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ABSTRACT Objective: To investigate the effect of mitochondrial complex activity on cannabinoid CB1 receptor selective agonist
ACEA-induced neuroprotection. Methods: The primary rat cortical neurons were divided into 4 groups: control group, OGD group,
ACEA+OGD group and Vehicle+OGD group. The levels of neuron damage and the mitochondrial complex I, II and IV activity were
detected respectively. To further confirm the effect of mitochondrial complex activity on ACEA neuroprotection, the primary rat cortical
neurons were divided into 5 groups: Control group, OGD group, ACEA+OGD group, mitochondrial complex I inhibitor
rotenone+ACEA+OGD group and mitochondrial complex II inhibitor TTFA+ACEA+OGD group. The levels of neuron damage were
detected and compared between different groups. Results: ACEA increased the cell viability, attenuated the LDH release and reduced the
apoptosis rate of neurons at 24 h after reoxygenation (P<0.05). Moreover, ACEA improved the activity of mitochondrial complex I and
IV after OGD injury (P<0.05), but had no effect on the activity of mitochondrial complex II. The protective effects of ACEA were
partially abolished by mitochondrial complex I inhibitor rotenone (P<0.05), while they were not reversed by mitochondrial complex II
inhibitor TTFA. Conclusion: ACEA could induce neuroprotective effects by improving mitochondrial complex activity.
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Fig.1 ACEA increased cell viability, attenuated LDH release and decreased apoptotic rate
Note: Data were expressed as xt SD, *P<(.05.
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Fig.2 Detection of neuronal mitochondrial complexes I, I and IV at 24 h after reoxygenation

Note: Data were expressed as x+ SD, n=6, *P<0.05.
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Fig.3 Effect of mitochondrial complex I and II inhibitors on ACEA-induced neuroprotection

Note: Data were expressed as xt SD, *P<(.05.

MPTP)JF I, 5| A0 (3 3% ¢ S50 0 T2 P 1 NZRRL AR R L, O
T AR D RE LR | X T B B P VRS040 14 F2 A 3R
TEANAE N, ROS F2 B A LR I W B 1) Fi, 11 3k v ™
Ao PRI, 25 PR 2R 1 T ) O (A IR 8 55 AR M e T
B F A o R, TS S ROS 77 A=020, 3 il 22 24
fthidi .

RLTLA N 2R AR EE Hy 5 AN S IRLL,
THRRE SRS RIETLES, RES 0, 4554 M HO0 "4
ATP AR EAT A i s flERE HEP 2, HRTRIRITF N N Loks
PRIFIREE RT 53 A F2 0PI BE A IR % | vl 2 B 28 hy 0PI i
PEATAE 3, AR /D 8 o U B EA T A5 1, PR R &2 &
PR T A IV ARG, fL T 28 th S A M TR IR S 7 %3 5 T
%j@ﬁaﬂ’*ﬁi LI AT IV A%, A2 A i T iR

Tl ARSLgh  FEUR B IZ 25T OGD il 4R
E%E 24 /NI, A5 HH AR R B Al A, T ARG I I
AR TR IV BTGP AP 45 R 3R  OGD 5 17 Lok A
W5 52 A R LRIV (TE MERRAG , 457 ACEA A LIBE &
B TR TV TGP 1A BUE 52 AR T3 o S A

A REETE OGD #iifh ) , ACEA FH % T & E 5K 1 Tk
AL A T2 P B F) HL 7 (ELAIXT 28 S 5 R T JF AR AR
I I ) PR 11 3 B AT 52

BESS , BT S T 2R A B 52 5 1A TN T Bl
FRAITTE = R EE L T B IR N R SR E RS S
T ACEA WMy R o S a2 7 B2 4 44 T4l 551
rotenone Y &R 438 ACEA i 5 #2484 15 1, il ACEA
ol 2 BRAP A AN REREE A R THIMA 7R TTFA i o JX i
SERAGIESE T ACEA REWS I M 220411 OGD it )5
LRI A TG T A 22 O P PR T, WAy T ACEA
= S o P 2 TT AR AR T IR T S U I 1 1%
AR LB AR LA R

25 Lk , ACEA Al LIS S frdr 1], AL e i
WG LRL R IIR BE 52 5 AT P , AR A A% 2 I A 5 1) T E A
HRAR LB

% % 3 #f(References)
[1] GBD 2016 Mortality Collaborators. Global, regional, and national

016,17

)

