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[Abstract]  Objective  To explore the impacts and potential mechanisms of MitoQ on
isoflurane-induced injury of primary cultured hippocampal neurons in newborn rats. Methods Fifteen
healthy SPF Sprague-Dawley rats of both sex were randomly divided into three groups (n =75 each) u-
sing a random number table: control group (group C), multiple exposures to isoflurane anesthesia
group (group I) and multiple exposures to isoflurane anesthesia+ MitoQ group (group IM). On post-
natal days 7, 14 and 21, 1. 5% isoflurane was inhaled for 2 h in group 1. MitoQ was intraperitoneally
administered in a volume of 0.4 ml/kg before isoflurane anesthesia in group IM, while a mixture of
oxygen and air was inhaled instead of isoflurane in group C. HE staining was carried out on postnatal
day 28 to observe the morphological changes in hippocampal CA1 region of rat neural cell structures.
Hippocampal neuron cells were dissected from clean Sprague-Dawley rats born in 24 h. After primary
culture for seven days, MTT assay and TUNEL assay was respectively performed to measure the cell
viability and apoptosis of hippocampal neurons. The malondialdehyde (MDA) content and superoxide
dismutase (SOD) activity were detected respectively using the thiobarbituric method and xanthinoxi-
dase method. Mitochondrial membrane potential (MMP) was measured by rhodamine 123 staining,
intracellular levels of reactive oxygen species (ROS) were tested by DCFH-DA staining. Western blot
was used to analyze the protein levels of Bax, Bcl-2 and caspase-3. Results Compared with group C,
group I decreased the number of neural cells and the cell survival rate; the apoptotic rate was signifi-

cantly increased; MDA contents and ROS production were significantly increased; SOD activity and
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MMP level were significantly decreased; the expression of Bax and caspase-3 were significantly in-

creased, while the expression of Bcl-2 was significantly decreased (P <C0.05). Compared with the

group I, the damaged neural cells were decreased, the cell survival rate was significantly increased,

the apoptotic rate was significantly decreased in group IM; MDA contents and ROS production were

significantly decreased; SOD activity and MMP level were significantly increased; the expression of

Bax and caspase-3 were significantly decreased, while the expression of Bcl-2 was significantly in-

creased (P <C0.05). Conclusion Antioxidant MitoQ attenuates isoflurane-induced neuron damage,

which may be associated with the inhibition on oxidative stress and mitochondrial dysfunction.

[Key words]

S5 SRR 2 — b T A IR A BRI 24, T 5 B0 7L
Bk T ORG24l AR R R
AR T 0 23 E] 2% 20 AR A2 i I 2 T 4 i
PR T2 e R 7 A M R R AR 2 5 &
LA B 1] T AL TR MitoQ S22 25 il i i) — Fif &
ALy REHL 1A SR A T LORE A v i B 2 R A R AR
F o E . MitoQ 78 DAZROKE 1 Ty R B it 14 A6 1
PAb 0 S 3 B RGP 2 AR S8R I IR ik
I BA] 7% o R L A < AR A ol L A L BF 2k
P2 R S HA —E AR . MitoQ
Je 5 AE A5 52 R0 S5 9 Ik 75 3 10 M 22 A0 R AR 47 . H R
TAHRHETE . AT TR K MitoQ 78 5 Bk 15 5 1Y
R B T B o 22 0 240 A58 0+ BV L AT A HE A
77 R TAE-AB3 47 F B4 e P 17 ] 4 A3 S 36 S i

W57

FEAA FOREFGHES . 120701) , MitoQ (it
52 130802) , Z WA R L 4 L 11 & 1. B-Tublin
ITT B s BB A | U H 6 A 0 i (MTT) , W 56
M (DMSO) ,DMEM/F12 %% 3% % . Neurobasal 3 3%
FEH0 B27supplement, A ¥ (MDA) . i & 4k ¥ B
A (SOD) I 5 12057 &, 2t 51 DCFH-DA 1 1
=0 LIS il 1 2 R YA NI O N VAR b i 3
Rhodamine 123 #& I3 ) & , th 5t /h B FITC 47
ic IgG — $t, TUNEL i 7 &, Bax, Bcl-2 #I
Caspase-3 Bz FEHULIA

S 5 SPF @R SD K 15 H,
WA A7 B AT 15~20 g . S S HIES H
SCXK(5)-2013-006, >k F bl #1L %% 7 % 7k 43 =
. XA (C 4D, S aEE A (T 20D A 57 o6 Bk +-
MitoQ H(IM 4 . 4 5 H., CHAWAT-RIRA
SRCTH T AR 7,14 f 21 d BERA 1. 5% 558
fik 2 b, IM 20 75 55 W A S STk IR V8 3 MitoQ
0.4 ml/kg(5 mg/kg).

