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Introduction

Stroke, one of the leading causes of death and disability, has 
significantly affected public health. Of the different types of 
strokes, ischemic stroke accounts for 60%–80% of all strokes, 
with escalating mortality rates over the years.[1‑3] Alarmingly, 
about 795,000 people in the late 20s suffer from this disease 
annually.[1,4] Causes of ischemic stroke include thrombosis, 
embolism, systemic hypoperfusion, and cerebral venous sinus 
thrombosis.[5] These abnormalities deplete nutrient supply and 
damage the neuron cells, which then impair the neurological 
and motor function.[6] Ischemic stroke is further classified into 
small‑vessel occlusion (20%–30%), large artery intracranial or 
extracranial atherosclerosis (30%–40%), and cardio‑embolism 
(20%–30%).[1,2,7] The main effective treatment for acute 
ischemic stroke is to administer thrombolytic therapy within 
4.5 h of development of symptoms. However, most patients 
miss this narrow time window for thrombolytic therapy and 
are left with limited life‑saving treatment options.[3] Therefore, 
exploring novel therapeutic option for acute ischemic stroke 
has become the focus of current research worldwide.

The optimum intervention time for ischemic stroke is within 
60 min from the initial attack, the disease starts to deteriorate 
afterward, and autophagy is activated in the brain to maintain 
cellular homeostasis.[8] “Golden hour” which refers to the 
60  min after the initial attack, has becoming a research 
interest owing to its high potential of recovery and prevention 
of cell death.[9] Autophagy serves as a double‑edged sword; 
autophagy can save the neuron cells from cellular death but 
also cause fatalities.[10] During the early stage of reperfusion, 
autophagy still functions to clear the damaged cells or proteins. 
However, the continuous autophagy will cause excessive cell 
death. In the case of late management of ischemic stroke, the 
chance of recovering from the progressive ischemic stroke 
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is hypothesized to  <60  min. It has been proposed that the 
autophagy cell death mechanism takes over during this period 
and disrupts cell survival.[8]

Emerging evidence has suggested that autophagy is reversible, 
and regulating autophagy provides neuroprotection, making 
them a potential therapeutic target and strategy.[11,12] Autophagy 
is associated with 5’ AMP‑activated protein kinase (AMPK) 
pathway and markers, such as beclin‑1 and light chain 
3  (LC3). Studies suggested that acupuncture potentially 
regulates autophagy to prevent further progression of 
ischemic stroke.[13] In treating ischemic stroke, acupuncture 
evidently enhances cognitive activity, promotes endogenous 
neurogenesis, inhibits apoptosis, and improves inflammatory 
response.[13,14] In the field of traditional and alternative 
medicine, acupuncture has been an effective treatment, 
especially in treating pain and motor dysfunction.[15,16] 
Electroacupuncture (EA), a modified needling technique that 
applies frequent electrical stimulation, is more stable and 
effective than the conventional acupuncture.[17]

Providing EA stimulation to rats with cerebral ischemic 
injury has been shown to markedly restore the blood supply, 
decrease cerebral infarction, and improve neurological 
functions.[18] These findings are garnering global interest 
and corroborating acupuncture as an effective treatment 
option. This review summarizes the effects of acupuncture 
treatment to ischemic stroke and the reversal of autophagy 
function from causing autophagy‑dependent apoptotic death 
of neuron cells to neuroprotection. Reversing the autophagy 
function can potentially treat ischemic stroke, preventing 
further deterioration of neuron cells that ultimately provides 
neuroprotection.

Literature Search Strategy

We performed a systematic search to identify studies applying 
EA to treat ischemic stroke. The published literature source 
is collected from the online journal databases – MEDLINE 
(PubMed), Elsevier, ScienceDirect, Cochrane Library, and 
China National Knowledge Infrastructure were searched from 
inception to Febuary 2021. The keywords used in the search 
were: “acupuncture,” “electroacupuncture,” “neuroprotection,” 
“neuroprotective,” “autophagy,” “ischemic stroke,” and 
“ischemia stroke.” Studies that fullfiled the following criteria 
were included: (i) English language journals, (ii) studies 
conducted on ischemic stroke, (iii) studies that focused on 
neuroprotection mechanism of autophagy, and (iv) Using 
acupuncture or any other method of acupuncture as a primary 
method of intervention. We excluded studies meeting the 
following criteria: (i) studies that evaluated acupuncture for 
other conditions, (ii)published studies more than 5 years, 
(iii) applying Western or nonacupuncture treatment, and (iv) 
autophagy mechanism that are irrelevant to neuroprotective 
effect. The search found 1597 studies and screening through 
title and abstracts narrowed down to 1052 studies [Figure 1]. 
A total of 83 full-text review studies included were selected 

through. Of these collected, we excluded 33 studies that were 
published over 5 years and 50 publications met our inclusion 
criteria for this literature review.

