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Abstract
Background. Electroacupuncture is well known for its advantageous neuroanalgesic and therapeutic
effects on myocardial ischemia-reperfusion injury. The purpose of the present research was to verify
whether electroacupuncture can alleviate bupivacaine-induced myocardial injury.

Methods. Speci�c-pathogen-free Wistar rats were used to establish the bupivacaine-induced myocardial
injury model. Western blot, PCR, transmission electron microscope and enzyme-linked immunosorbent
(ELISA) methods were used to evaluate bupivacaine-induced structure injury and dysfunction of the
mitochondria as well as the alleviating effects of lipid emulsion, acupoint injection, and
electroacupuncture pre-treatment of the oxidase stress response.

Results Bupivacaine caused structural damage, degradation, and swelling of mitochondria. Furthermore,
it reduced adenosine triphosphate (ATP) synthesis and impaired energy metabolism in the mitochondria.
Structural and functional impairment of the mitochondria was alleviated via lipid emulsion injection,
acupoint injection, and electroacupuncture pre-treatment. Electroacupuncture pre-treatment yielded a
greater alleviating effect than the other two approaches. Following electroacupuncture pre-treatment, the
number of mitochondria increased; apoptosis was reduced, enzymatic activity of cytochrome C oxidase
(COX) and superoxide dismutase and expression of uncoupling protein 2, voltage-dependent anion
channel 1, and Bcl 2 were upregulated and SLC25A6, MDA levels were downregulated. Additionally, our
�ndings indicated that electroacupuncture pre-treatment exerted an effect on the mitochondria via the
mitochondrial-transcription-factor-A / nuclear-respiratory-factor-1 / proliferator-activated-receptor-gamma-
coactivator -1 pathway.

Conclusion The present study revealed that electroacupuncture pre-treatment could effectively alleviate
bupivacaine-induced myocardial mitochondrial damage, thereby providing a theoretical basis for clinical
studies and applications of this treatment method.

Background
Local anesthesia is often performed during surgical procedures to reduce the suffering of patients and
improve surgery success rates [1]. However, local anesthesia can also lead to complications, resulting in
inevitable adverse effects. Local anesthesia affects the central nervous system and the cardiovascular
system and may therefore lead to neurotoxicity [2], resulting in nerve injuries and pathological changes in
the peripheral nerves. Deaths from local anesthesia are mainly attributed to adverse effects on the
cardiovascular system, which include contractile dysfunction and cardiac arrhythmia [3], and are mainly
characterized by hemodynamic changes [4].

Bupivacaine is an amide, which is a long-acting local anesthetic commonly administered in various
procedures, such as labor analgesia and total knee arthroplasty. Bupivacaine has the advantage of rapid
onset of action and is relatively safe at the recommended dosage [5]. However, overdose or accidental
intravasal application of bupivacaine can result in signi�cant adverse effects. For every 1,000 peripheral



Page 3/17

nerve blocks, 0.04 to 1.8 cases of myocardial toxicity are likely to occur, leading to severe symptoms [6].
Bupivacaine reportedly induces muscle toxicity in skeletal muscles [5]. Bupivacaine-induced
cardiotoxicity may result in cardiac arrhythmia, poor myocardial contractility and cardiac arrest due to
circulatory collapse [7, 8]. Sztark et al. reported that bupivacaine may directly inhibit mitochondrial
respiratory chain complex I (MRCC-I), alter mitochondrial membrane structure, increase proton
permeability in the mitochondrial inner membranes (MIMs), induce loss of mitochondrial calcium, and
reduce mitochondrial membrane potential (MMP) [9], thereby affecting the respiratory function and
energy production of the mitochondria and eventually leading to mitochondrial dysfunction.

Evidently, bupivacaine inhibits MRCC-I activity in a dose-dependent manner, accounting for alterations in
mitochondrial energy �uxes [10]. Bupivacaine negatively regulates fatty acid oxidation and oxidative
phosphorylation and inhibits the activity of mitochondrial carnitine transferases, thereby reducing the
synthesis of adenosine triphosphate (ATP) required for myocardial contractility [7]. Bupivacaine also
inhibits the aerobic respiration of the mitochondria; speci�cally, decoupling of oxidative phosphorylation
alters MMP and inhibits mitochondrial respiration, resulting in the production of reactive oxygen species
(ROS) in the mitochondria and triggering the mitochondrial pathway of apoptosis[11]. Lipid emulsion is
widely used to alleviate bupivacaine-induced myocardial toxicity because this technique can enhance
mitochondrial metabolism and improve myocardial contractility [12, 13]. Similarly, puerarin isolated from
the traditional Chinese medicine radix puerariae has demonstrated a protective effect on myocardial
infarction by targeting the mitochondria [14].

