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CRT: Chemo-Radiotherapy

CcO: Cytochrome c Oxidase

COX: Cyclooxygenase

ERK: Extracellular Signal-Regulated Kinases

EP2/4:  prostaglandin E₂ receptor 2/4

Grxs/GSH-GSSG: glutathione/glutaredoxin systems

IL: Interleukin

IR: Infrared

JNK: Jun Amino-Terminal Kinases

LLLT: Low-Level Laser Therapy

MAPK: Mitogen-Activated Protein Kinase

mETC: mitochondrial Electron Transport Chain

MAO: Monoamine Oxidase

NADPH: Nicotinamide Adenine Dinucleotide Phosphate

NF-κB: Nuclear Factor Kappa B

NIR:  Near Infrared 

NO: Nitric Oxide

NOX: Nicotinamide Adenine Dinucleotide Phosphate Oxidases

PBM: Photobiomodulation

PI3K: Phosphoinositide 3-kinases; also called phosphatidylinosi-
tol 3-kinases

Prx: Peroxiredoxin

PKC: Protein Kinase C

RCT: Randomized Control Trial

ROS: Reactive Oxygen Species

RT: Radio Therapy

SOD: Superoxide Dismutase

TENS: Transcutaneous Electrical Nerve Stimulation

TGF: Transforming Growth Factor

TNF-α: Tumor Necrosis Factor-Alpha

TRPV1: Transient Receptor Potential Vanilloid 1

TRX: Thioredoxin

Introduction
 Acupuncture is a form of clinical management that has been gain-
ing recognition for its therapeutic effects, which include pain control  

Wei TH, et al., J Altern Complement Integr Med 2022, 8: 230
DOI: 10.24966/ACIM-7562/100230

HSOA Journal of
Alternative, Complementary & Integrative Medicine

Review Article

Tzu-Hsuan Wei1* and Ching-Liang Hsieh1,2,3

1Department of Chinese Medicine, China Medical University Hospital, Taic-
hung, Taiwan 

2Chinese Medicine Research Center, China Medical University, Taichung, 
Taiwan

3Graduate Institute of Acupuncture Science, College of Chinese Medicine, 
China Medical University, Taichung, Taiwan

Effect of Acupuncture on Oxi-
dative Stress and Inflammation: 
From Mechanisms to Therapeu-
tic Applications

Abstract
 Inflammation is a common feature of disorders affecting various 
systems in the body, and oxidative stress can lead to an imbalance 
in the cellular metabolism and impaired regeneration of injured tis-
sue. The therapeutic effect of manual acupuncture and electroacu-
puncture has long been studied. In this study, we conducted a lit-
erature review focusing on oxidative stress and inflammation and 
the therapeutic effect of acupuncture on pathological pathways. Our 
results reveal that through a novel light therapy technique, manual 
acupuncture and electroacupuncture can be combined to provide an 
alternative method for optimizing their therapeutic effects.
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[1], immunomodulation [1-3], homeo-static regulation [1,4,5] and 
antidegeneration [1,6]. Meridian theory, which was first described in 
The Yellow Emperor’s Classic of Internal Medicine, is a key theory 
guiding the medical practice of acupuncture. The “meridians,” also 
called “channels,” are networks spreading throughout the body, al-
lowing organs and tissues to communicate with each other and pro-
ducing a dynamic balance in the body as a biosystem. Studies have 
revealed the neuroanatomical basis of the therapeutic effects of acu-
puncture, demonstrating that most acupoints are located on or adja-
cent to peripheral nerve trunks or branches, capillary vessels, blood 
vessels, lymphatic vessels, nerve receptors, nerve endings, or mast 
cells. The meridians correspond to the trajectories of relevant deep 
peripheral nerves, including blood vessels, and stimulation at the acu-
points creates the synaptic afferent input to a particular spinal or tha-
lamic neuron, known as the receptive field [4]. Moreover, molecular 
evidence of electroacupuncture’s influence on the vagal–adrenal axis 
has been used to explain the anti-inflammatory effect of acupuncture 
[4]. Low-intensity laser acupuncture has been used for asthma man-
agement, revealing acupuncture’s immuno-modulatory effect and its 
ability to adjust the ratio between the oxidant and antioxidant systems 
and normalize respiratory function parameters [7].