1= 0A
Al

B/
AL

under-5 mortality, adult mortality, age-specific mortality, and life

expectancy, 1970-2016: a systematic analysis for the Global Burden

of Disease Study 2016[J]. Lancet, 2017, 390(10100): 1084-1150

Snow SJ. Stroke and t-PA--triggering new paradigms of care [J]. N

Engl J Med, 2016, 374(9): 809-811

Bhaskar S, Stanwell P, Cordato D, et al. Reperfusion therapy in acute

ischemic stroke: dawn of a new era[J]? BMC Neurol, 2018, 18(1): 8

[4] Devine MJ, Kittler JT. Mitochondria at the neuronal presynapse in

health and disease[J]. Nat Rev Neurosci, 2018, 19(2): 63-80

[5] QulJ, Chen W, Hu R, et al. The injury and therapy of reactive oxygen

species in intracerebral hemorrhage looking at mitochondria[J]. Oxid

Med Cell Longev, 2016, 2016: 2592935

Kislin M, Sword J, Fomitcheva IV, et al. Reversible disruption of

neuronal mitochondria by ischemic and traumatic injury revealed by

quantitative two-photon imaging in the neocortex of anesthetized

mice[J]. J Neurosci, 2017, 37(2): 333-348

Shin B, Cowan DB, Emani SM, et al. Mitochondrial transplantation in

myocardial ischemia and reperfusion injury [J]. Adv Exp Med Biol,

2017, 982: 595-619

[8] Lesnefsky EJ, Chen Q, Tandler B, et al. Mitochondrial dysfunction and
myocardial ischemia-reperfusion: implications for novel therapies[J].
Annu Rev Pharmacol Toxicol, 2017, 57: 535-565

[9] Melser S, Lavie J, Bénard G. Mitochondrial degradation and energy
metabolism [J]. Biochim Biophys Acta, 2015, 1853 (10 Pt B): 2812-
2821

[10] Ma L, Niu W, Yang S, et al. Inhibition of mitochondrial permeability
transition pore opening contributes to cannabinoid type 1 receptor
agonist ACEA-induced neuroprotection [J].
2018, 135:211-222

[11] Lin Y, Cai B, Xue XH, et al. TAT-mediated delivery of neuroglobin

Neuropharmacology,

attenuates apoptosis induced by oxygen-glucose deprivation via the
Jak2/Stat3 pathway in vitro[J]. Neurol Res, 2015, 37(6): 531-538
[12] Xie XC, Zhao N, Xu QH, et al. Relaxin attenuates aristolochic acid
induced human tubular epithelial cell apoptosis in vitro by activation
of the PI3K/Akt signaling pathway[J]. Apoptosis, 2017, 22(6): 769-776
[13] Chen F, Bai J, Li W, et al. RUNX3 suppresses migration, invasion
and angiogenesis of human renal cell carcinoma[J]. PLoS One, 2013,
8(2): 56241

(%5 3816 W)



- 3816 -

DREYES#HE wwwshengwuyixue.com Progressin Modern Biomedicine Vol18 NO.20 OCT.2018

lung injury[J]. J Thorac Dis, 2016, 8(9): 2434-2443

[6] Zhao H, Eguchi S, Alam A. The role of Nuclear factor-erythroid 2
related factor 2 (Nrf-2) in the protection against lung injury[J]. Am J
Physiol Lung Cell Mol Physiol, 2016: ajplung.00449.2016

[7] Cho HY, SR Kleeberger. Nrf2 protects against airway disorders [J].
Toxicol Appl Pharmacol, 2010, 244(1): p. 43-56

[8] Regev D, Surolia R, Karki S, et al. Heme oxygenase-1 promotes
granuloma development and protects against dissemination of
mycobacteria[J]. Lab Invest, 2012, 92(11): 1541-1552

[9] Biswas C, Shah N, Muthu M, et al. Nuclear heme oxygenase-1 (HO-1)
modulates subcellular distribution and activation of Nrf2, impacting
metabolic and anti-oxidant defenses [J]. J Biol Chem, 2014, 289(39):
26882-26894

[10] Cho HY, SP Reddy, SR Kleeberger. Nrf2 defends the lung from
oxidative stress[J]. Antioxid Redox Signal, 2006, 8(1-2): 76-87

[11] Imai Y, Kuba K, Neely GG, et al. Identification of oxidative stress
and Toll-like receptor 4 signaling as a key pathway of acute lung
injury[J]. Cell, 2008, 133(2): 235-249

[12] Wu D, Pan P, Su X. Interferon Regulatory Factor-1 Mediates
Alveolar Macrophage Pyroptosis During LPS-Induced Acute Lung
Injury in Mice[J]. Shock, 2016, 46(3): 329-338

