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a b s t r a c t 

Endogenous opioid peptides (EOP) are the neurochemical basis of the anesthetic and analgesic effects 

of acupuncture, and the quantity of acupuncture stimulus can be controlled accurately by using elec- 

troacupuncture (EA). The present study explores the dose-effect relationship between EA with different 

parameters and the regulation of EOP system. In this paper, the intervention effects of EA on EOP system 

were specially discussed in terms of the single factor and the different combinations of the frequency, 

waveform and current intensity. This study shows that EOP system presents a frequency-response speci- 

ficity. The low frequency of EA promotes the release of enkephalin, β-endorphin and endomorphin, the 

high one activates the dynorphin system selectively, and the intermediate frequency works on promot- 

ing the release of enkephalin and β-endorphin, as well as dynorphin. Sparse-dense wave of EA may in- 

duce the release of enkephalin, β-endorphin, endomorphin and dynorphin, presenting a synergistic effect. 

However, the waveform of EA should be selected flexibly in clinical practice. Sometimes the better ther- 

apeutic effect can also be obtained with the continuous wave of EA. EOP system is involved in mediating 

appropriate intensity of EA, while the acupuncture effect generated by an extra strong EA stimulation 

refers to a kind of stress response of non-opioid mechanism. The different combinations of EA parame- 

ters result in various effects. The combination of EA parameters should be optimized in accordance with 

different diseases, which is valuable for guiding clinical practice and the development of EA therapy. 

© 2023 World Journal of Acupuncture – Moxibustion House. Publishing services by Elsevier B.V. on 

behalf of KeAi Communications Co. Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The origin of acupuncture can be traced back to the clan com- 

unity period in the primitive society in China. " Bian stone" is the 

rototype of acupuncture device, the production of metal needling 

evice greatly promotes the development of acupuncture tech- 

iques [1] . Deqi (arrival of qi ) is essential for acupuncture effect 

n treatment of diseases. “Deqi determines the therapeutic effects”, 

nd “the quick onset of effect depends on the rapid deqi ”. It was

ot until the early 1950s that people began to intensify or maintain 

eqi with electric stimulation instead of manual twisting-needle 
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echnique so as to improve the curative effect of acupuncture. In 

953, the researchers confirmed the effects of EA therapy through 

xperimental studies and clinical observations [2] . Since then, EA 

echnology is popularized and developed rapidly in China. When 

eqi is obtained after needles inserted at acupoints, the electric 

timulus is delivered through the needles with a very little elec- 

ric current in EA therapy. Such operation generates a dual stim- 

lation by both acupuncture and electricity in treatment of dis- 

ases [3] . With the development of modern science and technol- 

gy, transcutaneous electrical acupoint stimulation (TEAS) becomes 

 new technology of treatment, in which, the non-invasive skin 

lectrodes are used instead of conventional needling of acupunc- 

ure. The constant electrical current stimulation breaks through the 

igh resistance of the keratoderma and reach the deep layer of 

cupoints in treatment [4] . At present, there are various means 
s by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open 
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f acupuncture such as manual needling, EA and TEAS. EA and 

EAS have been gradually accepted by the majority of physicians 

nd patients because of their significant therapeutic effect and ac- 

urate control of stimulation parameters [ 5 , 6 ]. The setting of dif-

erent stimulation parameters is crucial for EA effect, therefore, 

he selection of a proper parameters becomes the key topic of 

linical trial and mechanism study of acupuncture. The exact ma- 

erial basis has been determined in the generation of acupunc- 

ure effects through the research of acupuncture mechanism [7] . 

he neurochemical mechanism dominated by endogenous opioid 

eptides (EOP)system is one of the mainstream theories. Besides, 

onoamine neurotransmitters are also involved, represented by 

hrombocytin and norepinephrine; amino-acid neurotransmitters 

glutamate) and neuropeptides (substance P) [8] . This paper ex- 

ounds the dose-effect relationship between EA of different pa- 

ameters and the regulation of EOP system. 

. Endogenous opioid-peptide system 

Opioids are the oldest and most effective drug for the treatment 

f severe pain throughout human history [9–10] . But the receptors 

hat bind to opioids and are responsible for their physiological ef- 

ects were not confirmed in studies until the 1960s. Assumed logi- 

ally, these receptors are not present to bind plant compounds, but 

ather to bind endogenous molecules [11] . Hence, scientists intend 

o find opioid receptors in the body, and then to search for their 

ndogenous ligands. These EOP and their homoreceptors are col- 

ectively known as endogenous opioid system [10] . 

.1. Opioid receptors 

In 1973, Pert, Simon and Terenius used different radioligand- 

inding assays to confirm the opioid receptors in the brain [12–

4] . In 1992, the delta opioid receptor (DOR) was cloned from the 

G108-15 cell line of mouse brain [15–16] . In 1993, Chen et al. first

eported mu opioid receptor (MOR) cloned from cDNA library of 

at brain [17] , and in the same year, kappa opioid receptor (KOR) 

as cloned from striatal cDNA library of rat brain by Meng, et al. 

18] . In 1994, Mollereau et al. cloned a completely new receptor 

hose amino acid sequence shared 49% to 50% identity with rat 

OR, DOR, and KOR. However, the affinity of selective ligands for 

hese three classical opioid receptors is very low, indicating that 

his receptor is similar to the discovered opioid receptor struc- 

ure, but has different functional properties, thus it is named opi- 

id receptor-like 1 (ORL 1) [19] . 

.2. Endogenous opioid peptides 

EOP refers to small molecules that are naturally produced in 

he various glands (such as the pituitary and adrenal glands) in 

he central nervous system and the body, and can be used as both 

ormones and neuromodulators. EOP, as the hormone, is secreted 

rom the glands into the circulation and delivered to various re- 

ote target tissues where the responses are initiated. As the neu- 

omodulator, EOP is produced and secreted by neurons and works 

n the brain and spinal cord to regulate the actions of other neu- 

otransmitters [20] . The so-far discovered EOP includes enkephalin, 

ndorphin, dynorphin, norphin and orphorphin. 

In 1975, Hughes, et al. first isolated and purified enkephalin 

rom the pig brain, and reported two forms of enkephalin, i.e. me- 

hionine enkephalin (MEK) and leucine enkephalin (LEK) [ 21 ]. In 

he following year, Cox et al. found that the C-terminal 31 pep- 

ide of β-lipolysin in the pituitary, which was composed of 91 

mino acid residues and had an opioid function. They named it 

-endorphin [22] . In 1979, Goldstein’s research team extracted an 

xtremely active opioid substance from the pig pituitary, named 

ynorphin, and the first 13-amino acid sequence was determined 
10
nitially [23] . The 17-amino acid sequence of dynorphin was deter- 

ined completely in 1981 [24] . In 1982, the the dynorphin of 13 

eptides discovered were designated dynorphin B; and the previ- 

usly discovered 17-peptide dynorphin was designated dynorphin 

 [25] . 