XAHEDL CAl RAVZamie®skhn  &4H
KEFHASG 28 d 4 A6 B A 21, 4°C 24 F

MitoQ; Isoflurane; Hippocampal neuron cells; Apoptosis

490 22 58 W I Wl 1 2 op v [ e R 2 S HEAT R
FRMEAK L %05 B O 0 W G 3L, I B i 2 AR )
Ao R 4 pm, BERE 5 3R HC 1 5K A FE IR K o FE 4y
BT R g 2 R AR AL B R L. B
U B A% I 2 kAT HE 4L,

JRAR K R B AN 2 4w o e 3 TR %R
20 WL 24 h WETE SD K EL 5 HALFE 532 ik 41 41,
BRI A R B BT 2 ml Mg,
59 16 B 2SR B R AL Z) 1 mm® AY/NERL A 2 ml
0. 125 % [l . & T 37°C 1y CO, 40 M85 3= 4 i 1k
25 min, BOFF LW 4 ml 3R IR AR
b S E AT IR W i, Bh 200 B ALAR AY 4 j 07
1FUE VL ARAT AN A0 A R . R AN R S
X 10" A~/ml $2 T 1AL 3 2 5 8 2 1R 1) 5 5= 0
HLET 5%CO, B 37T CH FRAE TSR, 24 h
JE R R R SR A T e O AR R R AR AR S R LU
Bl 2 R¥fe—PWAR 57258 7 KRG &0
W, 4% 2R EEHE 15 min, 1% H,O, £ 10
min, 0.3% Triton X-100 %4k 10 min, 35 [ & 35 4]
1 hof-Tublin MHHK(1:50)4°C i &, FITC brid
IgG —HL(1: 200 F 1 h @G, 7 1:4 000% B
7 Hochest 33258 —ii# . & 5 min, 2GR MEET
WSS 28 0 240 L %5 o g B 25 R . A AR 4l A (W] 4k
POy R = CAHCHEMEEIR A MAL ) T 20 (4 L
H:F: L& A Billups-Rothen burg & 4%, 7 m# < 0
A 2% 5. L6 L/min 3 58S 10 min, /&
AR B Ohmeda S0 W 00 5 5 9 i
W B R S Rk vk P AR B 200,37 CHE 5% 6 h) s IM
ZH CFE 20 B 8% % 3 P oin AR BE R 0.1 pmol/L Y
MitoQ, H AL ¥R T41) .

mie A F AR R R A Lk L 5 X 10
A/ mlEFN T 96 LR, [8] i 5 5 B Mk BR AL CRD
A0 4 i e HE TR 2B R A B L A 445 40 A L o A
20 pl B MTT W 5 mg/L,37°C FHiFF 4 h, 7 %
WS, M 150 pl B9 DMSO ¥ W, 48 % ) W 10
min, ff Fr AL _E 0 GE 4% FLAE 590 nm kb () 6 % JE



It R R 27 2 3% 2017 4FE 10 A% 33 %55 10 ] ] Clin Anesthesiol, October 2017, Vol.33,No.10

+ 1003 -

(OD)H. FARFMEE 5 MELEf. FHML T
HIFETE R (%) = b B ZH OD-HIE X B L OD) /(%8
FXF B4 OD-B X BEFL OD) X100 % .

mie B im JE MK E N 5X10° 4 /ml
FH Rl T 5 A 35 3% A 19 24 FLARP L PBS vk 25 B 3%
WA T ml 4962 5B EE [ E 20 min, M5 &
3% H,0, i PBS Z R EBH 10 min, PBS ¥ ¥k 3 K.
JMA 0.1% Triton-X100 ¥K [ iE B 10 min. & 20
pl TUNEL 30 3% G 1 AR 2 4% 1: 99K FIR
A ZFE IR BEIEHFE 90 min, #£47 Hoechst 33258 Je#%
5 min J5 PBS #h¥k 3 K, 5 )5 PU oGV K B R il &
FOF 0 BOW %8, B A 5 B R ik B 4 A BT,
TUNEL % BH P 52 4% €5, 4 32 00 55 v 0 0 4t
Hoechst 33258 4 (@, FH P 5 W% 4, AR 32 40 B P 2 40
M4, L TUNEL 3% 68 BH 1 40 it %5 5 20 B 2 250 L {8
IR,

MDA & & F= SOD &M ml 2 4% Bl 5 & il
14330 R FH A A B L 22 TR vk R 4 MR 4 4 £k il 3k T
JE A MDA ¥ B AT SOD i 44 .