 In this study, we focused on oxidative stress and inflammation, 
which play a key role in the development of diseases, and the thera-
peutic effect of acupuncture on pathological pathways. A combination 
of the classical theory of acupuncture and new acupoint stimulation 
techniques provides numerous possibilities for the application of acu-
puncture in clinical management.

Materials and Methods
 The authors electronically searched for articles reporting the Re-
sults of randomized Controlled Trials (RCTs), systematic reviews, 
and meta-analyses on the PubMed database by using the following 
keywords alone or in various combinations: “oxidative stress,” “acu-
puncture,” “mechanism,” “intravenous laser irradiation,” and “photo-
biomodultion.” English articles published between 2013 and Novem-
ber 2021 with available full texts were included in the study.

Results
 In total, 415 full-text articles reporting RCTs, systemic reviews, 
and meta-analyses were identified; 354 articles were excluded on the 
basis of the title and abstract, because of the RCT protocols employed, 
or because they were identified as identical or similar to other articles 
upon a reading of the full text. Two additional articles were included 
after searching the reference lists of the identified articles. Of the 63 
articles included, 5 included a systematic review and meta-analysis in 
the same article and were thus excluded as duplications. Consequent-
ly, 58 articles were included in our literature review.

Oxidative Stress and Inflammation in the Development of 
Pathological Changes

 Reactive oxygen species (ROS) serve as cell signaling molecules 
for normal biologic processes. However, ROS generation can also 
damage multiple cellular organelles and hamper processes, which 
can disrupt normal physiology. Knowledge of the pathophysiology 
underlying several nervous system diseases, such as dementia, epi-
lepsy, and Parkinson disease, is increasing, clarifying its relationship 
with chronic inflammation and the impairment of cell regeneration 
[1]. A common feature of system disorders, such as cancer, asthma, 
hypertension, obesity, depression, and schizophrenia, is the central  

role of inflammation and oxidative stress [8]. An imbalance between 
the production of ROS and the antioxidant defenses that protect cells 
has been identified in the pathological changes of various tissues and 
organ systems (Figure 1). The nature of the injury ultimately depends 
on specific molecular interactions, cellular locations, and the timing 
of the injury.

 Typically, a dynamic redox balance exists between oxidative 
stress and reductive systems in cells to maintain cellular viability. An 
altered redox balance and deregulated redox signaling is involved in 
the progression of malignancies and resistance to treatment (e.g., che-
motherapy for cancer). A high Reactive Oxygen Species (ROS) level 
often indicates genetic-, metabolic-, and microenvironment-associat-
ed alterations. The consequences of increased oxidative stress are de-
termined by the antioxidant ability of the affected cell. Abbreviations: 
cyclooxygenase, COX; glutathione/glutaredoxin systems, Grxs/GSH-
GSSG; mitochondrial electron transport chain, mETC; monoamine 
oxidase, MAO; nicotinamide adenine dinucleotide phosphate, NA-
DPH; nicotinamide adenine dinucleotide phosphate oxidases, NOX; 
peroxiredoxin, Prx; superoxide dismutase, SOD; thioredoxin, TRX.