The study shows that enkephalin is the endogenous lig- 

nd, while dynorphin is the endogenous ligand of KOR. But β- 

ndorphin has relatively similar affinity for MOR and DOR, which 

annot be identified as the specific ligand of MOR. Until April 

997, Zadina et al. reported that two 4-peptides acting like mor- 

hine were isolated from bovine brain, named endomorphine-1 

nd endomorphin-2, which are the bioactive peptides with the 

ighest affinity and selectivity for MOR known currently [26] . 

rphanin-FQ (OFQ) was isolated from rat and pig brain tissue in 

eunier and Reinscheid laboratories in 1995. It is EOP definitely, 

ut different from the classical opioid peptide in structure and 

unction, and it refers to the endogenous ligand of ORL 1 recep- 

or [ 27 , 28 ]. 

. EOP system is a key mediator of acupuncture effects 

The acupuncture anesthesia emerged in the late 1950s and it 

romotes the research on the mechanism of acupuncture analge- 

ia in China [29] . Acupuncture anesthesia is a special operation. 

he various systems of the human body are regulated through 

cupuncture analgesia, due to which, hypalgesia or the increase 

f pain threshold occurs after stimulating some acupoints when 

ndergoing surgery. In August 1958, Professor Hui-zhu YIN, from 

hanghai First People’s Hospital successfully performed the first 

urgery undergoing acupuncture anesthesia in the world [30] . In 

ecember of the same year, the operation with EA anesthesia was 

uccessfully delivered in Xi’an Fourth People’s Hospital [31] . In 

965, research on the mechanism of acupuncture analgesia was 

aunched in Shanghai, Beijing and other places [29] . In 1974, Pro- 

essor Ji-sheng HAN and his team reported that the pain thresh- 

ld of the recipient rabbits was increased significantly after inject- 

ng the cerebrospinal fluid (CSF) of “the CSF-supplied rabbits” into 

he ventricles of the “the CSF-received rabbits”. It indicates that 

eurochemicals with analgesic effect are produced in the brain 

uring acupuncture [7] . In 1977, Mayer et al. published that the 

nalgesic effect of acupuncture on pulp pain could be blocked by 

he intravenously-injected morphine receptor antagonist, naloxone. 

his finding first proves that endogenous opioid substance is in- 

olved in acupuncture analgesia in human body [32] . More impor- 

antly, in 1978, Peets et al. reported that the analgesic effect of EA 

as reduced in CXBK mice with lower density of opioid receptor. It 

hows that endogenous opioids are crucial in acupuncture analge- 

ia [33] . Professor Xiao-ding CAO and his team have engaged in the 

tudy of acupuncture analgesia mechanism for over 20 years since 

he end of 1964. Through multidisciplinary studies in neurophysi- 

logy, neuropharmacology and neuromorphology, it is proved that 

he afferent im pulse after stimulating the acupoints with acupunc- 

ure goes up along the conduction pathway of pain and tempera- 

ure perception to the brain, triggering the positive actions of the 

ransmitter system dominated by EOP, and realizing acupuncture 

nalgesia through the descending inhibition system [34] . In addi- 

ion, the researchers also observed that the tolerance to acupunc- 

ure is similar to morphine, and such phenomenon may be related 

o the anti-opiate substance generated along with endogenous opi- 

ids during acupuncture [35] . 

Through more than half a century of practice and development, 

t is proved that acupuncture analgesia activates the endogenous 

ain perception modulation system chiefly mediated by the opioid 

eptide system, which has been recognized in the field of global 

cientific field. In the study by Han JS, et al., among 3 975 articles 

elated to acupuncture, published from 1991 to 2009, there were 1 

47 articles associated with analgesia, and about 22% of those ar- 
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icles referred to the studies of the opioid mechanism [36] . As the 

ajor action, EOP system participates in the modulation of pain in- 

ormation, but it is also equally important on the regulation of the 

ndocrine and immune network, cardiovascular function, digestive 

ystem and respiratory system [37] . In 2020, Qi JL et al. took the

arget protein of acupuncture effect, the key protein of EOP sys- 

em as the source node, and accurately predicted the potential in- 

ications of acupuncture based on the human gene database Mala- 

ards. A total of 63 dominant diseases of acupuncture are con- 

luded, such as polycystic ovary syndrome, primary hypertension, 

igestive disorders and asthma, involving various systems of the 

ody. It is found that EOP system is the key medium of acupunc- 

ure effect [38] . 

. EOP system and dose-effect of EA 

.1. Dose-effect of EA 

In general, the quantity of acupuncture stimulus is the compre- 

ensive value of external physical factors exerted during acupunc- 

ure. The quantity of EA stimulus is in reference to acupuncture 

timulus. Such concept refers to the comprehensive value relevant 

ith the electric pulse stimulation during EA [39] . The relationship 

etween the quantity of acupuncture stimulus and efficacy consti- 

utes the dose-effect relationship of acupuncture [40] . This rela- 

ionship is also presented in EA. The selection of EA parameters is 

he key to the successful delivery of EA or TEAS. The main factors 

ffecting the EA stimulus quantity include the frequency, waveform 

nd intensity of the output of EA apparatus, and these three pa- 

ameters are interacted. Hence, the study should focus not only on 

he effects of individual parameter, but also on the responses to 

ifferent combinations. 

.2. Frequency of EA 

The EA frequency is the number of pulses per second, mea- 

ured in Hz [41] . Nerves conduct information by discharging in- 

ividual impulse. The coding of the transmitted information on a 

ingle nerve fiber is reflected by the frequency of the pulse, mean- 

ng the interval distance of the 2 pulses. Hence, the frequency of 

lectrical stimulation is regarded as the most important determi- 

ant for neuroregulation [42] . In clinic and experiment studies, 2 

z, 15 Hz and 100 Hz are identified as the standard setting for low, 

edium and high frequency of EA stimulus, respectively [43] . 