Role of Autophagy in Ischemia Stroke

Autophagy is a regulated cellular mechanism that is vital 
under physiological and pathological conditions. This essential 
catabolic pathway maintains cell survival by eliminating 
damaged or aged cells, proteins, and organelles. Under stressful 
conditions, autophagy tries to restore cellular homeostasis. 
Prolonged stressed condition, however, will activate 
apoptosis.[19] Activated autophagy recruits lysosomes to initiate 
cellular degradation.[19,20] Sequentially from the induction 
of autophagy, phagophore is formed and autophagosome 
fuses with lysosome, and cellular components are eventually 
degraded and recycled. The PI3K‑Akt‑mTOR is one of the 
major pathways in autophagy, with possible outcomes of 
either neurodegeneration or neuroprotection.[21,22] Regulators 
such as AMPK, which is also a potential therapeutic target 
for ischemic stroke, regulates the inhibition of autophagy and 
mediates neuroprotection.[23] Such target protein is crucial in 
the autophagy mechanism and targeting it may hinder further 
neurological damage.

Figure  2 illustrates the autophagy signaling pathway in 
response to growth and stress signals. Previous studies 
have supported that targeting cell death pathway blocks the 
progression of ischemic stroke. The progression of the disease 
is reversed and neuroprotection mechanism is switched on. 
The neuroprotection mechanism secures neurons from further 
damage due to ischemia, especially during the healing period. [24] 

The PI3K/Akt/mTOR pathway is a crucial pathway to be 
targeted as it can affect the cell death pathway.[25,26] In response 
to nutrient‑deprived stimuli, the generation of mammalian 
target of rapamycin complex1 (mTORC1) initiates autophagy 
mechanism by dissociating the Unc‑51‑like‑kinase  (ULK) 
complex.[27] Dephosphorylated ULK complex increases 
the levels of enzymes and proteins such as beclin‑1 and 
P13K.[3,10,22,28] The interaction of ULK complex and beclin-1 
inhibits autophagosome formation and degradation of cellular 
components.[10] During these stages, rapamycin functions as 
an mTOR mechanistic target to block against stimuli that 
promote the progression of ischemic stroke.[10,19,27] PI3K 
signaling and beclin‑1 are essential for autophagosome 
formation; inhibiting PI3K signaling pathway can potentially 
provide neuroprotection. Another treatment strategy is to 
induce the interaction of anti‑apoptotic Bcl‑2 protein with 
beclin‑1, resulting anti‑apoptotic activity.[20,29-31] During 
ischemic stroke, the structures around glia cells, astrocytes, and 
neurons are primarily affected.[6] Autophagy is a complicated 
mechanism that involves many other molecular mechanisms. 
Autophagy induces a neuroprotective mechanism during the 
early stage of ischemic stroke,[3,32] and activated autophagy 
is detectable under electron microscopy.[10,32,33] The presence 
of LC3 proteins, particularly LC3‑II and LC3‑GFP  (green 
fluorescent protein), indicates the autophagosome activity 
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whereas intensifying fluorescent signals of LC3 are emitted 
from the primary neuronal cells.[28,32,34] LC3 proteins mediate 
the expansion of autophagosome membrane by conjugating 
with lipid, which then support further expansion of the 
membrane. Thus, LC3 protein is considered a biomarker that 
indicates macroautophagy activity.[10] However, during the 
pathological conditions, autophagosomes are formed, and 
axons accumulated, leading to cell death.[10,19]

Modulation of Autophagy for Neuroprotection

LC3 and beclin‑1 are the two key regulators of autophagy. 
Beclin‑1 involves in the initiation of autophagosomes and 
autolysosome formation, whereas the increased intensity of 
the LC3 signal indicates that autophagy activity is present.[19,35] 
Rapamycin, a mTOR selective inhibitor, activates autophagy 
and sequentially upregulates beclin‑1 in the brain region, 
decreases necrotic cell death of neuron cells, and reduces 
damaged brain tissue.[3] Neuroprotective action of autophagy 

is best activated during the reperfusion stage.[36,37] Rapamycin 
downsized the lesion in the cerebral ischemic models, 
i.e.,  permanent middle cerebral artery ligation and embolic 
clot middle cerebral artery occlusion  (eMCAO) models by 
44% and 50%, respectively.[38] Rapamycin also improved the 
neurological functions and survival rate in both models.[28] 
Worthy to note, excessive activation of autophagy, in turn, 
causes cell death, especially under stress condition.[20]

In response to cerebral ischemic, autophagy and 
PI3K‑AKT‑mTOR pathways are activated to protect 
neuron cells from necrotic cell death. The neuroprotective 
autophagy pathway is initiated during the initial phase 
of the hypoxic‑ischemic brain injury.[28] The first 60 min 
poststroke assault is crucial to alter the autophagy intracellular 
cell recycling mode and achieve high recovery rate.