 Low concentration of ROS affect many cellular metabolism pro-
cesses, including the activation of key transcription factors, such as 
nuclear factor kappa B (NF-κB). This results in the expression of stim-
ulatory and protective genes, which generate growth factors belong-
ing to the fibroblast growth factor family, proinflammatory cytokines, 
and chemokines involved in tissue repair [3]. In hypoxic or otherwise 
stressed cells, mitochondria produce Nitric Oxide (NO), which binds 
to Cytochrome c Oxidase (CcO) and displaces oxygen [3], inhibiting 
cellular respiration and reducing Adenosine Triphosphate (ATP) pro-
duction. ATP is the universal energy source in living cells; it is essen-
tial for all biologic reactions, and even a small increase in ATP levels 
can enhance bioavailability to power the functions of cellular metab-
olism [3]. By contrast, a decrease in ATP contributes to the accumula-
tion of oxidative stress, a state that develops when the levels of ROS 
exceed the defense mechanisms. Oxidative stress then activates the 
intracellular signaling pathway, involving several intranuclear tran-
scription factors: redox factor-1, activator protein-1, NF-κB, p53, the 
activating transcription factor and cAMP-Response Element–Binding 
(CREB) protein, hypoxia-inducible factor-1, and the HIF-like factor 
[1,3]. These transcription factors induce the downstream production  

Figure 1: Schematic of the dynamic redox balance of cells.
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of both inflammatory mediators, such as tumor necrosis factor-alpha 
(TNF-α), interleukin (IL)-1 and IL-6, COX-2, and prostaglandin E2, 
and anti-inflammatory mediators, such as transforming growth factor 
(TGF)-β and IL-10 [1,3].

 Moreover, noxious stimulation can rapidly stimulate protein kinase 
C, resulting in the translocation of this molecule from the intracellular 
compartments to the plasma membrane. The p38α mitogen-activated 
protein kinase (MAPK) was first recognized for its role in inflam-
mation, regulating the biosynthesis of the proinflammatory cytokines 
IL-1 and TNFα [1]. Inflammation is induced through the activation 
of these cytokines, after which they interact with cognate receptors 
through the small GTPases [1]. Consequently, chronic pain develops 
when activated p38 continues to increase in the spinal cord and dorsal 
root ganglion neurons, where it phosphorylates transcription factors 
and proinflammatory cytokines and propagates pain signals [1]. An-
other clinical factor in cancer management is the chronic sequelae 
of Radiotherapy (RT) and Chemoradiotherapy (CRT). An excessive 
fibroblastic response has been hypothesized to be related to acute oxi-
dative injury, contributing to extensive cell damage, ischemia, and an 
ongoing inflammatory response resulting in fibrosis [2,3].

Reduction of oxidative stress and inflammation through 
acupuncture

 During acupuncture, a physician inserts a thin and sterilized metal 
needle into the skin at specific acupoints and manipulates the needle 
to achieve “de qi” status (a status of which accounts that acupuncture 
has achieve therapeutic dose of stimulation). In addition to conven-
tional manual acupuncture, novel methods for stimulating acupoints 
have emerged, enabling a growing range of therapeutic applications. 
For example, electro-acupuncture and Transcutaneous Electrical 
Nerve Stimulation (TENS) applied to acupoints are used to manage 
neuralgia [1,4,5], migraine [6], soft tissue injuries [2], osteoarthritis 
[1], poststroke rehabilitation [1,7,9] and functional dyspepsia [10].

 Studies have revealed that most acupoints are located on or adja-
cent to peripheral nerve trunks or branches, capillary vessels, blood 
vessels, lymphatic vessels, nerve receptors, nerve ending, or mast 
cells [11]. One of the mechanisms of acupuncture involves enabling 
multireceptive neurons to receive convergent signals from the skin, 
muscles, and visceral synapses, thus influencing individual spinal 
neurons. Therefore, manipulating needles at specific acupoints can 
trigger a cascade of signal transduction, especially spinal neuron re-
ceptive fields, and also affect the neuroendocrine system through as-
cending neural pathways [11,12].