The study by Ji JH, et al. showed that 2 Hz EA promoted the re-

ease of the peripheral and central β-endorphin and enkephalin, 

nd effectively relieved visceral pain in the rat model of irrita- 

le bowel syndrome [44] . Cheng and Pomeranz reported that the 

ntraperitoneal injection of naloxone (1 mg/kg) in mice could be 

gainst analgesia obtained by low frequency (4 Hz) EA, but had no 

ffect on the analgesic effect of high frequency (200 Hz). It is pro- 

osed that analgesia only under low-frequency EA belongs to the 

pioid mechanism [45] . This finding promotes a further discussion 

bout the frequency specificity of naloxone for blocking EA anal- 

esia. Ji-sheng HAN and his team conducted the research for the 

ffects of subcutaneous injection with naloxone on EA analgesia in 

he rats. The results showed that analgesia under 2 Hz, 15 Hz and 

00 Hz of EA was reversed by 50% corresponding to 0.53 mg/kg, 

.02 mg/kg and 24 mg/kg of naloxone, respectively. It is pointed 

ut that the conclusion is limited for the study undergoing single- 

ose naloxone. In fact, naloxone can also reverse the analgesic ef- 

ect of high frequency of EA. The opioid peptides are involved for 

he analgesic effect with either the low or high frequency of EA. 

ompared with low-frequency EA stimulus, the dose of naloxone 

equired for 50% blockage of the analgesic effect is varied by over 

0 times in high-frequency EA. It is suggested that EA stimulus at 
11
ifferent frequencies may exert analgesic effects by releasing dif- 

erent endogenous morphine-like substances [46] . Because the sen- 

itivity to naloxone is not same among different opioid receptors, 

he complexity of naloxone for blocking the opioid peptides is di- 

erse. In the in vitro experiment of the ileum method in guinea 

igs by Goldstein, et al, the results showed that the apparent affin- 

ty of naloxone for completely blocking dynorphone is 1/13th that 

or blockage of LEK or normorphine [23] . 

The above assumption has been verified by using the antibody 

icroinjection method. The results indicated that the intrathecal 

njection of enkephalin antibody reduced the analgesic effect of 2 

z EA by over 70%. The blockage of antibody decreased with in- 

reasing the frequency of EA and the blockage was no longer gen- 

rated when the EA frequency was up to 128 Hz. The intrathe- 

al injection of dynorphin antibody reduced the analgesic effect of 

28 Hz EA by over 70%, but there was no any influence on 2 Hz

nd 4 Hz EA [47] . Injection of β-endorphin antibody into rat mid- 

rain periaqueduct gray matter reduced analgesia by 88% at 2 Hz 

f EA, by 61% at 15 Hz; and the analgesia was unaffected at 100 

z [48] . After the injection with endomorphine peptide antibody 

n the spinal subarachnoid space, EA analgesia was blocked at 2 

z, but without affected at 100 Hz [49] . The injection of OFQ an-

ibody into the lateral ventricle of rat had a synergistic effect on 

nalgesia under 100 Hz EA [50] . Besides, the 2/100 Hz stimulation 

ode was adopted in the experiment. One electrode was set to 

e 2 Hz and another one was at 100 Hz to stimulate two differ- 

nt acupoints simultaneously, but the brain center may accept the 

timulation as 102 Hz, which can only cause the increasing release 

f dynorphin in spinal perfusion fluid, rather than the increase of 

ndomorphine peptide induced by 2/100 Hz EA [51] . 

In the study by Fei H, et al, DOR antagonists and KOR recep- 

or antagonists were injected intrathecally in the rats, and it was 

ound that DOR antagonists only reduced analgesia of EA at 2 Hz. 

OR antagonist could be antagonistic on analgesia of 100 Hz EA. It 

s suggested that DOR mediated the effect of low-frequency EA and 

OR mediated the effect of high frequency [52] . Through cross- 

olerance experiment, EA was operated when the rats presented 

 tolerance to MOR agonist. The results showed that the analgesic 

ffect was weakened under 2 Hz and density wave 2/15 Hz EA, and 

hat of 100 Hz EA was not affected. It means that MOR is involved 

n mediating the analgesic mechanism of EA at 2 Hz and density 

ave 2/15 Hz [53] . 

Different opioid receptors and their endogenous ligands have 

he specificity for the responses to different frequencies. The 

ow-frequency (2 Hz) EA promotes the release of enkephalin, β- 

ndorphin and endomorphin, which acts on DOR and MOR. The 

igh-frequency (100 Hz) EA selectively activates the dynorphin sys- 

em, releasing dynorphin and acting on the KOR. The intermediate 

requency (15 Hz) EA may function somehow in between and it 

ay promote the simultaneous release of enkephalin, β-endorphin 

nd dynorphin. 

.3. Waveform of EA 

The common modulated pulse waveforms are sparse-dense 

ave and intermittent wave, and the continuous wave cannot be 

odulated. The continuous wave refers to a fixed frequency, with 

 same period of each pulse. Sparse-dense wave is a composite 

ave, meaning, sparse and dense waves are exerted alternatively. 

iscontinuous wave is a composite wave that is exerted intermit- 

ently and rhythmically [54] . 

The human body is prone to adapt to the electrical stimula- 

ion produced by the continuous wave, and the modulated pulse 

ave (e.g. sparse-dense wave, discontinuous wave) relatively re- 

uces the adaptive response of the above electrical stimulation 

41] . The effect of EA of sparse-dense wave and 2/15 Hz or 2/100 
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z is stronger than that by EA of the single frequency and continu- 

us wave. The optimal selection of waveform determines the influ- 

nce of EOP system on acupuncture effect [55] . EA of the sparse- 

ense wave and 2/100 Hz exerts the stimulation of low frequency 

2 Hz) and high frequency (100 Hz) alternatively, it may induce the 

imultaneous release of enkephalin, β-endorphin, endorphin and 

ynorphin, activates MOR, DOR and KOR, and generates synergistic 

ffects [56] . The results of cross-tolerance experiment showed that 

he sparse-dense wave and 2/15 Hz EA presented analgesic effects 

hrough three opioid receptors, i.e. MOR, DOR and KOR; and in- 

reased the release of both central enkephalin and dynorphin [57] . 

t is suggested that the EA stimulation under sparse-dense wave 

nd 2/15 Hz contains two kinds of information: first, low frequency 

2 Hz) and intermediate frequency (15 Hz) stimulation promotes 

he release of enkephalin and dynorphin respectively; second, the 

lternative waves produces a similar effect as high frequency one, 

hich enhances the release of dynorphin [46] . 