The best timing to perform ischemic preconditioning (IPC) 
is when ischemic/reperfusion initiates, which then prevents 
autophagy cell death, and even mitigates the neuron cell 

Figure 1: Study flow diagram
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damage caused by oxygen‑glucose deprivation (OGD).[3,28,32] 
IPC is a brief period of vascular occlusion that has a protection 
function against I/R injury. It has been an autophagy mediator 
of I/R injury to initiate protective function. The reperfusion 
stage begins after 48–72 h of cerebral ischemic assault, which is 
when the cell death program is activated and occurred at a high 
rate.[28] AMPK signaling is able to induce the neuroprotective 
autophagic pathway, particularly in the IPC stage, within the 
certain window period.[39] Autophagy activity is inversely 
proportional to the expression of LC3‑II to LC3‑I ratio and 
beclin‑1.[3,39‑41]

During the OGD stage, the progressive autophagy has 
triggered autophagy‑dependent apoptosis of astrocytes, 
and the presence of apoptotic astrocytes indicates a low 
chance of recovery.[40,42] The increase in LC3‑II, beclin‑1, 
and PI3K III activities decreases neuronal cell survival.
[28,32] With increased production of LC3‑II protein, the level 
of p62 protein (an autophagy‑specific substrate) is reduced.
[42] During autophagy activity, p62 protein recognizes toxic 
cellular waste which localizes to the autophagosomes 
formation site, thus decreasing the free form of p62.[3,28] 
Recently, studies have shown melatonin can block the P13K 
pathway or alter to another pathway.[43] Beclin‑1 converts 
LC3 into autophagosomes formation and activates PI3K/Akt 
prosurvival pathway. The activated PI3K survival pathway 
then reduces p62 expression, resulting in a decrease in 
infarction size, and saves the remaining brain cells.[37,43]

Acupuncture Regulates Pi3k‑Akt‑mTOR 
Signaling Pathway in Treating Ischemic Stroke

The central nervous system (CNS) is a sensitive part of the 
human body that requires a consistent supply of nutrients 

and energy. Researchers have corroborated the potentiality 
of neuroprotective autophagy in treating ischemic stroke. 
Treatment initiated at an early stage of the disease will give a 
greater effectiveness.[40] This prospective treatment promotes 
the survival of neuron cells, particularly the recovering 
neuron cells. The foundation of acupuncture practice is 
based on the theory of acupoints and meridians. From the 
perspective of traditional Chinese medicine, acupuncture 
applies point stimulations that promote the flow of Qi and 
treat disease, whereas in the EA technique, the required dosage 
of manipulations is provided through electrical stimulations 
to the acupoints. EA is advantageous as the frequency 
and intensity of the electrical stimulations are adjustable, 
allowing the required dosage to be administered. Although the 
mechanism of acupuncture or EA is still unclear, increasing 
evidence has indicated their remarkable therapeutic effects.
[17] Comparatively, EA provides constant manipulations 
to the acupoints, which makes it more effective than the 
conventional acupuncture treatment. The positive therapeutic 
effect of acupuncture is evidenced in various diseases, such 
as neurological diseases, psychiatric disorders, infections, and 
pains.[17,30] During acupuncture treatment, needle insertion at 
specific acupoint triggers the affected nerve afferent fibers to 
send a signal to the brain. By manipulating and modulating 
the signaling pathways in the body, acupuncture facilitates in 
achieving homeostasis, and even exerts beneficial effect in 
life‑threatening diseases such as ischemia stroke.[17,44]

Nutrient‑deprived cells can activate either positive or negative 
pathway. For example, during an ischemic stroke, lack of 
nutrient supply causes autophagy to favor negative pathways. 
The game‑changer of the autophagy survival signaling 
pathway is the chance of cell survival, from an uncontrolled 
and prolonged autophagy activity that leads to unwanted cell 

Figure 2: Activation of autophagy signaling pathway. In response to stress signal, autophagy mechanism will be activated. Dotted lines indicate the 
inhibition of specific autophagy-related pathways, which then activates the AMPK pathway. Beclin-1 and LC3 are the two autophagy-related proteins 
that can be examined to track the autophagy-related processes.
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death, termed as apoptosis.[19,45] The AMPK stage inhibits 
the activation of mTOR during autophagy initiation stage, 
which activates the mechanism. The autophagy mechanism is 
activated, especially within the first 24 h of IPC, and the cells 
undergo lysosome engulfment leading to a chance of survival.[8] 
All of the above activities are initiated and controlled by the 
activation of the autophagy mechanism, and acupuncture 
has been one of the means to modulate AMPK‑PI3K‑mTOR 
signaling pathways.[38,46] Rebalancing the energy metabolism 
requirements of tissue promotes tissue recovery, and 
particularly improves brain injury. Functional recoveries 
involving neurogenesis, angiogenesis, anti‑apoptosis, and 
other recovery support mechanisms are observed following 
acupuncture treatment.[44]

In a study on Sprague Dawley rats with cerebral ischemia/
reperfusion, a 3‑day acupuncture treatment on LI‑11 (Quchi) 
and ST‑36 (Zusanli) for 30 min/day increased the protein levels 
of P13K and mTOR, which downsized the cerebral infarction.[13] 
Another study on the same rat population that applied 30 min/
day acupuncture on GV‑20  (Baihui) point for 5  days, also 
reported the reduction of cerebral infarction volume and LC3‑II 
expression. Additionally, suppression of phosphorylated Akt 
and increase of mTOR expression were also observed.[47] These 
study findings indicated the activation of the neuroprotective 
autophagy pathway and protection from further brain injury.