 At a molecular level, acupuncture can regulate multiple signal 
pathways, including the p38 MAPK, Raf/MAPK/extracellular sig-
nal-regulated kinases (ERK) 1 and 2, toll-like receptor 4/ERK, phos-
phatidylinositol-4,5-bisphosphate 3-kinase/protein kinase B, adenyl 
cyclase/cyclic-adenosine mono-phosphate (cAMP)/protein kinase A 
(PKA), apoptosis signal-regulating kinase 1 (ASK1)-c-Jun amino-ter-
minal kinases (JNK)/p38, and down-stream CREB, JNK, mamma-
lian target of rapamycin (mTOR), NF-κB, and B-cell lymphoma 2/ 
Bcl-2-associated X Bax balance pathways [1]. For example, reversing 
the detrimental effect of cerebral ischemic or hemorrhagic injury in-
volves modulating the ERK/JNK/p38 signal pathway, which has an 
antiapoptosis effect on the brain area. Improvements in Alzheimer 
disease, vascular dementia, and Parkinson disease also involve the 
regulation of the p38 MAPK pathway [1]. The inactivation of IL-
1β/p38 in the frontal lobe and hippocampus has a positive effect on  

cognition and memory. Moreover, acupuncture has an analgesic ef-
fect through the stimulation of both ascending and descending pain 
signaling pathways [1].

 Notably, an RCT study demonstrated that different neurobiolog-
ical mechanisms are triggered during the application of TENS man-
agement only and “acupuncture-like” TENS (applying electrical 
nerve stimulation to acupoints with the guidance of meridian theo-
ry), resulting in distinct analgesic effects [4]. The analgesic effect of 
TENS was maximal when nociceptive stimuli were delivered unilat-
erally (i.e., to the same hand that received the TENS); by contrast, 
acupuncture-like TENS produced a spatially diffuse analgesic effect, 
coupled with long-lasting changes both in the state of the primary 
sensorimotor cortex (S1/M1) and the functional connectivity between 
S1/M1 and the medial prefrontal cortex, a core region in the descend-
ing pain inhibitory system [4].

Combining photobiomodulation and acupuncture to re-
duce oxidative stress and inflammation

 The discovery of the biomodulation effect allows physicians to use 
various wavelengths of a low-level laser to achieve beneficial effects, 
such as promoting cell regeneration, wound healing, anti-inflamma-
tion, and blood circulation and improving edema in patients with can-
cer following RT and CRT [2,13]. Optostimulation, using blue-light 
pulses on acupoint ST36 (“Zusanli” in Chinese; an acupoint located 
below the knee on the tibialis anterior muscle, along the stomach me-
ridian), has also been reported to reduce TNF and IL-6 production 
by 50% and increase noradrenaline, adrenaline, and dopamine serum 
levels in animal models compared with a control group [5,12,14-16].

 A large body of evidence exists that supports the efficacy of 
low-level laser therapy, more recently termed photobiomodulation 
(PBM), for both the combined and postradiation management of sev-
eral cancers, including head and neck cancer [2,3,17,18] and breast 
cancer [19]. Studies have reported that acupuncture is beneficial for 
symptom management in patients with cancer; these symptoms in-
clude pain, nausea, hot flushes, fatigue, radiation-induced xerostomia, 
prolonged postoperative ileus, anxiety and mood disorders, and sleep 
disturbance [20-22]. The aforementioned studies have highlighted 
promising clinical applications of the use of PBM combined with me-
ridian theory for selecting the site for laser stimulation.

 PBM is the therapeutic use of light to transduce energy into the 
tissue and cells. Near Infrared (NIR) and Infrared (IR) are visible light 
that can be absorbed by endogenous chromophores, triggering non-
thermal and noncytotoxic biological reactions through photochemical 
or photophysical events. Current evidence suggests that PBM acts 
pre-dominantly on CcO in the mitochondrial respiratory chain by fa-
cilitating electron transport, resulting in an increased transmembrane 
proton gradient that drives ATP production [3,23]. The absorption of 
IR or NIR light triggers a transient burst of ROS, followed by an 
adaptive reduction in oxidative stress; the activated TGF-β1 also par-
ticipates in mitigating the inflammation, thereby effectively reducing 
pain and leading to tissue regeneration [3,24-28]. PBM has also been 
referred to as a “low-level laser” because the light is of relatively low 
intensity compared with other forms of medical laser treatment for 
ablation, cutting, and coagulation [3].