Hamza, et al. conducted the clinical research to verify the stim- 

lation effects of EA under sparse-dense wave and at single fre- 

uency with continuous wave, and observed the use dose of mor- 

hine for controlled analgesia after operation in patients. Morphine 

onsumption decreased by 32%, 35% and 53% in the continuous 

ave 2 Hz group, the continuous wave 100 Hz group, and the 

parse-dense wave 2/100 Hz group, respectively [58] . Based on the 

ynergistic effect of various types of EOP, the sparse-dense wave 

f EA stimulus presents some advantages. However, it should be 

elected flexibly depending on the individual case in clinic. For ex- 

mple, neuropathic pain must be treated with EA under 2 Hz con- 

inuous wave, and muscle spasm pain caused by central nervous 

ystem damage should be treated with EA under 100 Hz contin- 

ous wave, otherwise, the treatment is ineffective [59] . Regarding 

ain relief in the acute stage of lumbar disc herniation, the effect 

f the stimulus under sparse-dense wave is better than that under 

ontinuous wave and the intermittent wave, but for improving the 

umbar functions, the therapeutic effect is the best with the stim- 

lus under continuous wave [60] . 

.4. Intensity of EA 

The pulse amplitude represents the stimulation intensity of EA, 

hich generally refers to the difference between the maximum 

nd the minimum values of the pulse voltage or current, and also 

efers to the jump amplitude value during the change in a pulse 

ave [2] . 

The EA strength affects various systems, tissues and diseases 

elatively, thus it cannot be expressed by absolute quantity. Be- 

ides, the tolerance of either patients or animals to EA should be 

onsidered during study [41] . The sensory threshold is determined 

hen the output intensity of the current induces a gentle muscle 

umping at the needling insertion area, or the patient feels mild 

ingling and vibration in the local area. The slight rigidity or con- 

raction of the muscle induced by the increase of the current in- 

ensity, stress response in experimental animal or stabbing pain in 

atient shows the pain threshold [61] . In the study by Duanmu CL, 

t al. by determining the thresholds of A and C fibers with C fiber

eflex, EA intensity was distinguished, which provides a reference 

or the standardization of EA intensity [62] . A neuroanatomical ba- 

is for electroacupuncture to drive the vagal–adrenal axis was pub- 

ished on Nature , October 2021, which is a milestone event in the 

eld of basic research of acupuncture and moxibustion. The study 

roved that EA of high intensity (3 mA) at “Zusanli (ST36)” and 

Tianshu (ST25)” activated the sympathetic efferent activity and 

xerted the immunomodulatory effect through the spleen function. 

he low-intensity (0.5 mA) EA at “ST36” only presented its anti- 

nflammatory effect through activating the vagus-adrenal axis me- 

iated by PROKR2-Cre nerve fibers [63] . These findings highlight 
12
he importance of the choice of current intensity in the effect on- 

et of acupuncture. 

In the study by Huang, et al. [64] , the increased percentage of 

ail-flick latency after EA was used to measure EA-induced anal- 

esic effect. It was observed that the analgesic effect was positively 

orrelated with the current intensity when EA was set between 0.5 

A to 2.0 mA. When the current intensity increased to 3.0 mA 

rom 2.0 mA, the analgesic effect was remained stable. Naloxone, 1 

g/kg reversed the analgesic effect by 68% in 2 Hz EA of 2.0 mA 

roup, but it had no effect in 2 Hz EA of 3.0 mA group. Naloxone,

5 mg/kg blocked the analgesic effect by 67% in 100 Hz EA of 2.0 

A group, but it had no effect in 100 Hz EA of 3.0 mA group. It is

oncluded that opioids are not involved in EA mechanism with the 

urrent intensity over 2.0 mA. In the study by Zhang AZ, et al [65] ,

he defensive movement response and cortical pulp evoked poten- 

ial of rabbits were taken as the indicators of pain response. They 

ound that the intravenous injection of naloxone (0.4 mg/kg) could 

esist significantly the analgesic effect of suitable EA (peak current 

.5 mA to 8.0 mA), but it could not reverse the analgesic effect of 

uper-strong EA (peak current 12.5 mA to 15.0 mA). It is suggested 

hat opioid receptors may be involved in mediating the analgesic 

ffect of suitable EA, and the analgesia produced by super-strong 

A is a stress response of a non-opioid mechanism. 

Feng JJ, et al. [66] compared the assisted analgesic effect and 

he impacts on EOP among low (5 mA), moderate (12 mA) and 

igh (26 mA) intensities in TEAS, as well as 5 mA EA. The re- 

ults showed that the plasma enkephalin level was increased in 

he low-intensity TEAS group; the release of plasma β-endorphin 

nd enkephalin was promoted in the moderate-intensity TEAS and 

A groups. The analgesic effect of moderate-intensity TEAS was 

etter when compared with the low and high-intensity TEAS. 

igh-intensity TEAS did not significantly affect the content of β- 

ndorphin and enkephalin in the venous blood. It is noteworthy 

hat the analgesic effect of moderate-intensity (12 mA) TEAS is 

imilar to that of EA at 5 mA. TEAS and EA are the common in-

erventions for analgesia by stimulating the different hierarchical 

tructures of acupoints. Duanmu CL, et al. [62] adopted two inten- 

ities of stimulation to activate A fiber threshold (Ta) or C fiber 

hreshold (Tc) and compare the analgesic effects between EA and 

EAS in rats with muscle inflammatory pain. The results indicated 

hat TEAS at Tc intensity and EA at Ta intensity attenuated pain 

ehavior and abnormal EMG distribution in model rats. Concern- 

ng the different levels of the pain source site, the analgesic effect 

an only be obtained by activating different afferent nerve fibers at 

ifferent intensities. It is suggested that the afferent mechanisms 

f TEAS and EA effect are different, and the effects of EA stimula- 

ion are various by selecting different intensities. 

In conclusion, there is a range of intensity at which the current 

ntensity of EA works on the release of EOP in terms of underlying 

echanism of EA. However, the measurement basis and method 

or the quantification of current intensity have not been unified 

n both animal experiment and clinical treatment currently. There 

s the divergence in quantifying the strength of electric current. It 

s suggested that the parameter range of electric acupuncture ap- 

aratus should be standardized in advance so as to contribute to 

he following study on quantifying the parameters of EA [67] . In 

nimal experiment, if the selected EA intensity is too strong, A δ
erve fiber and C fiber could be activated, inducing a certain de- 

ree of stress analgesia [5] , which may mobilize other non-opioid 

echanism. It needs to be discussed additionally. 