29 fEL & 45 4K I 8 4% (mitochondrial membrane
potential , MMP) 7K F ) 52 B £ I 41 4 28 o 41 i
FEI5X10° A/ ml 28 T 24 LA, JH PBS 1§k
2 WL PR BRBS FR W A 250 pl B IR W, BN 250
pl G TAEW . 37°C IR E 30 min H PBS ik 3
W AN 500 ol 20 M35 5% W, FH T s 3OS 0 JH: 25 O
SR AT E AT

4m feL M & P 2L 3k (reactive oxygen species, ROS)
ARE AW RN S ERE L R & IT L 5
X10° A4/ml # i F 96 FLAR, #5250 3 1 F b 2R 5 H
PBS ¥k 55353, B LI A DCF 357 H JC 1L 3 55 5%
AR 121 00085 F8) 100 pl, 37°C#EEHEH 20 min,
PBS ¥ 2 DCF i 71| J5 42 F Bl A 430 I 2 S 5 B (I8
KK 488 nm, & B K 525 nm) ,

48 i, P Bax.,Bcl-2 #= caspase-3 & 9 42 ¢4

A LUK R B R . B SE BE SR PBS BRI
5 U 43 Bl — 4t i FH— B B L 491 43 31k Bax 4t
1£1:1 000, Bel-2 Hii 4K 1:1 000, caspase-3 Hi i 1:
2 000),37°C 2% 1.5 h,PBS YL 5 ¥, hn iR i 48
W EEbRIC =40, 37°C M 1 h, PBS PEME 5 W, 4
o, B85%, % Fl BIORAD GELDOC XR % i 1% %
KR B3 E 5% . Quantity One Basic #F 43 BT 1%
AR

it 5 A R SPSS 13. 0 #4317 4 it 4>
Bro EASMI R R UM b2 (o )R
I« 2H ] LA SR A BRL TR 2R 5 22 4 B . T L AR
LSD ¥, P<<0.05 HERALITFE X,

4

=A

R

BL CAl R Zamies CHRRIED
CAL X 25 4 f HE 51 3% 55, gy 4 05 7, TE 8 58 % 1
AR U T CAT X 25 40 it 250 i W S o /b, A 22 4
JLAZ 45 5 S L 20 R A [ 45, 0 4 A 2 e e S B A
TR 2R ILAE T IE A IM K RIED CAL X #
25 20 A% [ 4 B 2 W A oA T S A R 0 HE B g
B D,

mie A &R SHMMAATERS NN, C4A
100% .1 4 21.73% +2.11% . IM 4 48.66% +
31000, THAMMAATE R EMT C H P <
0.05) ; IM ZH 4 M A7 T8 W 05 T 1T 41 (P<<0. 05)

mig A “HAMME TR SN, C4A
9.65%40.23% .1 2H 30. 25% +=2. 38 % . IM #H 41l ffg
AT 20. 18% 1. 56 %, T 2H 4 i i T % B & 7y
F CHP<0.05); IM AT RHEMT 14
(P<20.05),

FACE A MMP K -F 5 CHILK.THM
il MDA ¥ £ B 8 FF & . SOD 3% 1 B 8 F B . ROS
AR AR i B S B, MMP K S B IR (P <
0.05); 5 T 41 Hode, IM 4040 Jil8 MDA ¥ & B B %

w SRR A 2 A R 0 A R A HOER 11, BCA ik it %, SOD & M B 8 T+ 5 . ROS A %F A= 5l i B 2 %
ITEREAERE., W LFERN 25 pg BEA/FEAR, i s MMP 7K F- B S 38 hn (P <<0. 05) (38 D).,
e — T ' - T L as . ¥ L
.- ‘T ..‘ t".. ‘n v v, b i;- I-'A“.
- ".--_:.q : "+ v ”,' e :' oy - v ; p-
Sr P S . ':";'.."," T 1 R . s b ;
a¥. .""'-w 1 e "4 ( 4 ‘.A = ,‘-i.' . {* =
o 0 s Apig.r S
':": . 0 A'Jf"-'.-'-'rr; -t . i
i g AN ts . v Lol Ry o : y
T Y ) ,‘.' = ags -
.Céﬂ "f . "4 I?ﬁ ) . u' r IM4H 'j-d. _'
B1 =4HAREDCAlX HE £&E(X400)



e 1004 - I AR BRI 27 2 7R 2017 4F 10 A % 33 %55 10 ] ] Clin Anesthesiol, October 2017, Vol.33,No.10

F1 BSEAMBEPSHEHAEN MMP K EREE (x+s5)