The overexpression of the two key regulators of autophagy, 
beclin‑1 and LC3‑II, indicates the activation of autophagy 
mechanism.[44,48] Beclin‑1 is vital in the apoptotic signaling 
in the autophagy mechanism. By assessing beclin‑1, not 
only the autophagosome activity can be monitored, the 
severity and progression of ischemia stroke can be classified 
as well.[49] Another theory is to promote the cell survival 
pathway by maintaining the Bcl‑2–beclin‑1 complex. 
Bcl‑2 is an anti‑apoptotic protein that inhibits autophagic 
effects.[10,11] Elevated Bcl‑2 expression is neuroprotective 
against apoptosis via the P13K/Akt pathway.[50] Providing 7‑day 
acupuncture stimulation on GV‑20 and GV‑24 (Shenting) at 
2 h after reperfusion, significantly increased the expression of 
beclin‑1. In another case that started to apply stimulation 
on the same acupoints at 24  h after middle cerebral artery 
occlusion (MCAO), the mRNA expression of Bcl‑2 mRNA 
was increased and beclin‑1 was suppressed following 6 days 
of treatment.[51] These results demonstrated that administering 
acupuncture stimulation can prevent apoptotic activity, switch 
autophagy mechanism to neuroprotective mode, and stop 
further progression of ischemia stroke; with conditions, 
suitable acupoints are selected and stimulations are performed 
at right timing.

Overall, acupuncture therapy is recommended for the treatment 
of ischemic stroke, however, further studies are required 
to provide scientific evidence of the mechanism. In terms 
of ischemic stroke, EA therapy is effective in modulating 
autophagy mechanism and promoting neuroprotective 
function.[17] Primary acupoints are selected and stimulated, 
which eventually stop the progression of ischemic stroke as 

evidenced by the reduced cerebral infarction.[3,30] Understanding 
the acupoints and the right timing to provide acupuncture 
during the course of ischemic stroke will produce the desired 
therapeutic effects.[13,44,52] Table 1 summarizes the studies on 
acupuncture that support its potential in treating ischemic 
stroke. EA in particular has advantages in improving brain 
activity and disability movement.[53] This process increases 
cell survival during stress, and studies have shown that 
pharmacological targeting therapy is not the only option.[13,54]

The effects of acupuncture meridians and points on 
autophagy
The different locations of points in the meridians affect the 
pathway and release of growth factors differently. The mTOR/
AMPK pathway is the main pathway that involves many 
apoptotic factors, such as Bcl‑2, p53, NK‑kB, P13K‑Akt, and 
AMPK.[52-55] In addition, netrin‑1 has been reported to inhibit 
autophagy via P13K/mTOR pathway. As angiogenic factor 
enhances the development of nervous and vascular system, the 
expression of netrin‑1 is promoted, resulting in a reduction of 
infarct size and improvement of motor function.[56-58]

It is found that most acupoints for ischemic stroke therapy 
are mainly located in governor vessel, large intestine, and 
stomach meridian. The effective acupoints located on these 
channels  [Tables  1 and 2] are commonly used in treating 
neurodegenerative diseases. In some cases, stimulation on 
these acupoints supports the inhibition of apoptosis and 
promotion of neurogenesis.[59] The brain cell injury benefits 
from acupoint stimulation by improving the size of the infarct, 
ameliorating brain function, and preventing further damage.[60] 
The recommended dosage of EA, 2 Hz electric stimulation for 
20–30 min of treatment, has shown an effective outcome in the 
improvement of ischemic stroke symptoms. The combination 
of acupoints is selected and applied based on the patient’s 
symptoms.[17]

Governor vessel meridian
GV‑20  (Baihui) promotes neurogenesis as well as triggers 
the proliferation and differentiation of vascular endothelial 
growth factor  (VEGF) and brain‑derived neurotrophic 
factor (BDNF).[50,61] VEGF and BDNF are the vital neurotrophic 
factors in the survival signaling of neural stem cells (termed 
as astrocytes). Astrocytes not only function to initiate 
proliferation but also to promote tissue repair.