.5. Effect combination of different parameters of EA 

The parameters of EA are interacted among each other, rather 

han worked individually. Exploring the effects of different pa- 

ameter combinations on EOP is conductive to clinical practice of 
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A. In the research by Kuai L, et al. [68] , based on the orthogo-

al experimental design, the pain threshold and the content of β- 

ndorphin in local inflammatory tissues were taken as the indica- 

ors in rat inflammatory pain model, and the best parameters of EA 

or treatment were 100 Hz in frequency, discontinuous waveform 

nd 0.1 mA in current intensity. In the research [69] , the analgesic 

ffect and impact on peripheral β-endorphin content in rats with 

ibial cancer pain were compared between the 2/100 Hz + sparse- 

ense wave + 1 mA EA group and the 2/100 Hz + sparse-dense 

ave + 2 mA EA group. The results showed that the pain thresh- 

ld was all increased in two groups, and EA of 2 mA promoted 

he release of β-endorphin into blood more significantly [69] . Wan 

, et al. [70] stimulated POMC knockout mice ( β-endorphin defi- 

iency) and wild-type mice with EA of different parameters. The 

esults indicated that 2 Hz EA of low intensity (with 0.3 mA, 0.4 

A, 0.5 mA) could increase significantly the pain threshold of the 

ild-type mice, and the pain threshold in the gene knockout group 

ell rapidly after a slight rise at the beginning of EA. The 2 Hz EA of

igh intensity (with 0.8 mA, 1.0 mA, 1.2 mA) induced analgesia in 

oth the gene knockout mice and the wild-type ones. With 100Hz 

A of low intensity (with 0.3 mA, 0.4 mA, 0.5 mA), analgesia was 

ot presented in both groups, but with the progressive increase of 

A intensity (with 0.6 mA, 0.8 mA, 1.0 mA), the analgesic effect 

as re-obtained in two groups. From the perspective of gene, it is 

roved that β-endorphin and low-frequency (2 Hz) EA are involved 

n analgesia, rather than mediated by high-frequency (100 Hz) EA. 

owever, it is also reflected that the analgesic effect of EA is de- 

ermined by the comprehensive actions of frequency and intensity 

f EA. The combination of different EA parameters may lead to the 

elease of various kinds of EOP. How to carry out the quantitative 

tudy of EA parameters based on the findings of single-factor re- 

earch is the crucial direction of further research so as to guide 

he clinical practice. 

In summary, we believe that EA stimulation is a holistic con- 

ept, and the multiple parameters constitute the basic elements 

f EA treatment and they interact with each other to influence 

ts effect. Acupuncture and its related techniques induce the cas- 

ade reactions through the exogenous stimulation acting on spe- 

ific parts of the body surface, and then activate the inherent reg- 

latory system function in the body, and eventually achieve the 

isease prevention and treatment [ 71 , 72 ]. The information and en- 

c

Fig. 1. EOP system and dose-effect relationship of electro

13
rgy carried by the quantity of EA stimulus are interactive in the 

ody, and its intervention on endogenous substances is affected by 

he body conditions and disease characteristics [73] . It is proposed 

hat the dose-effect research of EA should associate with the indi- 

idual characteristics of diagnosis and treatment of traditional Chi- 

ese medicine and maintain the essence of traditional acupuncture 

esides focusing on the regularity between the stimulus quantity 

nd effect size. 

. Conclusion and outlook 

The study on the mechanism of acupuncture anesthesia and 

ts analgesia has clarified that EOP is the neurochemical basis of 

naesthetic and analgesic effect of acupuncture. During EA, the 

uantity of stimulus may be accurately controlled and the stud- 

es have found that EA of different parameters can promote the 

elease of different kinds of EOP, and their effects are mediated by 

ifferent types of opioid receptors. The study of EA parameters has 

een developed from single factor to the interaction of different 

arameters. It is believed that the stimulation delivered by EA of 

ifferent parameters is similar to the action of different doses in 

edication. However, acupuncture is different from medication in 

ction mode, with more complicated and subtle regulatory effects 

nvolved; it is mainly reflected in its specific selectivity. It needs 

o undertake a further study on its potential mechanism. For in- 

tance, as mentioned above, in the research by Qiu-fu MA’s team 

n recent years, the neuronal level of specific labeling has been 

recisely determined on the base of anatomy, and it is the signifi- 

ant breakthrough in research of the dose-effect relationship of EA. 

lthough analgesic effect is one of the main acupuncture effects, 

nd EOP system has been involved in many studies, the other po- 

ential effects and the relevant functional regulatory mechanisms 

hould be also worth considering in future. Zhang SL, et al. con- 

rmed that met-enkephalin up-regulates opioid receptor expres- 

ion in lung cancer cells via Bcl-2/Bax/caspase-3 signaling pathway, 

nd subsequently enhances natural killer cell-driven tumor immu- 

ity [74] . The study by Chen MY, et al. showed that dynorphin A 

xerts the protective effects by intervening the oxidative stress and 

poptosis in cerebral ischemia-reperfusion injury [75] . Studies have 

lso shown that the activated DOR brings the protection in the is- 

hemic damage of the brain and retina, while such effect induced 
acupuncture (frequency, waveform and intensity). 
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y EA is closely related to the activation of DOR [ 76–80 ]. There-

ore, EOP system is a crucial medium of acupuncture effect, and 

nderstanding its potential mechanism is of great significance for 

xpanding the dominant diseases of acupuncture and exploring the 

unctions of EOP system. 

The study of the dose-effect relationship of EA with different 

arameters based on EOP system is conductive to providing tar- 

eted and precise EA parameters for clinical applications. More 

uantitative studies of different stimulation parameters are re- 

uired to ensure the effective control of them in practice. The 

chievement of basic researches needs to be transformed to guide 

linical practice, and then improve the specificity and effect of 

reatment ( Fig. 1 ). 

RediT authorship contribution statement 

Ping CHEN: Literature search, drafting of the manuscript, Revis- 

ng the article. Hong XU: Participate in topic selection and design, 

evision of the content of the article. Ren ZHANG: Participate in 

opic selection and design, revision of the content of the article. 

ue-song TIAN: Conceived of and designed the paper, providing 

uidance on the writing and revision of the full-text content, Se- 

ured the funding. 

ole of the funder/sponsor 

The study sponsor the National Natural Science Foundation of 

hina, 6th Cycle Medical Key Specialty Construction Project of Jin- 

han District, Three Years Action Plan of Shanghai to Further Accel- 

rate the Development of Traditional Chinese Medicine had no role 

n the design and conduct of the study; collection, management, 

nalysis, and interpretation of the data; preparation, review, or ap- 

roval of the manuscript; and decision to submit the manuscript 

or publication. 

eclaration of Competing Interest 

The authors declare that there is no known competing finan- 

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this paper. 

tate of human/animal rights 

No need to declare in this pape. 

ata sharing statement 

You can contact the corresponding author for the data. 

eferences 

[1] Wang CY, Zhou Y, Zhu JY, Zhu ZY, Zhang Y, Wang XJ. Innovation and devel-

opment of acupuncture techniques driven by needling instruments changes. J 
Tradit Chin Med 2021;62(05):375–80 . 

[2] Li ZR. Experimental acupuncture. Beijing: China Press of Traditional Chinese 
Medicine; 2003. p. 237–40 . 