£ 59 MDA (nmol/mg) SOD(U/mg) ROS # X} Az i it MMP # % 7K ~F-
(o5 8.23640.178 28.19240. 685 1.00+0.11 1.0040. 09
T4 15.269+0. 714° 16.369+0. 729° 2.34+0.56° 0.4540. 08"
IM 4 10. 183+0. 576" 20.37440. 258" 1.78+0. 26" 0.6940. 06"

W5 CAL®, " P<<0.05;5 T4 b4, P<<0. 05

Bax/Bcl-2 ## caspase-3 Za 4% 5 CHILL
BT 4H A Bax A caspase-3 tE H & & BT 5,
Bel-2 2 & BB BB AL (P<<0.05): 5 T 4 H#%,
IM H 40 s Bax #1 caspase-3 %K H & & W & [F K,
Bel-2 # A & WL 7 (P <<0. 05) (] 2).,

CZH 14H IMZH
L5r O ¢4l

)
W IM4 a

il

Bel-2 caspase—3

m Of
& :

w05t I
0 ﬂ
Bax

H.5 CHRE. P<0.05;5 T4 H#&.*P<<0.05
B 2 Z=4H4B8 Bax.Bcl-2 #0 caspase-3 EHSEWLLE

i

AR LR b R MK AL RE %
YR S Gk JRR T Ach B R B Th 2 41 CA1 XA 42 e
20 M A58 05 B, R TG 2 T RR I 2 BT MitoQ T AL
P BE 08 WYt e /b S R I A5 5 0 P 2 T A M R T, X
F W MitoQ RE % el 35 53 F5U Bk 0T P 28 70 200 Jf 1) 2473
PRI A BF 52 0 — 25 7F 1A A0 40 S 58 48 3 MitoQ &
P SRR A S 2 T AN B A0 A ML

28 50 2 M1 R TR S GRS R PR 4 A i
P F BN 2 1 ARSI b & S U B B
il o 2 G AN A A7 KL B S AR A R T Lok ik
JEEEHIA R T L AR A R A R E Y
Jt . B BURY SR R 3 TT L SOk A A T A ) AR
1k, T B 2R 4540 A8 57 AR DA £ R IR DNA 5848

W% B EE kS (DNA i R R 3 1 A B A AR A 4
SRR T R AR T A2 HE 2R R P I B R
a0 PR AR A R R AR BT S AL 2R G B RE Y A
SR LR A I TR AR G L e AT B M T
FIRFES

MDA E LA i BT 44k 52 0 2 7 ), RE %
J W 200 i 52 48, A el BE A5 05 O AR B2 L T SOD A b T 4
PRt , FC T P AR R LA BT R . AR
S5 2R 0o S SR 75 3 BE 05 19 0 4 i e MDA % 4,
FEAL SOD W 1 f2 BE4T A ROS A2 i B AR ZORE A
PR AT . DR IR A DT S T 75 5 T S R 8 OT A L 1Y
P8 T AT RE 5 175 5 A A I IR RO 4 2 RE B 5
A K Bz ZE R 0 2540 25U - MitoQ BA W
B ROS R A= Wy 9 4E . Wani 280 BF 5T %
H, MitoQ A3 i 3 2 ROS 7= 4 , 34 - 88 1k 9
PR 0 P B A e B 7K 1 A 41 1 4T I 98 S
A5 H S GRUBE I 3 2 1R T MitoQ AL B 2
JUAH L, 6B 4% T i A LA T 3 R AR O T R RN AR Ak
LK o ) IR I v 2 A I H 7L X R B MitoQ
B f% D3 /L 4 Ak N7 TR IS 2R A ) B B 59 L4 BT
S U S B A T A L T

Bel-2 28 F 215 7 40 L U8 172 09— > SC 8 00 I
5 i =D A G A S o g = A % N R VA =R S
U R T A Bax, Bak 488 H ARG R E—
Ao 2 B R) 4 Hb B A A R P 10 ) Bel-2 L W]
RAESERMIF &N TLRRARRE b R a3 C
F 412 5 sh 2R R I8 T2 38 4%, e P40 caspase-3
VA JE 1 0 T A S ST X 22 T A L O T AL
AR BF b A 5T 45 R BRS¢ B B JH Bax Al
caspase-3 e ik, Ml ] Bel-2 3K, M MitoQ HH & 41
il Bax fll caspase-3 BYF ik, & Bel-2 £k, XFE
W] Bax/Bel-2 V- 75 7 HUE 75 5 0 25 o0 40 i 04 T
EAEREVER, [FB MitoQ i 5 U ik 5 5+ 48 0 4
MR T R 4 5 4+ Bax/Bel-2 43+ 1 il % V]
A



It R R 27 2 3% 2017 4FE 10 A% 33 %55 10 ] ] Clin Anesthesiol, October 2017, Vol.33,No.10 .