Stimulation of BDNF causes neurogenesis in adults in 
concert with VEGF that acts as an angiogenic factor in 
angiogenesis.[58,59] GV‑26  (Shuigou) is a common acupoint 
used to promote neurogenesis and modulate angiogenesis 
via angiotensin.[58,62] GV‑14  (Dazhui) is another common 
acupoint to promote neurogenesis and promote anti‑apoptotic 
mechanisms. Overall, stimulation on these acupoints improves 
the neurological and motor functions of the brain.[58,62]

A combination of two or more acupoints is usually applied 
to obtain more effective treatment. The common acupoint 
combinations GV‑20 and GV‑14 promote neurogenesis by 
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increasing the secretion of VEGF and BDNF.[58] The acupoint 
combination also raises the Bcl‑2 expression, indicating that 
acupuncture can alter the apoptosis and autophagy activity. 
Promoting Bcl‑2 expression and suppressing the Bcl‑2/Bax 
protein has reversed the cell death apoptosis mechanism to 
favor the neuroprotection effect.[49,51]

Large intestine meridian
Recent studies suggest the vital role of acupoint LI‑4 (Hegu) 
in cell proliferation and angiogenesis during the ischemic 
condition. Stimulation on LI‑4 promotes the stem cell factor 
in peri‑infarct tissue, followed by the expression of the 

Table 2: Biological responses induced by the acupoints and the involved signaling pathways

Reference Acupoints Results
Xing et al., 2018[59] Hegu (LI‑4) Upregulate angiogenic factors (VEGF and angiogenin‑1, LV, and DG)

Quchi (LI‑11) Promotes neuronal cell proliferation
Prevent apoptosis via PI3K/Akt pathways. Reduce ischemic brain damage, 
and improve metabolism

Zusanli (ST‑36) Improves cognitive hippocampus function
Stimulates neurogenesis, and exerts neuroprotective roles

Baihui (GV‑20) Modulation of neurotransmission by increasing dopamine levels
Improving memory via long‑term potentiation recovery in the hippocampus

Shuigou (GV‑26) Induce neurogenesis, and regulates angiotensin
Exert an anti‑apoptotic effect by activating Akt‑mediated pathways

Quchi (LI‑11) Zusanli (ST‑36) Improves in motor function
Upregulate PI3K/Akt pathway to promote neuronal cell proliferation

Dazhui (GV‑16 ) Baihui (GV‑20) Neurogenesis, by increased levels of neurotrophic factors (BDNF and VEGF)
Release of vasodilative mediators

Baihui (GV‑20) Shenting (GV‑24) Improves the impaired function of motor control, and cognition via inhibition 
of NF‑kB‑mediated

Shuigou (GV‑26) Chengjiang (CV‑24) Produce anti‑apoptotic effects, and modulate neurotransmission by reducing 
the expression of the NMDA receptor

VEGF: Vascular endothelial growth factor, BDNF: Brain‑derived neurotrophic factor, PI3K: Phosphatidylinositol‑3‑kinase, LV: subventricular zone of the 
lateral ventricle, DG:dentate gyrus, NF-kB:nuclear factor kappa-light-chain-enhancer of activated B cells, NMDA:N-methyl-D-aspartate 

Table 1: Animal studies of electroacupuncture‑mediated autophagy and applied acupoints in ischemic stroke

References Model type Treatment effects Key findings Country
Liu et al.[64] MCAO/R, 

rats
LC3‑II/LC3‑I↓
Beclin‑1 ↓ mTOR ↑ ULK1↓
ATG13↓, autophagosomes ↓ autophagolysosomes↓

EA neuroprotective effects of Quchi and Zusanli exert 
through (PI3K)/Akt signaling pathway by inhibiting 
autophagosome formation

China

Wu et al.[47] MCAO, 
rats

mTOR ↑ p‑mTOR↓ The EA pretreatment gives a neuroprotective effect 
of Baihui by regulation of mTOR‑mediated signaling 
pathways

China

Ma et al.[52] MCAO, 
rats

Bcl‑2 ↑ Bax↓ Stimulation on Baihui and Siguan upregulates Bcl‑2 
and Bax gene which exerts a neuroprotective role

China

Shu et al.[49] MCAO/R, 
rats

LC3‑II/LC3‑I↓
Beclin‑1↓

Stimulation on Shuiguo acupoint affects the expression 
of beclin‑1, and LC3‑II

China

Ting et al.[13] 4‑VO, rats LC3↓
Beclin‑1 ↓ mTOR↑

Neuroprotective effect through inhibition of autophagy 
overexpression using stimulation of Baihui, Mingmen, 
and Zusanli, analyzed by LC3‑II, mTOR, and Beclin‑1

China

Liu et al.[51] MCAO, 
rats

Bcl‑2 ↑ Bax↓
p38↓

Stimulation effects of Shenting and Baihui in inhibition 
of apoptosis, through measuring Bcl‑2, Bax, p38, 
ERK1/2, and c‑JNK

China

Huang 
et al.[55]

I/R group, 
rats

Bcl‑2 ↑ Bax↓ The protective effect and decrease of apoptosis 
through Zusanli acupoint stimulation by affecting the 
expressions of Bcl‑2 and Bax

China

Wu et al.[71] I/R group, 
rats

LC3‑II ↓ LC3‑II/LC3‑I↓
Autophagosomes ↓ p‑AKT↑

The effect of Baihui stimulation on mTOR/AMPK/Akt 
signaling pathway leading to inhibition of autophagy 
and protective effect

China

Wang 
et al.[72]