[3] Liu TY, Shen H, Yang HY, Gao M. Discussion on the industry stan- 

dard: electroacupuncture therapy device. Chin Acupunct Moxibustion 
2016;36(01):99–101 . 

[4] Zhang JS, Zhang XT, Zou LP, Zhang R, Han SP, Han JS. A preliminary study
on effect of transcutaneous electrical acupoint stimulation for children with 

autism. Acupunct Res 2017;42(03):249–53 . 
[5] Han JS. Research on acupuncture anesthesia-analgesia. Acupunct Res 

2016;41(05):377–87 . 
[6] Hou YT, Yan Q, An HY, Wang JL, Tian M, Zhao WS, et al. The use and protec-

tive effects of transcutaneous electrical acupoint stimulation during abdominal 

surgery: study protocol for a multicenter randomized parallel controlled trial. 
Trials 2019;20(1):462 . 

[7] Research Group of Acupuncture AnesthesiaBeijing Medical College: the 
role of some neurotransmitters of brain in acupuncture analgesia. Sci Sin 

1974;17:112–30 . 
14
[8] Zhao ZQ. Neural mechanism underlying acupuncture analgesia. Prog Neurobiol 
2008;85(4):355–75 . 

[9] Stein C. Opioid Receptors. Annu Rev Med 2016;67(1):433–51 . 
[10] Corder G, Castro D C, Bruchas M R, Scherrer G. Endogenous and Exogenous 

Opioids in Pain. Annu Rev Neurosci 2018;41:453–73 . 
[11] Fricker LD, Margolis EB, Gomes I, Devi LA. Five Decades of Research on Opi- 

oid Peptides: Current Knowledge and Unanswered Questions. Mol Pharmacol 
2020;98(2):96–108 . 

[12] Pert CB, Snyder SH. Opiate receptor: demonstration in nervous tissue. Science 

1973;179(4077):11011–14 . 
[13] Simon EJ, Hiller JM, Edelman I. Stereospecific binding of the potent narcotic 

analgesic(3H) Etorphine to rat-brain homogenate. Proc Natl Acad Sci U S A 
1973;70(7):1947–9 . 

[14] Terenius L. Characteristics of the “receptor” for narcotic analgesics in synaptic 
plasma membrane fraction from rat brain. Acta Pharmacol Toxicol (Copenh) 

1973;33(5):377–84 . 

[15] Kieffer BL, Befort K, Gaveriaux-Ruff C, Hirth CG. The delta-opioid receptor: iso- 
lation of a cDNA by expression cloning and pharmacological characterization. 

Proc Nat Acad Sci USA 1992;89(24):12048–52 . 
[16] Evans CJ, DE Keith Jr, Morrison H, Karin Magendzo, Edwards RH. 

Cloning of a delta opioid receptor by functional expression. Science 
1992;258(5090):1952–5 . 

[17] Chen Y, Mestek A, LIU J, Hurley JA, Yu L. Molecular cloning and func- 

tional expression of a mu-opioid receptor from rat brain. Mol Pharmacol 
1993;44(1):8–12 . 

[18] Meng F, Xie GX, Thompson RC, Mansour A, Goldstein A, Watson SJ, et al. 
Cloning and pharmacological characterization of a rat kappa opioid receptor. 

Proc Nat Acad Sci USA 1993;90(21):9954–8 . 
[19] Mollereau C, Parmentier M, Mailleux P, Butour JL, Moisand C, Chalon P, et al. 

ORL1, a novel member of the opioid receptor family: cloning, functional ex- 

pression and localization. FEBS Lett 1994;341(1):33–8 . 
20] Janecka A, Fichna J, Janecki T. Opioid receptors and their ligands. Curr Top Med 

Chem 2004;4(1):1–17 . 
[21] Hughes J, Smith TW, Kosterlitz HW, Fothergil LA, Morgan BA, Morris HR. Iden- 

tification of two related pentapeptides from the brain with potent opiate ago- 
nist activity. Nature 1975;258(5536):577–80 . 

22] Cox BM, Goldstein A, Li HC. Opioid activity of a peptide, be- 

ta-lipotropin-(61-91), derived from beta-lipotropin. Proc Nat Acad Sci USA 
1976;73(6):1821–3 . 

23] Goldstein A, Tachibana S, Loeney LI, Hunkapiller M, Hood L. Dynor- 
phin-(1-13), an extraordinarily potent opioid peptide. Proc Nat Acad Sci USA 

1979;76(12):6666–70 . 
24] Goldstein A, Fischli W, Lowney LI, Hunkapiller M, Leroy Hood. Porcine pituitary 

dynorphin: complete amino acid sequence of the biologically active heptade- 

capeptide. Proc Nat Acad Sci USA 1981;78(11):7219–23 . 
25] Fischli W, Goldstein A, Hunkapiller MW, Hood LE. Two “big” dynorphins from 

porcine pituitary. Life Sci 1982;31(16-17):1769–72 . 
26] Zadina J E, Hackler L, Ge LJ, Kastin AJ. A potent and selective endogenous ago-

nist for the mu-opiate receptor. Nature 1997;386(6624):499–502 . 
27] Meunier J C, Mollereau C, Toll L, Suaudeau C, Moisand C, Alvinerle P, et al.

Isolation and structure of the endogenous agonist of opioid receptor-like ORL1 
receptor. Nature 1995;377(6549):532–5 . 

28] Reinscheid RK, Nothacker HP, Bourson A, Ardati A, Henningsen RA, Bunzow JR, 

et al. Orphanin FQ: a neuropeptide that activates an opioidlike G protein-cou- 
pled receptor. Science 1995;270(5237):792–4 . 

29] Zhang R. Development history of acupuncture anesthesia in China. Shanghai: 
Shanghai Scientific and Technological Literature Press; 1989. p. 1–26 . 

30] Chen SK. Scientific research of integrated traditional Chinese and Western 
medicine and its enlightenment (2): famous physiologist Academician Han 

Jisheng and his study on the principle of acupuncture analgesia and anesthe- 

sia. Chin J Integrated Tradit Western Med 2016;36(10):1157–61 . 
[31] Zhou J. Historical review about 60 years’ clinical practice of acupuncture anes- 

thesia. Acupunct Res 2018;43(10):607–10 . 
32] Mayer DJ, Price DD, Rafii A. Antagonism of acupuncture analgesia in man by 

the narcotic antagonist naloxone. Brain Res 1977;121(2):368–72 . 
33] Peets JM, Pomeranz B. CXBK mice deficient in opiate receptors show poor elec- 

troacupuncture analgesia. Nature 1978;273(5664):675–6 . 