Over the past three millennia, acupuncture has exhibited signi�cant potential in clinical studies of various
diseases in China and other Asian countries. Electroacupuncture (EA) is a combination of acupuncture
and electrical stimulation [15]. Because EA allows for more precise parameter tuning, it has been widely
applied in clinical studies [16]. Previous studies have shown that EA can regulate mitochondria
autophagy, inhibit NLRP3 in�ammasome activation, and alleviate myocardial injury [17, 18]. EA can also
serve as an adjuvant therapy for various types of pain with fewer side effects; glial cells may contribute
to these analgesic effects [19]. Besides, EA can also affect the secretion of proin�ammatory cytokines
and vascular endothelial growth factor by regulating endocrine hormones [20].

Acupuncture-assisted anesthesia, such as ST36 stimulation is commonly used in clinical studies to
reduce the required dose of bupivacaine and thus avoid its the side effects [21]. Similarly, acupuncture of
ST40 can exert a protective effect on heart structure and function by regulating the metabolism of lipid
emulsions [22]. The Neiguan point (Pericardium-6, PC6) is located on the medial surface of the forelimb
between the tibia and the ulna. Researchers have veri�ed that PC6 plays a vital role in cardiovascular
diseases when stimulated. Reportedly, the protective effects of PC6 EA are predominantly achieved via
the regulation of various signals of mitochondrial energy metabolism [23]. In present study, we explored
the effects of PC6 stimulation on structure and function of mitochondria.

Materials & Methods
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Materials

The primary materials used in the present study were as follows: fetal bovine serum (FBS), bupivacaine,
lipid emulsions, puerarin injections, pentobarbital sodium, the RNeasy Mini Kit (QIAGEN), the QuantiNova
SYBR Green PCR Kit (QIAGEN), the QuantiNova Reverse Transcription Kit (QIAGEN), Anti-UCP2 (GeneTex),
Anti-NRF1 (GeneTex), Anti-SLC25A6 (GeneTex), Anti-mtTFA (GeneTex), Anti-VDAC1, Anti-PGC-1 (Abcam),
Anti-Bcl-2 (Abcam) and and ATP assay kit (Abcam, ab83355). JC-1 kit (Beyotime, C2006), Fluo-3 AM
(Abcam), DCFH-DA (Solarbio), Rat COX ELISA kit (CUSABIO), MDA ELISA Kit (Elabscience).  

General animal and animal group treatment conditions

Animal experimentation was carried out in the present study in accordance with the requirements of
Committee of the Animal Protection and Utilization Institute. This study was approved by animal
experiment ethics of Gansu University of Traditional Chinese Medicine (No. 2018-018) and complied with
the Declaration of Helsinki. Male speci�c-pathogen-free Wistar rats (8-week-old, weighing 300±10 g) were
provided by Shanghai Experimental Animal Co., Ltd. (Shanghai, China). Each of these animals was
anaesthetized and placed in the supine position on a surgical platform, and three needle electrodes were
placed under the skin to produce a 12-lead electrocardiogram (ECG) and monitor other basic conditions,
such as blood pressure and heart rate.

The experimental rats were divided into �ve groups as follows: control group (n=8) rats intravenously
infused with 3 ml of 0.9% physiological saline solution (kg/min) and sacri�ced after 30 min; bupivacaine
group (n=16) rats intravenously infused with physiological saline solution for 30 min and then infused
with 0.5% bupivacaine to induce cardiac arrhythmia or death (standard criteria for cardiac arrhythmia);
lipid emulsion group (n=16) rats subject to continuous intravenous infusion with 3 ml of 20% lipid
emulsion for 30 min, followed by infusion with bupivacaine to induce cardiac arrhythmia or death;
puerarin group (n=16) rats infused with bupivacaine after being injected with 0.1 ml of puerarin at PC6 on
both forelimbs; and EA group (n=16) rats infused with bupivacaine after 30 min of EA stimulation
(longitudinal wave: 2/10 Hz; current intensity: 2 mA; pulse width: 0.2 ms) at PC6 on both forelimbs. The
rate and duration of infusion and lipid emulsion administration were determined according to a study
reported by Weinberg [24]. Cardiac arrhythmia was assessed by an electrocardiographer on the basis of
premature ventricular contractions (PVC) or ventricular tachycardia (VT) with the duration of the QRS
complex prolonged. At the conclusion of the experiment, the rats were euthanized and subjected to
retrograde perfusion followed by immediate resection of their hearts for subsequent analyses.