 Evidence suggests that when PBM is administered with appropri-
ate parameters to stressed cells, NO is dissociated from its compet-
itive binding to CcO, thus reducing oxidative stress; consequently,  
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ATP production is increased, and the balance between pro-oxidant 
and antioxidant mediators is restored [3,28-31]. PBM has been 
demonstrated to attenuate the production of ROS through human neu-
trophils [3] and reduce ROS in traumatic tissue injuries in an animal 
model, and a study of an acute lung inflammation model revealed that 
PBM reduces the generation of TNF-α and increases IL-10 [3,28,29]. 
In addition, NO is a potent vasodilator and can increase the blood sup-
ply to the light-stimulated tissue. PBM-mediated vascular regulation 
increases tissue oxygenation and promotes the gathering and function 
of immune cells, which may contribute to repair and regeneration 
[3,24,25,28-36]. Moreover, in vivo studies have demonstrated that 
PBM is neuroprotective and may benefit neurodegenerative diseases 
and neurotrauma [3,25,37-41].

 PBM’s biological effects are closely dose-related, and an optimal 
parameter setting is required to achieve a therapeutic effect [3,25,41-
53]. For example, irradiating soft tissue using a 632–635-nm diode 
laser enhances tissue repair and regeneration [49-51,53] and an 830-
nm diode laser reduces pain at trigger points but without influencing 
the function of muscle rigidity [54]. PBM with a relatively high-pow-
er density (>300 mW/cm2), when absorbed by nociceptors, has an 
inhibitory effect on A and C fibers, the neural fibers that conduct pain 
signals. PBM at this stimulation intensity slows neural conduction 
velocity, reduces the amplitude of compound action potentials, and 
suppresses neurogenic inflammation [3,48].

 Few eligible articles reporting RCTs clearly described laser acu-
puncture management. Nonetheless, a report on a Russian study 
detailed the application of laser acu-puncture in bronchial asthma 
management, including the wavelength used, treatment frequency, 
and outcomes [55]. Hyperviscosity syndrome has been reported to 
occur in patients with bronchial asthma, and normalizing hemody-
namics, recovering microcirculation, and restoring a normal ratio be-
tween the immune cells and cytokine levels (e.g., IgA, IgG, and IgE) 
is crucial during remission. The aforementioned study demonstrated 
that the optimal time for local exposure in treating patients with aller-
gic bronchial asthma using a pulsed IR low-intensity laser (890-nm 
wavelength, 5–7 W, 700–1600 Hz) is 60 s (paravertebrally) and 300 s 
(supraclavicular region) [55]. The following acupuncture points were 
used: BL10 (Tianzhu), BL11 (Dazhu), BL13 (Feishu), BL12 (Feng-
men), BL15 (Xinshu), BL17 (Geshu), RN22 (Tiantu), RN21 (Xuan-
ji), RN20 (Huagai), RN17 (Shan-chung), RN16 (Zhongting), RN15 
(Jiuwei), SP6 (Sanyinjiao), ST14 (Kufang), ST15 (Wuyi), ST36 
(Zusanli), LI4 (Hegu), LU (Lieque), and LU11 (Shaoshang). The au-
ricular points were AAP55 (Shen Men point), AAP31 (Ping Chuan, 
asthma point), and AAP13 (adrenal control point). As a result of this 
treatment, general and local eosinophilia and cutaneous and local sen-
sitivity to specific allergens were reduced. The positive clinical effect 
of the therapy was accompanied by immune normalization: T-lym-
phocyte and T-helper cell counts significantly increased, the level of 
IgA and IgG increased, and the percentage of degranulated mast cells 
decreased [55].

 Moreover, laser acupuncture was reported to enhance molecu-
lar membrane rearrangements by reducing cholesterol and the fatty 
acid saturation factor, increasing the portion of phospholipids, and 
reducing microviscosity [55]. Functional modification in cells, such 
as increasing the phagocytic index and neutrophil count, was also re-
ported [55]. These effects contribute to restoring the oxygen transport 
function of the blood as well as the balance of immune cells ratios.