34] Cao XD. Acupuncture analgesia by activating the analgesic function system in 
the brain. Acupunct Res 1989(Z1):199–200 . 

35] Han JS, Tang J, Huang BS, Liang XN, Zhang NH. Acupuncture tolerance in rats: 
anti-opiate substrates implicated. Chin Med J (Engl) 1979;92(9):625–7 . 

36] Han JS, Ho YS. Global trends and performances of Acupunct Res. Neurosci 
Biobehav Rev 2011;35(3):680–7 . 

37] Hu WX, Liu M. Molecular pharmacy of the opioid receptor. Beijing: Chemical 

Industry Press Co., Ltd.; 2014. p. 9–26 . 
38] Qi JL, Chen Y, Gong YN, Meng XD, Chen B, Li MY, et al. Prediction of acupunc-

ture-predominant diseases based on target protein of acupuncture effect. J 
Sichuan Tradit Chin Med 2020;38(01):176–80 . 

39] Wang P, Yang HY, Hu YE. Study on the project of quantification 
of electroacupuncture stimulation quantity. Chin Acupunct Moxibust 

2009;29(05):417–20 . 

40] Zhou YH, Huang G, Huang ZL, Yang GZ, Zhang XL, Dai AH. Literature analy- 
sis on the dose-response relationship of acupuncture twirling method. J Tradit 

Chin Med 2022;63(09):882–8 . 
[41] Yu SG. GY. Experimental acupuncture. Shanghai: Shanghai Scientific & Techni- 

cal Publishers; 2014. p. 71–3 . 

http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0001
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0002
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0003
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0004
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0005
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0006
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0007
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0008
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0009
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0010
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0011
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0012
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0013
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0014
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0015
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0016
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0017
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0018
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0019
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0020
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0021
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0022
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0023
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0024
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0025
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0026
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0027
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0028
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0029
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0030
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0031
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0032
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0033
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0034
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0035
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0036
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0037
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0038
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0039
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0040
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0041


P. CHEN, H. XU, R. ZHANG et al. World Journal of Acupuncture – Moxibustion 34 (2024) 9–15

[

[

[

[

[

[

[  

[

 

[  

[

[  

[

[

[

[

[

[

[

[

[  

[

[  

[

[

[

[

[

[

[  

 

[  

 

[  

[  

[  

[  
42] Han JS, Sun W. Application of transcutaneous acupoint electrical stimula- 
tion technique in reproductive medicine. Hongzhou: Zhejiang University Press; 

2018. p. 12. 1 . 
43] Han JS. Acupuncture analgesia: areas of consensus and controversy. Pain 

2011;152(3 Suppl):S41–8 . 
44] Jia JH, Huang ZZ. Study on the regulating effects of electroacupuncture on 

β-endorphin andenkephalin in visceral pain rats with irritable bowel syn- 
drome. World Chin Med 2020;15(19):2873–7 . 

45] Cheng RSS, Pomerans B. Electroacupuncture analgesia could be mediated by at 

least two pain-relieving mechanisms; endorphin and non-endorphin systems. 
Life Sci 1979;25(23):1957–62 . 

46] Han JS, Ding XZ, Fan SG. Antagonism of analgesia with the morphine receptor 
determined by the frequency of electroacupuncture stimulation. Acta Physio- 

logica Sinica 1986(05):475–82 . 
[47] Han JS. Induction of the release of central neuropeptides by peripheral 

electrical stimulation. J Peking University (Health Sciences) 2002(05):408–

413 . 
48] He CM, Han JS. Attenuation of low rather than high frequencyelectroacupunc- 

ture analgesia following microinjection of β-endorphin antiserum into the pe- 
riaqueductal gray in rats. Acupunct Scientific Intern J 1990;1:94–9 . 

49] Han Z, Jiang YH, Wan Y, Wang Y, Chang JK, Han JS. Endomorphin-1 mediates
2 Hz but not 100 Hz electroacupuncture analgesia in the rat. Neurosci Lett 

1999;274(2):75–8 . 

50] Tian JH, Han J S. Functional studies using antibodies against orphanin 
FQ/nociceptin. Peptides 20 0 0;21(7):1047–50 . 

[51] Wang Y, Zhang Y, Wang W, Cao Y, Han JS. Emerging evidences of the synergis-
tic analgesic effect generated endomorphine and dynorphin. Chin J Pain Med 

2002(02):118–19 . 
52] Fei H, Sun SL, Han JS. Evidences of high frequency and low frequency for re-

spectively releasing dynorphin and enkephalin in the spinal cord. Chin Sci Bull 

1988(09):703–5 . 
53] Chen XH, Han JS. Analgesia induced by electroacupuncture of different fre- 

quencies is mediated by different types of opioid receptors: another cross–
tolerance study. Behav Brain Res 1992;47(2):143–9 . 

54] Lin QP, Liu Y, Xu JB, Yang J, You XM, Zhang JX. Effect of electroacupuncture
combined with ginger-isolated moxibustion on endometrial receptivity in in- 

fertile patients with polycystic ovarian syndrome. World J Acupunct Moxibust 

2022;32(01):15–20 . 
55] Chen XH, Guo SF, Han JS. Selection of the optimal stimulation conditions for 

acupuncture analgesia. J Peking Univ (Health Sci) 1993(05):338 . 
56] Wang Y, Zhang Y, Wang W, Gao Y, Han JS. Effects of synchronous or 

asynchronous electroacupuncture stimulation with low versus high fre- 
quency on spinal opioid release and tail flick nociception. Exp Neurol 

2005;192(1):156–62 . 

57] Chen XH, Han JS. Analgesia induced by electroacupuncture of different fre- 
quencies is mediated by different types of opioid receptors: another cross–

tolerance study. Behav Brain Res 1992;47(2):143–9 . 
58] Hamza MA, white PF, Ahmed HE, Ghoname EA. Effect of the frequency of tran- 

scutaneous electrical nerve stimulation on the postoperative opioid analgesic 
requirement and recovery profile. Anesthesiology 1999;91(5):1232–8 . 

59] Deer Timothy R. Comprehensive treatment of chronic pain by medical, inter- 
ventional, and lntegrative approaches. Berlin: Springer; 2013. p. 875–6 . 

60] Li YJ, Zhou Y. Electroacupuncture of different wave patterns for acute attack of 

lumbar discherniation. World J Acupunct-Moxibust 2021;31(03):207–11 . 
61] Liu YS. On the simulated application of electroacupuncture therapy for 

the reinforcing and reducing in clinical practice. Chin Acupunct Moxibust 
1997(09):569–71 . 