Isolation of mitochondria

Myocardial mitochondria were isolated using a previously published method with some modi�cations
[25]. The rats were euthanized with pentobarbital sodium, and their hearts were harvested, excised into
small pieces, and homogenized. This process was followed by the removal of cell debris. Then, the
supernatant was centrifuged at 13,000 g for 10 min to isolate the mitochondria.
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Mitochondrial membrane potentials (MMP) assay

MMP was measured with a JC-1 kit (Beyotime, C2006) according to the manufacturers’ instructions. The
1x JC-1 working solution was added to the puri�ed mitochondria with an appropriate proportion and the
results were analyzed using a �uorescence spectrophotometer. The excitation wavelength was 458nm,
and the emission wavelength was 590nm.

Determination of calcium ion levels in mitochondria

Mitochondrial calcium ion concentrations were measured using Fluo-3 AM in accordance with previous
study[7]. Fluo-3 AM was added to resuspended mitochondria and incubated for 1h. Then, the Fluo-3 AM
was removed. Fluorescence intensity was analyzed by �ow cytometry after the mitochondria were
subjected to Triton X100, calcium chloride and EDTA, respectively.

Reactive oxygen species measurement

Cardiomyocytes were isolated from the SD rats, and their ROS levels were evaluated by incubating the
cells in DCFH-DA. After 30min incubation, the cells were subjected to washed, and resuspended.
Subsequently, the results were analyzed using a microplate reader at an excitation wavelength of 488 nm
and an emission wavelength of 525 nm.

ATP content

Myocardial ATP levels were measured using a commercial assay kit. Brie�y, tissues were lysed and
centrifuged at 12,000 g and 4°C for 5 min. The resulting supernatant was harvested for subsequent
assays. Mitochondrial ATP content was analyzed by colorimetry using phosphomolybdic acid.

Enzyme linked immunosorbent assay (ELISA)

After being homogenized in phosphate-buffered saline, the tissue samples were centrifuged to obtain the
supernatant for subsequent measurements. All experimental procedures were carried out in accordance
with the manufacturers’ instructions provided with the commercial kits. Standard samples and test
samples were placed in wells intended for blank, standard, and test samples, respectively. After being
incubated at 37°C for 30 min, each well was washed and incubated with the enzyme-labelling reagent.
Then, the wells were washed again and subjected to color development. After the reaction was
terminated, the absorbance value of each well was measured to estimate the sample concentration. This
experiment was repeated three times.

qPCR

Cardiac muscle tissues were rapidly harvested and immersed in liquid nitrogen to extract RNA for
subsequent analyses. Experimental procedures were carried out in accordance with the instructions
provided with the commercial kits. The purity and quality of the resulting RNA samples were determined
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alongside the removal of DNA, followed by a reverse transcription PCR (RT-PCR) assay. Primer sequences
for the target genes are listed in Table 1.

Western blot

After the tissue samples were homogenized, the supernatant was obtained for the purpose of isolating
total proteins using a protein extraction kit. After the protein concentration was measured, the total
proteins were loaded in equal amounts and separated via sodium dodecylsulphate polyacrylamide gel
electrophoresis. Subsequently, the proteins were transferred onto a polyvinylidene �uoride membrane,
which was then incubated with special primary antibodies followed by secondary antibodies for 1 h at
37℃. Western blot images were obtained via the enhanced chemiluminescence method. Grayscale
analysis was performed on target protein bands using Image J software, and the results were analyzed
statistically.

Transmission electron microscopy

Myocardial tissues were sequentially �xed with 2.5% glutaraldehyde and 1% citric acid then dehydrated in
an acetone gradient and embedded in resin. Then the embedded tissues were dried rapidly prior to
sectioning. Next, tissue sections were stained and imaged under an electron microscope. Mitochondrial
injuries were assessed using the Flameng score [26]. Five microscopic �elds were randomly selected to
obtain the mean Flameng score for each group and the mitochondria were graded according to the
following criteria: Grade 0 (score 0), mitochondria with normal ultramicrostructure and intact granules;
Grade I (score 1), mitochondria with basically normal ultramicrostructure and partial loss of granules;
Grade II (score 2), swollen mitochondria with transparent matrices; Grade III (score 3), mitochondria with
transparent matrices and fragmented cristae or formation of �occulent densities in their mitochondrial
matrices; and Grade IV (score 4), mitochondria lacking matrix with fragmented cristae and disrupted outer
membranes.

Statistical analysis

The statistical analyses of the present study were performed using SPSS 20.0 software, and the data
were expressed as means of the scores yielded by triplicate experiments. Multiple comparisons between
groups were carried out using one-way analysis of variance (ANOVA). P-values <0.05 were considered to
indicate statistically signi�cant results.