1005 -

25 LTk BrAEE I MitoQ fE 9545 B 5 Sk i

S B P 22 0 0 D 4R A TR 2 R A B B IR ik 2D
AL T

(1]

2]

(3]

(6]

7]

& £ x W

Bi J, Zhang H, LuJ, et al. Nobiletin ameliorates isoflurane-
induced cognitive impairment via antioxidant, anti-inflamma-
tory and anti-apoptotic effects in aging rats. Mol Med Rep.,
2016, 14(6): 5408-5414.

Sen T, Sen N. Isoflurane-induced inactivation of creb through
histone deacetylase 4 is responsible for cognitive impairment
in developing brain. Neurobiol Dis, 2016, 96 12-21.

Si Y, Zhang Y, Han L, et al. Dexmedetomidine acts via the
jak2/stat3 pathway to attenuate isoflurane-induced neurocog-
nitive deficits in senile mice. PLoS One, 2016, 11: e0164763.
Oyewole AO, Birch-Machin MA. Mitochondria-targeted an-
tioxidants. FASEB J, 2015, 29(12): 4766-4771.

Kumar A, Singh A. A review on mitochondrial restorative
mechanism of antioxidants in alzheimer's disease and other
neurological conditions. Front Pharmacol, 2015, 6. 206.

Ng LF, Gruber J, Cheah IK, et al. The mitochondria-
targeted antioxidant mitoq extends lifespan and improves
healthspan of a transgenic caenorhabditis elegans model of
alzheimer disease. Free Radic Biol Med, 2014, 71. 390-401.
Zhang Y, Li D, Li H, et al. Taurine pretreatment prevents
inhibiting er

isoflurane-induced cognitive impairment by

(8]

[9]

[10]

[11]

[12]

[13]

stress-mediated activation of apoptosis pathways in the hippo-

campus in aged rats. Neurochem Res, 2016, 41 (10):
2517-2525.

Friedlander RM. Apoptosis and caspases in neurodegenerative
diseases. N Engl J] Med, 2003, 348(14): 1365-1375.

Simon HU, Haj-Yehia A, Levi-Schaffer F. Role of reactive
oxygen species (ros) in apoptosis induction. Apoptosis,
2000, 5(5): 415-418.

YuJ. Wei J, Ji L, et al. Exploration on mechanism of a new
type of melatonin receptor agonist neu-pl1 in hypoxia-reoxy-
genation injury of myocardial cells. Cell Biochem Biophys.,
2014, 70(2): 999-1003.

Wani WY, Gudup S, Sunkaria A, et al. Protective efficacy of
mitochondrial targeted antioxidant mitoq against dichlorvos
induced oxidative stress and cell death in rat brain. Neurop-
harmacology, 2011, 61(8). 1193-1201.

Cui S, Sun Y, Liu C. Effect of bushenyisui formula on brain
tissue apoptosis and bcl-2 in beta-amyloid protein-induced
alzheimer’s disease rat models. J Tradit Chin Med, 2012, 32
(4): 646-650.

Venkatesan RS, Sadiq AM. Effect of morin-5"-sulfonic acid
sodium salt on the expression of apoptosis related proteins
caspase 3, bax and bcl 2 due to the mercury induced oxidative
stress in albino rats. Biomed Pharmacother, 2017, 85:

202-208.
Gl H . 2016 —12 - 20)

QI A JBR IR 27 2% 75 ) %ok ke i 38 44 B B3R

SR VEE G

VR WA 70 ST I 45 68— O BB AT 6 . 5 00 7F £5 i I 5 o 70 2 il i R v O B 41 B 4 L A A R 5 —

YR 5 My EL B TR WY Pl A (AP 35 26 42 B0 VRO . AR 2 B ) IR S L T S TIT L B2 4 Bk Y A PR R R 2 A T P B A
A HABAEE AR [F — B, 5 A 3 AL TR AL R G S S AR E k4 . R AR A (D2 5 Mt
22 5 GORHAY S0 B R RE 5 (2 78 55 8 el S rp O e T AU 2 N A5 (3D RE X 4w AR A B0 18 o R L AT B L 2R
ERHATERE PR AR BEZICRRH . UL 3 RIW R CE AR RGO RS SO T M B B S 5 M SR
Tt [ IR 3N RS RS E MR E . CWAFEE X SR BT 5 — AR (A A A AR LS