62] Duanmu CL, WANG XY, ZhangXN He W, Su YS, Wang HY, et al. Elec- 
troacupuncture and transcutaneous electrical acupoint stimulation with differ- 

ent intensities relive muscular inflammatory pain of the rats. Acupunct Res 

2020;45(11):902–7 . 
15
63] Liu SB, Wang ZF, Su YS, Qi L, Yang W, Fu MZ, et al. A neuroanatom-
ical basis for electroacupuncture to drive the vagal–adrenal axis. Nature 

2021;598(7882):641–5 . 
64] Huang C, Wang Y, Han JS, Wan Y. Characteristics of electroacupuncture-in- 

duced analgesia in mice: variation with strain, frequency, intensity and opioid 
involvement. Brain Res 2002;945(1):20–5 . 

65] Zhang AZ, Zeng DY, Zhang LM, Cheng JS, Ye ZJ, Ou SP. Effect of naloxone on the
analgesic effect caused by different intensities of electroacupuncture. Acupunct 

Res 1981(02):136–40 . 

66] Feng JJ, Wang E, Zhang XH, Chen TY, Zhou J. Effects of transcutanclus electrical 
acupoint stimulation with different intensities on analgesia after thoracoscopic 

surgery. Acad J Shanghai Univ Tradit Chin Med 2019;33(02):50–4 . 
67] Zhu D, Bai JJ, Zhang XQ, Xu XZ, Zhang JB. Research progress on 

quantification of electroacupuncture parameters. Chin Acupunct Moxibust 
2015;35(05):525–8 . 

68] Kuai L, Yang HY, Jiang J, Chen H. Comparison of analgesic effects of elec- 

troacupuncture of multi-factor quantitative parameters on inflammatory pain 
in rats. Chin Acupunct Moxibust 2008(11):829–32 . 

69] Lu QY, Wang F, Zhang TT, Kuai L, Chen H. Effects of electroacupunc- 
ture with different current intensities on β-endorphin levels in peripheral 

blood in rats with tibial cancer pain. China J Tradit Chin Med Pharmacy 
2015;30(09):3329–32 . 

70] Wan Y, Mogil JS, Huang C, Han JS. Decrease of flow frquency (2Hz) elec- 

troacupuncture analgesia in mice lacking β-endorphin. Chin J Pain Med 
1999(03):161–7 . 

[71] Li ZZ, Guo Y, Guo YM. Basic characteristics of acupuncture effect. J Clin 
Acupunct Moxibustion 2012;28(11):5–6 . 

72] Bai Y, Guo Y. A preliminary discussion on regulative network of acu-moxibus- 
tion stimulating signals. Acupunct Res 2013;38(04):330–3 . 

73] Lin LL, Wang LQ, Yang JW, Tu JF, Wang TQ, Zou X, et al. Researches status on

time-effect of acupuncture. Chin Acupunct Moxibust 2019;39(05):565–70 . 
[74] Zhang SL, Liu N, Ma MX, Huang H, Handley M, Bai XL, et al. Me-

thionine enkephalin (MENK) suppresses lung cancer by regulating the 
Bcl-2/Bax/caspase-3 signaling pathway and enhancing natural killer cell-driven 

tumor immunity. Int Immunopharmacol 2021;98:107837 . 
75] Chen MY, Zhang XD, Fan JX, Sun H, Yao QL, Shi JM, et al. Dynorphin A (1-8)

inhibits oxidative stress and apoptosis in MCAO rats, affording neuroprotec- 

tion through NMDA receptor and κ-opioid receptor channels. Neuropeptides 
2021;89:102182 . 

[76] Cheng M, Geng Y, Chen Y, Zhang YJ, Guo RJ, Xu H, et al. δ-Opioid receptor
activation ameliorates lipopolysaccharide-induced inflammation and apoptosis 

by inhibiting the MAPK/caspase-3 pathway in BV2 microglial cells. Exp Brain 
Res 2021;239(2):401–12 . 

77] Geng Y, Chen YT, Sun W, Gu YM, Zhang YJ, Li M, et al. Electroacupuncture

Ameliorates Cerebral I/R-induced inflammation through DOR-BDNF/TrkB Path- 
way. Evid-Based Compl Alternat Med 2020:3495836 . 

78] Guo RJ, Chen P, Fu TT, Chen J, Xia Y, Zhang R, et al. Role of δ-opioid receptors
in electroacupuncture against retinal ischemia-reperfusion induced retinal cell 

necroptosis. Acad J Shanghai Univ Tradit Chin Med 2022;36(05):52–9 . 
79] Guo RJ, Chen P, Fu TT, Zhang R, Zhu Y, Jin N, et al. Activation

of Delta-Opioid Receptor Protects ARPE19 Cells against Oxygen-Glucose 
Deprivation/Reoxygenation-Induced Necroptosis and Apoptosis by Inhibiting 

the Release of TNF- α. J Ophthalmol 2022;2022:2285663 PMID: 36457949; 

PMCID: PMC9708366. doi: 10.1155/2022/2285663 . 
80] Guo RJ, Zhang YJ, Geng Y, Chen P, Fu TT, Xia Y, et al. Electroacupuncture ame-

liorates inflammatory response induced by retinal ischemia-reperfusion in- 
jury and protects the retina through the DOR-BDNF/Trkb pathway. Front Neu- 

roanat 2023;16:1057929 PMID: 36686575; PMCID: PMC985016. doi: 10.3389/ 
fnana.2022.1057929 . 

http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0042
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0043
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0044
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0045
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0046
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0047
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0048
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0049
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0050
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0051
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0052
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0053
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0054
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0055
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0056
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0057
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0058
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0059
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0060
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0061
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0062
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0063
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0064
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0065
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0066
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0067
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0068
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0069
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0070
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0071
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0072
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0073
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0074
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0075
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0076
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0077
http://refhub.elsevier.com/S1003-5257(23)00043-0/sbref0078
https://doi.org/10.1155/2022/2285663
https://doi.org/10.3389/fnana.2022.1057929

	Dose-effect relationship between electroacupuncture with different parameters and the regulation of endogenous opioid peptide system
	1 Endogenous opioid-peptide system
	1.1 Opioid receptors
	1.2 Endogenous opioid peptides

	2 EOP system is a key mediator of acupuncture effects
	3 EOP system and dose-effect of EA
	3.1 Dose-effect of EA
	3.2 Frequency of EA
	3.3 Waveform of EA
	3.4 Intensity of EA
	3.5 Effect combination of different parameters of EA

	4 Conclusion and outlook
	CRediT authorship contribution statement
	Role of the funder/sponsor
	Declaration of Competing Interest
	State of human/animal rights
	Data sharing statement
	References