Results
Protective effect of different treatments on bupivacaine-induced myocardial injury

Previous studies have demonstrated that EA pre-treatment exerts an alleviating effect on bupivacaine-
induced toxicity [8]. As shown in Fig. 1A, signi�cant differences in the lethal dose of bupivacaine were
observed between different groups, among which the EA pre-treatment of PC6 corresponded to the
highest lethal dose of bupivacaine. This �nding suggested that EA had the greatest alleviating effect
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against myocardial toxicity. Rats injected with puerarin at PC6 corresponded to the second-highest lethal
dose of bupivacaine, while intravenous injection with lipid emulsions yielded a relatively poor alleviating
effect but still outperformed the bupivacaine group. The results showed that bupivacaine signi�cantly
prolonged the duration of the QRS complex. The duration of QRS complex was 26ms, 32ms, 260ms in
control, arrhythmia, and lethal groups respectively. The difference between the control and arrhythmia
groups was signi�cant (P<0.05). The difference between the QRS complex durations of the lethal and
control groups was extremely signi�cant (p<0.01; Fig. 1B).

The effect of EA pre-treatment on mitochondrial structure

Structural and functional damage to the mitochondria is the main mechanism underlying myocardial
injury. The control group rats in the present study exhibited densely-packed myocardial �bers with clearly
visible sarcomeres and abundant mitochondria. Their mitochondrial structure was intact with a typical
oblong shape and continuous cristae, as well as intact membranes and granules (Fig 2A). The rats in the
bupivacaine group displayed mitochondrial degradation with swollen, fragmented, and even missing
cristae. The lipid emulsion group, the puerarin group, and the EA pre-treatment group exhibited
increasingly alleviated mitochondrial injuries, in ascending order, along with a gradual increase in
mitochondrial density. The Flameng scores showed that bupivacaine was associated with the least
mitochondrial damage in the EA pre-treatment group rats. In addition, there were signi�cant differences in
the Flameng scores between different groups (P<0.01). Mitochondrial abundance also varied between the
different treatment groups (Fig. 2B). All the treatment groups showed lower mitochondrial abundance
than the control group, and the bupivacaine group exhibited the lowest mitochondrial abundance,
amounting to half of that of the control group. The lipid emulsion group, the puerarin group, and EA pre-
treatment group exhibited gradually increasing mitochondrial abundances, and the ATP synthesis
abilities were enhanced along with these changes in mitochondrial abundance, suggesting that their
mitochondrial function was gradually recovered (Fig 2C).

Functional changes in mitochondria

As shown in Fig. 3A, bupivacaine upregulated monoamine oxidases (MAO) activity, downregulated COX
activity, and reduced MMP. This �nding indicated that bupivacaine induces mitochondrial autophagy and
dysfunction (Fig. 3A, 3B). Therapy involving lipid emulsion, puerarin and EA pre-treatment promoted the
expression of Bcl2, UCP2, and VDAC1 and decreased the expression of ANT1 and SLC25A6. After these
treatments, mitochondrial dysfunction was relieved and apoptosis was reduced (Fig. 3C).

Bupivacaine induced the oxidative stress response

Dysfunction of the mitochondria is closely related to ROS levels. The present results indicated that ROS
production was induced by bupivacaine. All three methods of treatment increased SOD activity and
decreased MDA content , playing a key role in mitochondrial protection (Fig. 4).

Effects of bupivacaine on myocardial mitochondrial biogenesis
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Mitochondrial calcium uptake signi�cantly improved depleted cells and regulated cytosolic calcium
signal [27, 28]. Our results indicated that increased Ca2+ levels of mitochondrial signi�cantly upregulate
the expression of PGC-1, NRF-1, and mtTFA, is one of the signals mediating mitochondrial biogenesis.
The concentrations of Ca2+ were lowest in bupivacaine group. However, the lipid emulsion, puerarin, and
EA pre-treatment groups exhibited signi�cantly higher expression of PGC-1, mtTFA, and NRF than the
bupivacaine-induced group (Fig. 5).

Discussion
Numerous studies have con�rmed that acupuncture can prevent myocardial injury. Patients who have
undergone cardiac surgery have shown signi�cantly improved heart rates, blood pressure, and rates of
recovery after receiving EA stimulation[29]. Recently, researchers found that EA pre-treatment improved
the survival rate of rats with myocardial ischemia-reperfusion injury with reduced apoptosis and
expressions of Cyt c and cleaved caspase 3[30, 31]. EA regulated the activation of NLRP3, polarization of
macrophages, declined arrhythmia scores, improving cardiac function [18, 31]. EA played a role of anti-
arrhythmia through reducing ventricular tachycardia and ventricular, and related to concentration of
calcium in the cytoplasm [32, 33]. EA pre-treatment inhibits apoptosis via the mitochondria-dependent
pathway [34]. In addition, EA can effectively promote angiogenesis and protect myocardial tissue from
damage [35].

