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HWE . BY AR S EAH E R Q(MitoQ ) 3¢90 a1 #1 K R fn B RS £ & Ak o) it [ 2509 45
A, FHRT AR, ik SRR R TFRWHMKRR, A HTRATHL, MicoQ4L, MitoQ+74 125 B

(Brusatol ) 28, #4110 2 ; H 10 R SD K RAEA AR, Ik % 14 R MitoQ 4L M I IE 4 MitoQ 3.5 mg/kg;
MitoQ-+Brusatol LI IEH MitoQ 3.5 mg/kg, # F Brusatol 1 mg/kg; *TRELL, FIRaTHALM A4, #F SR

AR, 1k/d, TRERS 19K, BMHERE 15K, 17K 19 RS E; RIMLE AN KA R BLEE 5
MEZIL(PT) &M ; Western blotting M 6 &0 24 A -F E2A48% BT 2(Nif2) . SAMF LA (ARE) & @89
Rk, R BMKABRS 15K, 17K, 19FRKEERE, RRELMNT & F 204, 48 OREAN
8] SO T £ F-(F =0.045, P =0.963) ; Q&UUKSHER £7F(F=15.111, P =0.000) ; @ZLDK L5 E T LA H

H £57%(F =16.889, P =0.000) . FIRATHALPT FHH & T3 B LF MitoQ4L( P <0.05) ; MitoQ+Brusatol £1 % T
MitoQ 28 (P <0.05) , F AT AL Nrf2, ARE % & 4831 % &5 FAK T *F & 40 F= MitoQ 28 (P <0.05) ; MitoQ+

Brusatol ZEA& T MitoQZ1( P <0.05) , Z5if SR AMA MitoQ THAKF IR ATH K Rfe /B, HENEHLE SR
BE R LMY, Hog 9T AR T Ak it 4% Nrf2/ AR E i@ 9%k 5230,
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Effect of antioxidant MitoQ on blood pressure and placental
mitochondrial dysfunction in the rat model of preeclampsia*

Lei Yu', Cai-xia Zhang’, Yan-fei Bai’

(1. Department of Obstetrics, Lanzhou Maternal and Child Health Care Hospital, Lanzhou, Gansu 730030,
China, 2. Department of Obstetrics, The First Affiliated Hospital of Lanzhou University, Lanzhou, Gansu
730000, China; 3. Department of Obstetrics and Gynecology, Lanzhou Second People's Hospital,
Lanzhou, Gansu 730046, China)

Abstract: Objective To study the effects of antioxidant mitoquinone (MitoQ) on blood pressure and
placental mitochondrial dysfunction in the rat model of preeclampsia, and to explore the underlying mechanisms.
Methods A total of 30 rats with preeclampsia were randomly divided into preeclampsia group, MitoQ group, and
MitoQ + brusatol group, with 10 rats in each group. In addition, another 10 SD rats were selected as the control
group. On the 14th day of gestation, rats in the MitoQ group were intraperitoneally injected with MitoQ at a dose of
3.5 mg/kg. The rats in the MitoQ + brusatol group were intraperitoneally injected with MitoQ at a dose of 3.5 mg/kg,
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and administered intragastrically with brusatol at a dose of 1 mg/kg. The rats in the control group and preeclampsia
group were injected intraperitoneally and intragastrically with the same amount of normal saline once a day until the
19th day of gestation. The systolic blood pressure on the 15th, 17th, and 19th days of gestation was measured. The
mitochondrial permeability transition pore (PT) activity was determined via colorimetry. The expression of nuclear
factor E2-related factor 2 (Nrf2) and antioxidant response element (ARE) in placenta tissues were detected by
Western blotting. Results There was no difference in systolic blood pressure at different time points (F = 0.045, P =
0.963). The systolic blood pressure (F = 15.111, P = 0.000) and the changing trend thereof (¥ = 16.889, P = 0.000)
were different among the groups. The PT activity in the preeclampsia group was higher than that in the control group
and MitoQ group (P < 0.05). Compared with the MitoQ group, the PT activity in the MitoQ + Brusatol group was
also higher (P < 0.05). The placental expression of Nrf2 and ARE proteins in the preeclampsia group was lower than
that in the control group and MitoQ group (P < 0.05). In addition, the placental expression of Nrf2 and ARE proteins
was lower in the MitoQ + Brusatol group relative to the MitoQ group (P < 0.05). Conclusions The antioxidant

MitoQ can lower the blood pressure of rats with preeclampsia and improve the placental mitochondrial function and

41314

structure. Its therapeutic effects may be achieved by regulating the Nrf2/ARE pathway.