MCAO/R, 
rats

p‑mTOR ↑ LC3‑II/LC3‑I↓
p62 ↑ p‑AKT↑
p‑mTOR↑

Using Zusanli and Quchi to initiate a neuroprotective 
effect via P13K/Akt/mTOR signaling pathway. Finding 
shows a reduced in neuronal apoptosis and autophagy

China

MCAO/R: Middle cerebral artery occlusion/reperfusion, 4‑VO: Four‑vessel occlusion, JNK: Jun N‑terminal kinases, ERK: Extracellular signal‑regulated 
kinase, I/R group: Intestinal ischemia/reperfusion group, mTOR: Malian target of rapamycin, AMPK: 5’ AMP‑activated protein kinase, ATG: Autophagy‑related 
genes, EA: Electroacupuncture, LC3: Light chain 3, PI3K: Phosphatidylinositol‑3‑kinase, ULK: Unc‑51‑like‑kinase
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angiogenic factors.[58] Another acupoint that is generally 
applied in ischemic stroke is LI‑11  (Quchi), which has a 
role in neuronal cell proliferation. Both acupoints block the 
apoptosis and activate neuroprotective activity through PI3K/
Akt pathways, which then improve cerebral function and the 
recovery of brain damage.[58,59]

Combining acupoint LI‑11 and LI‑4 is advantageous in 
promoting the activation of anti‑apoptosis and angiogenesis. 
Similarly, the acupoint combination of LI‑11 and ST‑36 also 
induces anti‑apoptotic effects via the P13K/Akt signaling 
pathway.[63,64] In addition, the activated PI3K/Akt pathway 
promotes neuroprotective effects through mediation of 
mTORC1, ULK complex, and beclin‑1.[62,64] These proteins 
assist in regulating neurogenesis and angiogenesis, resulting in 
improvement of motor function. The inhibition of autophagy 
activity suppresses the expression of the ULK complex and 
beclin‑1 from upregulating protective proteins,[58,64] which then 
block the apoptosis activity and reduce the apoptotic cells.[64] 
Suppression of autophagy activity reduces the number of 
autophagosomes accumulated, causing an inefficient fusion 
and degradation.[54] Noteworthy, the secretion of BDNF and 
VEGF is also affected, resulting in increase of cell proliferation, 
angiogenesis, and cell survival of the brain cells.[58,59] These 
growth factors upregulate endogenous neurogenesis and 
support the recovery of brain injury during ischemic stroke.[44,62]

Stomach meridian
ST‑36 is another acupoint generally applied to treat various 
diseases and distinctly improves cognitive hippocampus 
function. Regulating autophagy pathways not only 
promotes neurogenesis but also initiates neuroprotection with 
an anti‑apoptotic effect.[58,59] To optimize treatment outcome, it 
is necessary to combine ST‑36 with another acupoint, such as 
LI‑11. In treating ischemic stroke, the combination ST‑36 and 
LI‑11 promotes proliferation in the ischemic tissue, impairs 
apoptosis, promotes neurogenesis, and modulates autophagy 
via PI3K/Akt and ERK1/2.[64] A significant increased level 
of mTORC‑1 and ULK complex provides neuroprotection 
effect and affects the autophagosome formation[54] due to 
the decrease of Atg4 expression that prevents the conversion 
of LC3B‑I to LC3B‑II.[44] In addition, stimulation on ST‑36 
upregulates Bcl‑2 and minimizes the brain damage during 
ischemic injury.[59] A recent study revealed the impact of 
neuroprotection on proliferation of astrocyte; the presence of 
astrocytes supports the recovery of neurological function.[41]

Electroacupuncture modulates autophagy and provides 
neuroprotection
Previous studies have provided evidence that acupuncture 
effectively treats ischemic stroke by preventing further 
cell destruction and switching autophagy action to 
neuroprotective. [65,66] However, the clear mechanism of 
acupuncture affecting the autophagy mechanism in ischemic 
stroke is yet to be explored. Table 1 shows that the evidence 
of EA modulates autophagy via the PI3K‑mTOR signaling 
pathway and AMPK, with improvement in ischemic 

stroke.[13,23,54] Table  2 summarizes the selections and 
combinations of acupoints and their effects on ischemic stroke. 
Preclinical studies are generally performed in Sprague Dawley 
rats, with a chosen acupoints showing significantly improved 
cerebral function.[58,59]

Initiation stage
A drastic change in AMP/ATP ratio leads to the activation of 
AMPK, which acts as an energy monitor.[23,33] The activated 
AMPK then promotes autophagy by inhibiting of mTOR 
mechanism, resulting in dephosphorylation of Atg13 and ULK1 
and formation of ULK1 complex to initiate autophagy.[13,18,67] 
Recent findings have shown that EA has an effect on autophagy 
mechanism and maintaining homeostasis. Following 24  h 
after reperfusion, treatment consisting of 30 min/day of EA 
on MCAO for 3 days significantly improves the recovery of 
neurological deficits and cerebral infarct volume.[13,59] To treat 
ischemic stroke, EA treatment was provided on acupoints LI‑11 
and ST‑36 at a frequency of 1–20 Hz.[13] The expression of 
Atg13 and ULK1 was reduced while the levels of mTOR were 
increased, indicating that these acupoints affect the autophagy 
mechanism.[13,59] In conclusion, EA impairs autophagosome 
formation that leads to the stimulation of neuroprotective 
effect.[68]