The mitochondria, which are comprise a central source of metabolism and energy production, play an
important role in cellular energy metabolism. Mitochondrial injury may lead to cardiotoxicity [36]. The
uncoupling of mitochondrial oxidative phosphorylation and/or inhibition of the electron transport chain
leads to metabolic dysregulation in mitochondria. The cumulative release of ROS, decline in ATP
synthesis, and leakage of mitochondrial Ca2+ may result in an in�ammatory respond, mitochondrial
injury, which may aggravate apoptosis and lead to the death of cells surrounding the injured areas.
Mitochondria-targeting treatment, considered to be an appealing strategy for the control and
management of mitochondrial injury [37], has become the focus of many important research studies [38].
Previously-published data have suggested that the injection of isolated viable respiration-competent
myocardial mitochondria into ischemic regions prior to reperfusion may reverse post-ischemic functional
deterioration and apoptosis, thereby limiting the infarct area [39].

The present �ndings indicated that Bcl-2 expression increased and ROS production was signi�cantly
reduced following EA pre-treatment. Similarly, calcium ions concentration of mitochondria was
downregulated by bupivacaine. This is consistent with previous research[7]. We thought the leakage of
mitochondrial calcium ions aggravated the overloaded of cytoplasmic calcium ions in arrhythmias.
While, EA promoted uptake of mitochondrial calcium ions and reduced calcium overload in the
cytoplasm. Further, the increased concentration of mitochondrial calcium promoted mitochondria
biogenesis, achieving the therapeutic effect. Moreover, this conjecture needs further veri�cation.
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Conclusions
EA pre-treatment of PC6 alleviated the mitochondrial damage caused by myocardial toxicity, enhanced
the MMP, and altered concentration of Ca2+. All of these effects may contribute to the prevention of
bupivacaine-induced cardiac arrhythmia and the improvement of myocardial metabolism.
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ATP adenosine triphosphate

UCP2 uncoupling protein 2

VDAC1 Voltage-dependent anion channel 1

SOD superoxide dismutases

COX cytochrome C oxidase

MDA malondialdehyde

mtTFA mitochondrial transcription factor A

NRF 1 nuclear respiratory factor 1

PGC-1 proliferator-activated receptor-gamma coactivator -1

SLC25A6 ADP/ATP translocase 3, solute carrier family 25, member 6

MRCC-I mitochondrial respiratory chain complex I

MIM mitochondrial inner membranes

MMP mitochondrial membrane potential

ROS reactive oxygen species

ERK extracellular signal-regulated kinase

PVC premature ventricular contractions

VT ventricular tachycardia

ELISA Enzyme linked immunosorbent assay

MAO Monoamine oxidases

ANT 1 adenine nucleotide translocator 1

References
1. RB, Goldhoorn, Bernsen MLE, Hofmeijer J, Martens JM, Lingsma HF, Dippel DWJ, et al., Anesthetic

management during endovascular treatment of acute ischemic stroke in the MR CLEAN Registry.
Neurology, 2020. 94(1): p. e97-e106. doi: 10.1212/WNL.0000000000008674

2. O, Sen, Sayilgan NC, Tutuncu AC, Bakan M, Koksal GM, and Oz H, Evaluation of sciatic nerve damage
following intraneural injection of bupivacaine, levobupivacaine and lidocaine in rats. Brazilian
journal of anesthesiology (Elsevier), 2016. 66(3): p. 272-5. doi: 10.1016/j.bjane.2014.09.012

3. Z, Mamou, Descotes J, Chevalier P, Bui-Xuan B, Romestaing C, and Timour Q, Electrophysiological,
haemodynamic, and mitochondrial alterations induced by levobupivacaine during myocardial



Page 11/17

ischemia in a pig model: protection by lipid emulsions? Fundamental & clinical pharmacology, 2015.
29(5): p. 439-49. doi: 10.1111/fcp.12131

4. R, Herrera, De Andrés J, Estañ L, Olivas FJ, Martínez-Mir I, and Steinfeldt T, Hemodynamic impact of
isobaric levobupivacaine versus hyperbaric bupivacaine for subarachnoid anesthesia in patients
aged 65 and older undergoing hip surgery. BMC anesthesiology, 2014. 14(unde�ned): p. 97. doi:
10.1186/1471-2253-14-97

5. Ö, Öz Gergin, Yıldız K, Bayram A, Sencar L, Coşkun G, Yay A, et al., Comparison of the myotoxic
effects of levobupivacaine, bupivacaine, and ropivacaine: an electron microscopic study.
Ultrastructural pathology, 2015. 39(3): p. 169-76. doi: 10.1080/10520295.2018.1548711