Keywords: mitochondrial coenzyme Q; preeclampsia; blood pressure; mitochondrial dysfunction
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AL SPF 2% SD HEdE R BL40 2, 8 JHiE, &
5T 5 290 ~ 310 g; A K 22 SPF 4% SD M K B
80 H, 8 AL, A 230 ~250 g, W HILHTMER
ST ABAE YRR B RS2 58 S W 4 VR R UE S
SYXK ( H)2019-0007, 55K 5h ) A 7= iF vl k5 .
SCXK (5% )2016-0009],

1.2 EFEAFRMUEE

MitoQ 114 H 3% E Med Chem Express 23 &), F9H
¥ BE (Brusatol) W F BRI 3E 8 4= W) £ R A BRA
A), VA S A e A 2R W I (L arginine methyl ester,
L-NAME) g § i taic A= YR A R A A, 40
SR 43 25150 £ A 55 [ Beckman Coulter 23 A
Wi P 48 2 (reactive oxygen species, ROS) il 7l & .
[ (Malondialdehyde, MDA ) &5 & W A I 5 HE 75
EPRHEATIR A A, RPUR A 7 E2 M ¢
¥ 2 (nuclear factor erythroid 2-related factor 2, Nif2) |
¥t & b [ W JG 14 (antioxidant response elements,
ARE) | i JE UGG 1 25 %010 34 )5 (NAD(P)H:
quinone oxidoreductase 1, NQO1) — P A 3£ [E Santa
Cruz 2y Al

Medlab JC 421 ifil & ) & 53 #7 £ G20 A R 50K K
SCAEMBEA R AR, SR A L
GBI R A, JEM-1011 3 % 5 5 058
W[ H A H iR 24t 2088 U Y] A AILIE H
Fi 1 LKB A W)
1.3 Fik
131 FRATMRFBERG LR A om 4 R
2 TERR T 430 784665, K H 1 8:00
W B B3 o3 W W R, G W58 3 [ R B 9 o Dy i
BRIAES 0 K o BN 50 K2 B BEHLAN I 10 H 3k X
MRZH, HoAay 40 HONGEEREE 7 RIT 46 K2 T T 4T L-
NAME 100 mg/kg 5 il 79 B A A BUBLARY ;X RE 20 3
GHAF AR ERK, TR, BH 13 K, AL IR
ibndfi . Y 4i )k ETE> 30 mmHg, > 115 mmHg",
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AT, S TR SO AT Q X TR IV R LI B i S 2ok (D RERE AT A4 AT

B A i 2y 30 5, BEALAY 4 FoR AT HIZL . MitoQ
2H . MitoQ+Brusatol 21, 4F£H 10 2.

132 Fm A GEIRES 14 K MitoQ 41 = 1 5t
MitoQ 3.5 mg/kg, MitoQ+Brusatol 41 1§ [fE 1 §f MitoQ
3.5 mg/kg, ¥E'H Brusatol 1 mg/kg, XFHEZL . F I Al
A MG . AR B AR TERK, 1R, T
T AT UREE 19 K.
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AR F] Ca* 0.3 mmol/L, 2R 284043566 B -
FE 540 nm A0 WG RE (R, LAWK B (B 2 m b 1A
JIK 38 375 P %% $2 FL ( permeability transition pore, PT ) FF
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W E 25 min, R FH B AR ASCRE 098 & K 485 nm . T
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2Rk A e, ROSA: iR U Z i HA
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i, RS AR R & B A T R
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BRI, B0 R BR BN W, A 2.5% I3 T L 19% K
% , 35°C [ % YLIE 60 min, £, 15 K R 58 79 e B it