Another study performed conventional acupuncture and EA 
on I/R‑injured rats using the GV‑20 acupoint for 5 days, with 
each session lasting for 30  min. GV‑20 acupoint has been 
the main acupoint when treating most neurological disease, 
including ischemic stroke.[47,61] Posttreatment symptoms 
were reduced in severity, especially in EA‑treated mice, and 
a significant increase of p‑mTOR expression inhibited the 
autophagy. Moreover, the expressions of p53 and LC3‑II were 
also affected.[47]

Nucleation stage
This stage involves many proteins and mechanisms, such as 
beclin‑1, PI3K Class  III, and autophagy‑related gene  (Atg) 
proteins. Beclin‑1 is the main protein in signaling and 
promoting the nucleation of autophagy. The expressions of 
beclin‑1 and LC3 spike during brain injury and decrease 
significantly posttreatment, which also affect the Bcl2 family 
protein.[13,51,55] Positive outcomes of using acupuncture to treat 
ischemia stroke are resulted from high expressions of mTOR 
and beclin‑1, and low level of LC3 that inhibited the cell death 
pathway.[62,65]

An EA study on Sprague Dawley rats with cerebral infarct/
reperfusion observed the upregulation of mTOR expression 
and suppression of beclin‑1 and LC3 at the end of the study.[13] 
EA was applied on GV‑20, GV‑4  (Mingmen), and ST‑36 
acupoints for 20 min at three different time‑points, i.e., 12, 
24, and 48 h postreperfusion.[13] The study findings indicated 
cerebral infarct size decreased with activation of autophagy 
protective effect.[13,69] Another study on MCAO‑induced 
model rat applied EA on GV‑26 at a frequency of 2‑20 Hz for 
30 min. Rats that were treated at 24 and 48 h postreperfusion 
showed a significant reduction of cerebral infarct size at 
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the end of treatment. Compared to the cerebral ischemia/
reperfusion (CI/R) control group, the expression of beclin‑1 
was suppressed in the EA‑treated rats.[49] Other EA treatment 
regimens that had been tested on MCAO rats were applying 
30 min of EA on GV‑20 and GV‑24 (Shenting) at 1–20 Hz 
for 14 days. At day 6 of treatment, the expression of Bcl‑2 
was evidently increased and beclin‑1 complex was impaired, 
which then suppressed the formation of autophagy vesicle.[51,70]

Expansion and maturation stage
The most important protein in this phase is LC3 because of 
the support functions in promoting and cleaving of the protein 
interaction. In order to extend the double membrane and 
prepare for autophagosome maturation, the transformed LC3‑II 
attaches to the vesicles.[9,10] Some studies have shown that EA 
can inhibit the cleavage of LC3 and block the autophagosome 
formation.

A number of EA preclinical ischemic stroke studies were 
performed on MCAO rats and provided EA at different 
acupoints. Stimulation of GV‑20 for 30  min/day for 
5 continuous days had decreased the LC3‑II/LC3‑I ratio, 
promoted protective effect, and influenced p‑mTOR.[49,71] 
Another study applied 30 min/day EA on LI‑11 and ST‑36 
acupoints at 1–20 Hz for 3 days, with emphasis on initiating 
EA at 24  h postreperfusion injury. The LC3‑II/LC3‑I ratio 
was significantly improved after 3 days of EA treatment.[64] 
Compared to administering EA at 24 and 72 h postreperfusion 
injury, applying 30  min of EA on GV‑26 acupoint at 6  h 
postreperfusion injury clearly reduced the LC3‑II/LC3‑I 
ratio.[49] Overall, these findings suggest that EA impairs 
autophagosome maturation and formation, which significantly 
decreases the ratio and cerebral infarct volume.

Fusion of autophagosomes stage
In this stage, mature autophagosomes fuse with lysosomes. 
When autophagolysosomes are formed, their double‑layer 
membranes are distinctly visible, making them an ideal 
biomarker.[21,44] The inhibited fusion activity increases the 
number of autophagosome, leading to the degradation of 
lysosome. Studies on EA show that certain acupoints inhibited 
autophagosome fusion. A model of MCAO and reperfusion 
rats applied 1–20  Hz stimulation on LI‑11 and ST‑36 for 
30 min/day. Autophagolysosomes and lysosomes significantly 
decreased after 3 days of treatment.[13]

Degradation stage
The last stage of autophagy depends on p62, a protein that 
helps binding of ubiquitinated proteins to the C‑terminal 
that interacts with LC3‑II. The whole process leads to a 
complex formation until ready for degradation within the 
autophagolysosomes.[21,44]

A study on cerebral ischemic‑induced MCAO rats showed that 
EA disrupted the degradation in autophagy by needling GV‑26 
for 30 min/day. The tested time to perform EA was at 6, 24, or 
72 h after reperfusion, and p62 expression was significantly 
reduced in 6‑h and 24‑h groups.[49] Compared to the 72‑h 

group, the p62 protein expressions were similar between the 
baseline and posttreatment. Based on the posttreatment effect, 
the study concluded that EA contributes to the improvement 
of neurological deficits.[49,65] In addition, a study on ST‑36 
and LI‑11 exerts a neuroprotective function with inhibited 
expression of p62. This study was conducted on a MCAO/R rat 
applied for 30‑min EA treatment for 3 days.[72] These findings 
show the ability of p62 suppression and its protective effect.