�. F, Flenner, Arlt N, Nasib M, Schobesberger S, Koch T, Ravens U, et al., In Vitro Negative Inotropic Effect
of Low Concentrations of Bupivacaine Relates to Diminished Ca2+ Sensitivity but Not to Ca2+
Handling or β-Adrenoceptor Signaling. Anesthesiology, 2018. 128(6): p. 1175-1186. doi:
10.1097/ALN.0000000000002180

7. Z, Chen, Jin Z, Xia Y, Zhao S, Xu X, Papadimos TJ, et al., The protective effect of lipid emulsion in
preventing bupivacaine-induced mitochondrial injury and apoptosis of H9C2 cardiomyocytes. Drug
delivery, 2017. 24(1): p. 430-436. doi: 10.1080/10717544.2016.1261379

�. JL, Gao, Li YL, Wang XM, Zhao QL, Zhang HJ, Han FF, et al., Electroacupuncture pretreatment
induces rapid tolerance to bupivacaine cardiotoxicity in rats. Acupuncture in medicine : journal of the
British Medical Acupuncture Society, 2016. 34(6): p. 457-462. doi: 10.1136/acupmed-2015-011037

9. J, Li, Duan R, Zhang Y, Zhao X, Cheng Y, Chen Y, et al., Beta-adrenergic activation induces cardiac
collapse by aggravating cardiomyocyte contractile dysfunction in bupivacaine intoxication. PloS
one, 2018. 13(10): p. e0203602. doi: 10.1371/journal.pone.0203602

10. C, Jose, Hebert-Chatelain E, Dias Amoedo N, Roche E, Obre E, Lacombe D, et al., Redox mechanism of
levobupivacaine cytostatic effect on human prostate cancer cells. Redox biology, 2018.
18(unde�ned): p. 33-42. doi: 10.1016/j.redox.2018.05.014

11. O, Cela, Piccoli C, Scrima R, Quarato G, Marolla A, Cinnella G, et al., Bupivacaine uncouples the
mitochondrial oxidative phosphorylation, inhibits respiratory chain complexes I and III and enhances
ROS production: results of a study on cell cultures. Mitochondrion, 2010. 10(5): p. 487-96. doi:
10.1016/j.mito.2010.05.005

12. HJ, Kim, Kim HS, Jung JR, Kim HY, Lynch C, and Park WK, Lipid Emulsion Restoration of Myocardial
Contractions After Bupivacaine-Induced Asystole In Vitro: A Bene�t of Long- and Medium-Chain
Triglyceride Over Long-Chain Triglyceride. Anesthesia and analgesia, 2020. doi:
10.1213/ANE.0000000000004637

13. JH, Yang, Siregar AS, Kim EJ, Nyiramana MM, Shin EJ, Han J, et al., Involvement of TREK-1 Channel
in Cell Viability of H9c2 Rat Cardiomyoblasts Affected by Bupivacaine and Lipid Emulsion. Cells,
2019. 8(5). doi: 10.3390/cells8050454

14. WQ, Li, Wu JY, Xiang DX, Luo SL, Hu XB, Tang TT, et al., Micelles Loaded With Puerarin And Modi�ed
With Triphenylphosphonium Cation Possess Mitochondrial Targeting And Demonstrate Enhanced



Page 12/17

Protective Effect Against Isoprenaline-Induced H9c2 Cells Apoptosis. International journal of
nanomedicine, 2019. 14: p. 8345-8360. doi: 10.2147/IJN.S219670

15. YK, Moon, Kim MH, and Nam HJ, Comparison of the effectiveness between transcutaneous electrical
nerve stimulation, manual acupuncture, and electroacupuncture on tinnitus: study protocol for a
randomized controlled trial. Trials, 2018. 19(1): p. 342. doi: 10.1186/s13063-018-2738-9

1�. W, Zhou and Longhurst JC, Neuroendocrine mechanisms of acupuncture in the treatment of
hypertension. Evidence-based complementary and alternative medicine : eCAM, 2012.
2012(unde�ned): p. 878673. doi: 10.1155/2012/878673

17. Y, Xiao, Chen W, Zhong Z, Ding L, Bai H, Chen H, et al., Electroacupuncture preconditioning attenuates
myocardial ischemia-reperfusion injury by inhibiting mitophagy mediated by the mTORC1-ULK1-
FUNDC1 pathway. Biomedicine & pharmacotherapy = Biomedecine & pharmacotherapie, 2020. 127:
p. 110148. doi: 10.1016/j.biopha.2020.110148

1�. T, Zhang, Yang WX, Wang YL, Yuan J, Qian Y, Sun QM, et al., Electroacupuncture preconditioning
attenuates acute myocardial ischemia injury through inhibiting NLRP3 in�ammasome activation in
mice. Life sciences, 2020. 248: p. 117451. doi: 10.1016/j.lfs.2020.117451