K, PR R AL D) R ML) R (R B S0 ~
70 nm), BEEREN. FrERRETIKIK YL (0, fEH T BT
I T Gl WUk 2S5 LN i €y i
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NQO1 % & WARHERAMREAL, 750 S
JE I M 2L f T oK B 2568 30 min, B5.0H 3
W, BCAWLERA M, WA RS shil
TRA YKV S min, H G HE T JEAT 5 R ATk,
OB LR B IR AR L, A E
P T2 T L h, AL 400 B A St K
BUNrf2. ARE .NQO1 —#i, 4 CHEIRIFH K , 7850
VR T I 122 000 H B /9 1L AP =Pt , = 0
A2h, RAMERGEERL . B, Nf2,
ARE. NQOI £ 1 4 X} 3% ik & DL H K B i/ =
GAPDH JK (AR o
1.4 FitEHE

AR 73 BT R 1 SPSS 20.0 G it ik . i YRR
AR + b2 (xx )RR, WA H R 7 25
Br ol & W T 0 25 50T, E— D P LA
FLSD-1 K46, P<0.05 W EFAGITHFE X,

&R

FHEKRKRWBEENTH

PR . T AT 4H . MitoQ 4H . MitoQ+
Brusatol 41 K FRUUEYREE 15 K. 17 K. 19 KIS &
i, SRHEZM BB 200, 4% O
[i) FsF ) A5 Wi 45 15 G 22 5 (F =0.045, P =0.963) ; 4%
IR A 22 5 (F=15.111, P =0.000) ; @)% 41 U4
JEARE A A 25 (F =16.889, P=0.000) ., L3 1.

2

2.1

F1 BHEXRITIREARE R E RE8 S E LR
(n=10, mmHg, x +s)
215 EEPS FE1TR H19K
popistiil 101.21 +9.33  99.74 + 10.24 100.29 + 10.63
T 133.56 £12.57 136.98 +15.52 139.70 = 14.50
MitoQ £H 112.96 +11.38  110.27 £10.75 111.50 = 12.94

MitoQ+Brusatol 4 120.63 + 10.65 121.52+11.87 122.32+12.35

2.2 HREZMIEINEE
KA PTG . ROS., MDA FL#r, 452245007,

RO FE X (P<0.05), #k— 455 A4
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FWIR . R T4 T B4R MitoQ 4 (P <
0.05) ; MitoQ+Brusatol 4l & F MitoQ 41 (P <0.05) .
W2,

F2 BAKXRBBELNEINGELLER (n=10,xxt5)
15 — ROS(#t  MDA(nmol/
% i /mg ) mg)

poickicl 0.03 £0.01 20.64 +3.65  39.56+4.91
IR T ZH 0.09+0.02  3954+433 116.87+21.24
MitoQ £ 0.05+0.03  2731%395 71.75+9.36
MitoQ+Brusatol 41 0.07+0.03  34.63£421  95.42+10.02
F{§ 11.594 42.034 66.287
P 0.000 0.000 0.000
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MitoQ+Brusatol 2 0.32+0.04 031+0.05  0.41+0.04
F14 283.937 164.242 125.909
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JERIREAR, 4278 MitoQ T F& A1 7~ Hi 399 O B il Je
B RLAR T fE

< 70 -



i,

P

%4221

s AR SR AT Q X T AR UL B S b PR T RERR AV TR 52

ROS 24l TR, PRI R IR B A XU
25K, A& ST A AL e L atE A 38 & HEAEH
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WA, Nef2 5 Keapl fif# 55, B 24, 5
ARE 45 A J5 380 FL T e AL R 3R 7 NQO 1 1 7
5% . CALDEIRA-DIAS Z:1"% B, 5 1o ek 28 Bt | 4k
B A AR DG HE R Nef2. ARE RO PE, TG 208 R il
AU DR MR B B B[R], 4R 7R Nef2/ARE 38 % 1] 68 2
BIT IR R il S 2 — . ARG RER, T
i T MG S ZH SN2 . ARE . NQO1 4 A A % 3%
KR T X R4, R MioQ T WG ¥ 5,
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