Mechanism and effects of intravanous laser irradiation

 Intravascular Laser Irradiation of Blood (ILIB) therapy involves 
the use of a helium–neon laser at a wavelength of 632.8 nm (red 
light), which is transmitted through an optical fiber using a phlebot-
omy cannula. This treatment has biomodulatory effects that reduce 
inflammation, regulate the immunologic response, improve the rhe-
ological behavior of blood, and simulate antioxidant enzymatic ac-
tivities [56]. ILIB is also used as an alternative treatment for various 
diseases, including chronic spinal cord injury, cognitive impairment, 
cerebral stroke, traumatic brain injury, rheumatoid arthritis, fibromy-
algia, and chronic pain. A common feature of these diseases is im-
paired blood circulation and hypoxia in the affected tissue or organ 
[56]. Similar to PBM, ILIB is a form of light therapy that enhances 
ATP synthesis through the spectral absorption of CcO in the mito-
chondrial respiratory chain [56].

 Laser energy at 630–640 nm has been reported as the most ef-
fective wavelength for ILIB because photons at this wavelength are 
absorbed by oxygen, improving microcirculation, which changes the 
viscosity of the blood and affects the vascular endothelium [57]. An-
other study using a diabetic rat model revealed that ILIB with con-
stant and shorter wavelengths, such as blue (λ = 450 nm), was more 
effective than longer wavelengths, such as red (λ = 638 nm) and IR (λ 
= 808 nm), at lowering the IL level [58] (Figure 2).

 Acupuncture and electroacupuncture can regulate multiple sig-
nal pathways and reduce the production and action of inflammatory 
mediators. Laser irradiation acts on the cytochrome c oxidase in the 
mitochondria and increases ATP production, this lowering oxidative 
stress. Abbreviations: protein kinase B, Akt; activator protein 1, AP-1; 
prostaglandin E₂ receptor 2/4, EP2/4; phosphoinositide 3-kinases are 
also called phosphatidylinositol 3-kinases, PI3K; transient receptor 
potential vanilloid 1, TRPV1.

Discussion
 Manual acupuncture and electroacupuncture are performed by in-
serting a needle into the skin as deep as the muscle layers, depending  

Figure 2: Summary of oxidative stress and the effects of electroacupunc-
ture and laser irradiation therapy.
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on the selected acupoint. Physicians perform manipulation to enhance 
the stimulation of the acupoint and related meridians for a therapeutic 
effect. Evidence suggests that acupuncture has local and systemic ef-
fects on the nervous system and also has immunomodulatory effects. 
At a molecular level, acupuncture’s therapeutic mechanism involves 
regulation of intracellular metabolism and cell proliferation. Because 
oxidative stress and inflammation play a key role in the development 
of diseases, an early prophylactic application of acupuncture may 
offer advantages in clinical management. The many studies and as-
sociated variables and covariables assessed in this study revealed a 
number of acupuncture and acupoint stimulation methods.

 With regard to laser acupuncture, although the therapeutic effects 
are unclear when applied alone, this method can be useful as a pro-
phylactic or as a complement to conventional treatment. Moreover, 
associated wavelengths and several further factors, including the 
site of irradiation, should be considered when identifying the optical 
parameters. The available evidence indicates that laser acupuncture 
provides therapeutic benefits by transducing the stimulation using 
specific lights into the soft tissues, blood, and immune cells; thus, 
the site selected for irradiation should be rich in these tissues and or-
ganelles. However, risks remain because soft tissues rich in vascular, 
lymphatic, or nerve-ending structures are susceptible to injury from 
overstimulation. We therefore recommend that only trained physi-
cians use laser acupuncture to optimize the clinical effects and ensure 
the safety of the procedure.

Conclusion
 Studies have demonstrated the considerable potential of combin-
ing the clinical application of acupuncture with PBM for optimizing 
acupuncture’s therapeutic effects.
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