19. C, Shi, Liu Y, Zhang W, Lei Y, Lu C, Sun R, et al., Intraoperative electroacupuncture relieves
remifentanil-induced postoperative hyperalgesia via inhibiting spinal glial activation in rats.
Molecular pain, 2017. 13(unde�ned): p. 1744806917725636. doi: 10.1177/1744806917725636

20. L, Chen, Sun HX, Xia YB, Sui LC, Zhou J, Huang X, et al., Electroacupuncture decreases the
progression of ovarian hyperstimulation syndrome in a rat model. Reproductive biomedicine online,
2016. 32(5): p. 538-44. doi: 10.1016/j.rbmo.2016.02.006

21. Y, Chen, Zhang H, Tang Y, and Shu J, Impact of bilateral ST36 and PC6 electroacupuncture on the
depth of sedation in general anaesthesia. Acupuncture in medicine : journal of the British Medical
Acupuncture Society, 2015. 33(2): p. 103-9. doi: 10.1136/acupmed-2014-010594

22. Y, Xiao, Le W, Huang H, Zhou L, Tian JY, and Chen YF, [Effect of electroacupuncture of "Fenglong" (ST
40) on levels of blood lipid and macrophage TNF-alpha and IL-6 in hyperlipidemic rats]. Zhen ci yan
jiu = Acupuncture research, 2013. 38(6): p. 459-64.

23. ML, Chen, Wang C, Tan CF, Liu WW, Guo LN, Du L, et al., [Serum metabolic pro�le involving protective
effect of "Neiguan"(PC6)-electroacupuncture preconditioning in rats with myocardial ischemia
reperfusion injury]. Zhen ci yan jiu = Acupuncture research, 2019. 44(3): p. 176-82. doi:
10.13702/j.1000-0607.170627

24. GL, Weinberg, VadeBoncouer T, Ramaraju GA, Garcia-Amaro MF, and Cwik MJ, Pretreatment or
resuscitation with a lipid infusion shifts the dose-response to bupivacaine-induced asystole in rats.
Anesthesiology, 1998. 88(4): p. 1071-5. doi: 10.1097/00000542-199804000-00028

25. M, Syed, Skonberg C, and Hansen SH, Effect of some organic solvents on oxidative phosphorylation
in rat liver mitochondria: Choice of organic solvents. Toxicology in vitro : an international journal
published in association with BIBRA, 2013. 27(8): p. 2135-41. doi: 10.1016/j.tiv.2013.09.010



Page 13/17

2�. H, Ge, Xu P, Zhu T, Lu Z, Yuan Y, Zhou J, et al., High-Level Pressure Support Ventilation Attenuates
Ventilator-Induced Diaphragm Dysfunction in Rabbits. The American journal of the medical sciences,
2015. 350(6): p. 471-8. doi: 10.1097/MAJ.0000000000000596

27. SJ, Chen, Bao L, Keefer K, Shanmughapriya S, Chen L, Lee J, et al., Transient receptor potential ion
channel TRPM2 promotes AML proliferation and survival through modulation of mitochondrial
function, ROS, and autophagy. Cell death & disease, 2020. 11(4): p. 247. doi: 10.1038/s41419-020-
2454-8

2�. Y, Olgar, Billur D, Tuncay E, and Turan B, MitoTEMPO provides an antiarrhythmic effect in aged-rats
through attenuation of mitochondrial reactive oxygen species. Experimental gerontology, 2020. 136:
p. 110961. doi: 10.1016/j.exger.2020.110961

29. LK, Ng, Thoa NG, Douthitt TC, and Albert CA, Experimental "auricular electroacupuncture" in
morphine-dependent rats: behavioral and biochemical observations. The American journal of
Chinese medicine, 1975. 3(4): p. 335-41. doi: 10.1142/s0192415x75000402

30. Y, Huang, Lu SF, Hu CJ, Fu SP, Shen WX, Liu WX, et al., Electro-acupuncture at Neiguan pretreatment
alters genome-wide gene expressions and protects rat myocardium against ischemia-reperfusion.
Molecules (Basel, Switzerland), 2014. 19(10): p. 16158-78. doi: 10.3390/molecules191016158

31. SF, Lu, Huang Y, Wang N, Shen WX, Fu SP, Li Q, et al., Cardioprotective Effect of Electroacupuncture
Pretreatment on Myocardial Ischemia/Reperfusion Injury via Antiapoptotic Signaling. Evidence-
based complementary and alternative medicine : eCAM, 2016. 2016: p. 4609784. doi:
10.1155/2016/4609784

