aging process of SAM-P8 mice. PDK1 
can also activate and phosphorylate other intracellular signal-
ing pathway associated molecules, such as novel PKC (nPKC) 
and PKA [35]. Our study showed that nPKC also participated 
in the neuro-protective effects of acupuncture in the SAM-P8 
mice. Therefore, we believed that the PI3K, PDK1, nPKC, and 
Rac 1 molecules were involved in the neuro-degenerative and 
aging processes in SAM-P8 mice.

In order to confirm the effects of acupuncture on the 
PDK1/nPKC/Rac 1 signaling pathway in SAM-P8 mice, inhibi-
tors including OSU03012, Rottlerin, and NSC23766 [14] were 
administrated to the SAM-P8 mice in this study. The Morris 
water maze test was performed to evaluate the effects of acu-
puncture on the memory and learning of SAM-P8 mice under-
going the aforementioned inhibitors treatment. The results 
showed that acupuncture improved the cognitive functions 
of SAM-P8 mice by increasing distance travelled and increas-
ing the number of line crossing mice and mice entries to the IL 
zone. Meanwhile, the enzyme inhibitors also improved cogni-
tive functions of SAM-P8 mice by increasing distance travelled 
through regulating PDK1, and by enhancing the number of line 

crossing mice via modulating nPKC and Rac 1. Moreover, the 
H&E staining results indicated that acupuncture and enzyme 
inhibitors administration reduced the inflammation of hippo-
campal tissues in SAM-P8 mice. Compared with the P8+CN 
group, the acupuncture administration demonstrated a slight 
additional effects on inflammation of OSU03012, Rottlerin, 
and NSC23766 in SAM-P8 mice. The transmission electron 
microscope analysis also illustrated that acupuncture and en-
zyme inhibitors improved nuclear ultrastructure of neurons 
in SAM-P8 mice and the combination of acupuncture and en-
zyme inhibitor treatment demonstrated better improvement 
for nucleus status. Therefore, the H&E staining and transmis-
sion electron microscope results suggest that acupuncture pro-
tects the cognitive impairment and alleviates the inflamma-
tion and nuclear damage of SAM-P8 mice, all of which have 
not been discussed in previous studies [36,37].

Furthermore, our study also proved that acupuncture enhanced 
the down-regulative effects of OSU03012 on PI3K and PDK1 
levels, increased down-regulative effects of Rottlerin on nPKC 
and Rac 1 levels and increased the down-regulative effects 
of Rottlerin on Rac 1 levels. These results suggest that acu-
puncture administration improves cognitive functions and al-
leviates inflammation and nuclear damages by reducing the 
molecule levels in PI3K/PDK1/nPKC/Rac 1 signaling pathway.

Actually, the non-pharmacological therapeutic approaches 
have been applied for regulating the hypothalamic-pituitary-
adrenal axis. Lanza et al. [38] reported that Shiatsu might im-
prove depression in AD patients, thus enhancing the positive 
effect of physical activity on depressed mood. However, we 
have not investigated the effects of acupuncture administra-
tion on cognitive dysfunction via the hypothalamic-pituitary-
adrenal axis pathway, which was a limitation of this study. 
Therefore, in future studies, we would also explore the im-
provement of cognitive functions in AD patients by using other 
approaches. Meanwhile, this study also had the other limita-
tions. First, abnormalities of cerebral metabolism have been 
proven to be involved in AD pathogenesis and aging processes, 
and are risk factors for development and progression of neuro-
cognitive disorders [39–42]. Also, acupuncture is known to ef-
fect blood pressure levels and contributes to blood pressure 
regulation [43]. However, the effects of acupuncture on pres-
sure associated cognitive dysfunction have not been explored. 
Second, inflammatory mechanisms play a critical role in medi-
ating damage of the central nervous system [44]. This study 
proved the anti-inflammatory effects of acupuncture, however, 
the peripheral biomarkers of inflammation [44–46], such as 
neutrophil-to-lymphocyte ratio, ESR, IL-6, were not examined. 
In future studies, we would verify these aforementioned bio-
markers to confirm the effects of acupuncture.

4091
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Li G. et al.: 
Acupuncture improves cognitive functions in SAM-P8 mice
© Med Sci Monit, 2019; 25: 4082-4093

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Conclusions

Acupuncture administration significantly improved cognitive 
functions and alleviated the inflammatory response and nuclear 
damage in SAM-P8 mice by down-regulating molecules in the 
PI3K/PDK1/nPKC/Rac 1 signaling pathway. In clinical settings, 
this study could provide potential insight for treating cognitive 
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