[13] Deng Y, Yang Z, Gao Y. Toll-like receptor 4 mediates acute lung
injury induced by high mobility group box-1 [J]. PLoS One, 2013, 8
(5): e64375

[14] Verbrugge SJ, Lachmann B, Kesecioglu J. Lung protective
ventilatory strategies in acute lung injury and acute respiratory

distress syndrome: from experimental findings to clinical application

[J]. Clin Physiol Funct Imaging, 2007, 27(2): 67-90

[15] Beitler JR, A Malhotra, BT Thompson. Ventilator-induced Lung
Injury[J]. Clin Chest Med, 2016, 37(4): p. 633-646

[16] Wolthuis EK, Vlaar AP, Choi G, et al. Mechanical ventilation using
non-injurious ventilation settings causes lung injury in the absence of
pre-existing lung injury in healthy mice[J]. Crit Care, 2009,13(1): R1

[17] dos Santos CC, Shan Y, Akram A, et al. Neuroimmune regulation of
ventilator-induced lung injury [J]. Am J Respir Crit Care Med,
2011,183(4): 471-482

[18] Wagener FA, Volk HD, Willis D, et al. Different faces of the
heme-heme oxygenase system in inflammation [J]. Pharmacol Rev,
2003, 55(3): 551-571

[19] Hosick PA, Stec DE. Heme oxygenase, a novel target for the
treatment of hypertension and obesity?[J]. Am J Physiol Regul Integr
Comp Physiol, 2012, 302(2): R207-14

[20] Morse D, AM Choi. Heme oxygenase-1: from bench to bedside[J].
Am J Respir Crit Care Med, 2005, 172(6): 660-670

[21] Shi Y, Liang XC, Zhang H. Quercetin protects rat dorsal root
ganglion neurons against high glucose-induced injury in vitro through
Nrf-2/HO-1 activation and NF-kappaB inhibition[J]. Acta Pharmacol
Sin, 2013, 34(9): 1140-1148

[22] Li N, Wang M, Barajas B, et al. Nrf2 deficiency in dendritic cells
enhances the adjuvant effect of ambient ultrafine particles on allergic
sensitization[J]. Journal of Innate Immunity, 2013, 5(6): 543-554

[23] Mehla K, Balwani S, Agrawal A, et al. Ethyl gallate attenuates acute
lung injury through Nrf2 signaling [J]. Biochimie, 2013, 95 (12):
2404-2414

(_E$E%% 3804 TT)

[14] Ma L, Jia J, Niu W, et al. Mitochondrial CB1 receptor is involved in
ACEA-induced protective effects on neurons and mitochondrial
functions[J]. Sci Rep, 2015, 5: 12440

[15] Sun B, Cai Y, Li Y, et al. The nonstructural protein NP1 of human
bocavirus 1 induces cell cycle arrest and apoptosis in Hela cells[J].
Virology, 2013, 440(1): 75-83

[16] Yang Y, Luo L, Cai X, et al. Nrf2 inhibits oxaliplatin-induced
peripheral neuropathy via protection of mitochondrial function [J].
Free Radic Biol Med, 2018, 120: 13-24

[17] Ruiz A, Alberdi E, Matute C. Mitochondrial Division Inhibitor 1
(mdivi-1) Protects Neurons against Excitotoxicity through the
Modulation of Mitochondrial Function and Intracellular Ca<sup>2+
</sup> Signaling[J]. Front Mol Neurosci, 2018, 11: 3

[18] Grivennikova VG, Kareyeva AV, Vinogradov AD. Oxygen-
dependence of mitochondrial ROS production as detected by Amplex

Red assay[J]. Redox Biol, 2018, 17: 192-199

[19] Angelova PR ,Abramov AY. Role of mitochondrial ROS in the brain:
from physiology to neurodegeneration [J]. FEBS Lett, 2018, 592(5):
692-702

[20] Bleier L, Wittig I, Heide H, et al. Generator-specific targets of
mitochondrial reactive oxygen species[J]. Free Radic Biol Med, 2015,
78: 1-10

[21] Guo R, Gu J, Zong S, et al. Structure and mechanism of mitochondrial
electron transport chain[J]. Biomed J, 2018, 41(1): 9-20

[22] Hassanpour SH, Dehghani MA, Karami SZ. Study of respiratory
chain dysfunction in heart disease[J]. J Cardiovasc Thorac Res, 2018,
10(1): 1-13

[23] Sanderson T H, Reynolds C A, Kumar R, et al. Molecular
mechanisms of ischemia-reperfusion injury in brain: pivotal role of
the mitochondrial membrane potential in reactive oxygen species

generation[J]. Mol Neurobiol, 2013, 47(1): 9-23