32. J, Gao, Zhang L, Wang Y, Lu B, Cui H, Fu W, et al., Antiarrhythmic effect of acupuncture pretreatment
in rats subjected to simulative global ischemia and reperfusion--involvement of adenylate cyclase,
protein kinase A, and L-type Ca2+ channel. The journal of physiological sciences : JPS, 2008. 58(6):
p. 389-96. doi: 10.2170/physiolsci.RP007108

33. W, Zhou, Ko Y, Benharash P, Yamakawa K, Patel S, Ajijola OA, et al., Cardioprotection of
electroacupuncture against myocardial ischemia-reperfusion injury by modulation of cardiac
norepinephrine release. American journal of physiology. Heart and circulatory physiology, 2012.
302(9): p. H1818-25. doi: 10.1152/ajpheart.00030.2012

34. J, Liao, Ke M, Xu T, and Lin L, Electroacupuncture inhibits apoptosis in annulus �brosis cells through
suppression of the mitochondria-dependent pathway in a rat model of cervical intervertebral disc
degradation. Genetics and molecular biology, 2012. 35(3): p. 686-92. doi: 10.1590/S1415-
47572012005000046

35. SF, Lu, Huang Y, Wang N, Shen WX, Fu SP, Li Q, et al., Cardioprotective Effect of Electroacupuncture
Pretreatment on Myocardial Ischemia/Reperfusion Injury via Antiapoptotic Signaling. Evidence-
based complementary and alternative medicine : eCAM, 2016. 2016(unde�ned): p. 4609784. doi:
10.1155/2016/4609784

3�. M, Syed, Skonberg C, and Hansen SH, Mitochondrial toxicity of selective COX-2 inhibitors via
inhibition of oxidative phosphorylation (ATP synthesis) in rat liver mitochondria. Toxicology in vitro :



Page 14/17

an international journal published in association with BIBRA, 2016. 32(unde�ned): p. 26-40. doi:
10.1016/j.tiv.2015.12.003

37. YC, Ma, Zhu YL, Su N, Ke Y, Fan XX, Shi XJ, et al., A novel ent-kaurane diterpenoid analog, DN3,
selectively kills human gastric cancer cells via acting directly on mitochondria. European journal of
pharmacology, 2019. 848(unde�ned): p. 11-22. doi: 10.1016/j.ejphar.2019.01.013

3�. M, Bayeva, Gheorghiade M, and Ardehali H, Mitochondria as a therapeutic target in heart failure.
Journal of the American College of Cardiology, 2013. 61(6): p. 599-610. doi:
10.1016/j.jacc.2012.08.1021

39. J, Wang, Li H, Yao Y, Zhao T, Chen YY, Shen YL, et al., Stem cell-derived mitochondria transplantation:
a novel strategy and the challenges for the treatment of tissue injury. Stem cell research & therapy,
2018. 9(1): p. 106. doi: 10.1186/s13287-018-0832-2

Table

Table 1 primer sequences

Genes Forward Reverse

GAPDH AATGGTGAAGGTCGGTGTGAAC AGGTCAATGAAGGGGTCGTTG

Bcl-2 ATGATAACCGGAGATCGTG GACGGTAGCGACGAGAGAAG

VDAC1 CACCAAAGTGAACGGCAGTC TGCTCCCTCTTGTACCCTGT

UCP2 GCCAACCTCATGACAGACGA AGGAAGGCATGAACCCCTTG

PGC-1α CATGTGCAGCCAAGACTCTG GTGAGGACCGCTAGCAAGTT

NRF1 GCTAATGGCCCAGATATGGAGT CGTAAGCTCTGCCTGGTTGT

mtTFA GGAATCAAGACTGTGCGTGC AGAAACTGCAATGGCTCTGC

ANT1 GCTAACCAACCCACTGTCCT ATGCCACCGCTAACAAGACAT

Figures
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Figure 1

Protective effect of EA pre-treatment on myocardial mitochondria (A) Lethal doses of bupivacaine in
different experimental groups. (B) Changes of QRS duration.

Figure 2

Effects of EA pre-treatment on mitochondrial structure (A) Ultramicrostructure and damage score of
mitochondria. (B) The concentration of mitochondria. (C) The content of ATP
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Figure 3

Effects of EA pre-treatment on mitochondrial functions (A) Bupivacaine declined mitochondrial
membrane potential. (B) The content of COX and MAO. (C) The expression of Bcl2, UCP2, VDAC1,
SLC25A6 and ANT1.

Figure 4

Changes of oxidase stress response of mitochondria. (A) The level of ROS. (B) The activity of SOD and
level of MDA.
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Figure 5

Effect of different treatment on myocardial mitochondrial biogenesis (A) EA pre-treatment increased the
concentration of Ca2+. (B) mRNA expression of PGC, mTFA, NRF. (C) Western blot for PGC, mTFA, NRF