Discussion

In brief, autophagy involves clearing the dysfunctional or 
aged organelles to maintain cellular homeostasis. The role 
of autophagy in the human body is to sustain the stability of 
chromosomes, counteract apoptosis, regulate the immune 
system and host defenses. When autophagy mechanism 
is impaired, diseases such as neurodegenerative diseases, 
tumors, chronic inflammation, steatohepatitis, and muscle 
damage may develop.[24] In recent years, stroke has been the 
major global disability, with approximately 87% of all strokes 
caused by cerebral vessels’ blockage.[2] Hypoxic condition 
and progressive autophagy that occur in stroke, cause neurons 
to degrade.[1,2,10] The concept of acupuncture is to promote 
neuroprotection by modulating autophagy mechanisms, 
but further investigation on the underlying mechanisms is 
required. EA therapy has been shown to promote the recovery 
of ischemic cerebrovascular disease effectively.[8,41,73] Applying 
constant electrical stimulation through the needles increases 
the efficacy of therapy. PI3K/Akt/mTOR pathway not only 
regulates cellular apoptosis but also modulates growth and 
proliferation. Through this pathway, EA blocks the autophagy 
mechanism, which then improves CNS function and reduces 
brain injury.[59] Markers such as ULK1 complex, LC3, 
beclin‑1, and other autophagy markers facilitate the evaluation 
of autophagy activity levels and indicate the efficacy of 
acupuncture treatment.[28,32] As a result, these markers support 
the effectiveness of acupuncture therapy in modulating the 
autophagy mechanism.[41,74,75]

Previous studies have shown that EA treatments are able to 
modulate the autophagy pathway. However, to optimize EA 
treatment outcome, certain factors are required to be considered 
when providing EA treatment. Factors such as the acupoint 
selection, treatment duration and frequency, wave type, and 
intensity of electrical stimulation can also affect the treatment 
result. The above‑discussed studies showed that among 
various factors and groups of ischemic injury, a pretreatment 
and reperfusion at the first 24‑h group resulted in significant 
recovery from cerebral infarction [Table 1]. The upregulation 
of P13K/Akt‑mTOR and beclin‑1 decreases the level of LC3 in 
the brain. Acupoint selection has a significant role as different 
points have different benefits [Table 2]. These biomarkers help 
in monitoring the progress of the therapy and functions of the 
acupoints. Although animal studies have shown the benefits 
of EA treatment, EA may exert similar or different effects on 
human. The studies included in this review highlighted the 
time of ischemic injury or reperfusion as the essential key to 
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have high recovery from an injury, particularly in obtaining 
the neuroprotection activity and neurogenesis.

Table 2 summarizes the selections of common acupoints to 
treat ischemic stroke. GV‑20, GV‑24, GV‑26, LI‑11, and ST‑36 
are the commonly used acupoints as they can modulate the 
autophagy mechanism, while many other acupoints boost the 
treatment effect. Additionally, researches have shown that 
acupuncture effectively treats ischemic stroke. A traditional 
Chinese medicine classical book recorded the Shuigou (GV‑26) 
as a popular acupoint to treat strokes since ancient times.[49] 
The history record showed that this acupoint has unique 
functions and benefits to treat stroke. The historical evidence 
demonstrated the credibility of the acupoint’s function as 
the intervention method. The combinations of acupoints are 
also essential in significantly improving the recovery of brain 
injury, as the suitable combinations regulate the neurogenesis, 
blood flow, and neuroprotection from cell deaths. Therefore, 
the selection of acupoints is crucial in determining the efficacy 
of the treatment. Acupuncture is one of the good mediators in 
altering autophagy mechanisms to allowing neuroprotection 
and prevention of apoptotic mechanisms.

Conclusions

Acupuncture is effective in treating ischemic stroke, by 
inhibiting autophagy and producing neuroprotective effects. 
Compared to Western medicine, acupuncture requires 
more time to produce significant treatment outcome and 
improvement.[76] Acupuncture is a safer option with fewer side 
effects, especially for long‑term treatment duration. However, 
acupuncture requires further research and development due 
to the lack of evidence on detailed mechanism. The ideal 
treatment window and other factors of acupuncture treatment 
may result in better treatment outcome and higher survival of 
neuron cells. The selection of acupoints is crucial to determine 
the results and effects of autophagy and neuroprotection.
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