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2R G S AL AR AR S SR IR AR M S F A B AL A R IR 6 m ARZ £ 5 3 IR ALY B ARG LA (AP) , RIGIE LA AR Fe B LA
MR IR Ty ke STAT M, B AR IR B0 -FHA0R A8 €35 (HPLC) 3 3K Rk P I & A Ak Je sy 104 SH AT 5 A, 4 3L 5 Bk ks
ﬁx;‘%ligl]ﬂi o HE— AT E R F 0L A M, R R B A ¥/ 5 A.(OGD/R) 445 HT22 4a Jo o 7 A0 2447 bk . Z5 R RIRPT
é’:ﬂu&hﬁ%ﬁfn, LA &M, TATHRIREL R B+, 2EH O-HPLC F A AR5 B ik, TH TRRELA LB RIed o ik
é’aﬂcé\%o IR IR ILT 2/\ﬂwéi%»ﬁtﬁamt/‘\%(ﬁaﬂaaw%\Xﬁfé%m‘?&e) B TRS BAREERER, L F i
AEPEERT 5, ML R R R, b2 K T AL 25 % 25.50,100 wmol/L FALL 32, sF HT22 fn it 45 76 R v s, 5
BEA AR YL, 3¢ #2 ALK W B AL 22 5T A% OGD/R 445 4m e st o= & | BCEBL A tm BT 25, 4% B B ) 4w i ATP \MIMIP KT | AR BE Y 4m
B SUBR L BB L E P EROR T 5 KRB R M B LA, K39 2 F B A 43t 5 & L (P<0.05), Z5i8 AR AR P24
i AR Fe Ao (3T B IOR T B Ae 3t BAR VB ), 3 P 2+ B K W BE 2t OGD/R #5094 & ta e 5545 A WA e k745 A, =T
Al A R AR e 8y 8 T K AEAY 2R AR A S
KR KR AR IR B S & BURAR G Y b T AV B R AP

Acquisition of brain mitochondria targeting compounds in Gastrodia elata and study on their
neuroprotective activities

YU Xinglin, YANG Liping, CHEN Pu, DUAN Xiaohua (Yunnan Key Laboratory of Dai and Yi Medicines,
Yunnan University of Chinese Medicine, Kunming 650500, China)

ABSTRACT OBJECTIVE To obtain mitochondria targeting compounds from Gastrodia elata, and to study the neuroprotective
activities of these compounds. METHODS The mitochondria was extracted from cerebral tissue of rats. The purity of mitochondria
was evaluated with Janus green staining and neutral red staining. The activity of purified mitochondria was evaluated. The purified
mitochondria was included in the control group,and the inactivated mitochondria was included in the experimental group. The ratio
of the difference between the peak areas of the control group and the experimental group to the peak areas of control group (AP)
was determined and calculated to verify the feasibility of the method for obtaining the mitochondria targeting compounds. The
mitochondria targeting compounds from G. elata were obtained by ultrafiltration centrifugation-high performance liquid
chromatography (HPLC) and identified, and the effects of the compounds on the acitivities of mitochondria were also detected. The
neuroprotective activities of the compounds with better activities were studied with hypoxia glucose deprivation/reoxygenation
(OGD/R) damaged HT22 cells. RESULTS The extracted mitochondria possessed high purity and activity. Results of feasibility
validation showed that ultrafiltration centrifugation-HPLC method had recognition and separation function, and could be used to
obtain compounds with mitochondria targeting function. Two mitochondria targeting compounds (p-hydroxybenzyl alcohol and p-
hydroxybenzaldehyde) were obtained from G. elata; these 2 compounds could improve the activities of mitochondria in vitro, and
p-hydroxybenzyl alcohol had higher activity. Results of cell experiment showed that pretreatment with p-hydroxybenzyl alcohol (25,
50, 100 wmol/L) had little effect on the survival rate of HT22 cells. Compared with the model group, p-hydroxybenzyl alcohol
could reduce cell mortality of OGD/R damaged cells, improve cell morphology, increase the levels of ATP and MMP, and reduced
LDH and ROS levels and MPTP openness; most of the
ABSTR [F5A KR REE R I (No.81960733) ; =M & differences  were  statistically  significant (P<0.05).

FHETHUIH (No 2019FB120) ‘ CONCLUSIONS Two  brain  mitochondria  targeting
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effect against OGD/R-induced neuronal injury, possibly through mitochondria targeting therapy.

KEYWORDS Gastrodia elata; brain mitochondria; ultrafil-tration centrifutgation; HPLC; targeted therapy; neuroprotec-tion

AMARTELAERF KNG 2l b R 456 HEAE AU
YN EERE ORI, S S a7 R
1% 1% (reactive oxygen species, ROS)  #15 fig 5 i A1
YRR A A5 AR B Y BRI RERE RS & S EUFE
PREESBENR , 0 H 5t 0P A BT O T R
SR FIA A AR AE . D, ST X b AR D Be R, B
IRZRRH RS XT IR T A 22 B 2

UTAERE | D e 24 v 3 HUEAR Sbr (AR ] D) B 4395 1
B BB A Y RIKCH 2= B Y KK Gastro-
dia elata Bl W T L A HUEALII BT & G5
IO RERS HUMER S 253V E T, FH TR Ia 4 A0 BT /R
DR O FARAE R il B 4 SRt B AT, 7R
KRR TR AMEE Y, AR (AR R R X
FORHIE) A LIRS CANCURI AR ) | B ARZE (an B-43 S
Pt ) S0 SEER BRI, RIRER L VR 55 T R 5 HT
SN AR AR T PR AP R 2 R R PR SR,
XoF IR JFR A A A D) BB P35 1 S 1 AR, 3k ™ o PR
il 1 HAR LRI HILR 0 2 — 2P BP9

S B N SR i S i 1 =~ BIN | R N
(HPLC)-J5 15156 FH A 5125 AR HBUHE o) JFFAIE o O P 2B b A%
B H 2 6 P 3, - e 24 S A UE B I AR IO o A
TEHEVE T, 3 IR 2% 1040 T s RIOER B AR AR AT )
BV T o FET R R O AR %
S AT AL AR 0 2 O BE PRI 20 B S I LR AR g
(RT3, 2R HTHPLC 570 H 525 5 i, il o ik 4
Bk Wi/Z A (oxygen-glucose deprivation/reoxygenation,
OGD/R) 41t S B BT T AR B W (A i 22 DR AP T

1 ##
1.1 FENE

AW FT BT 2 BAL RS A DM A8 & A ) b s
(_BiHRRAER A PR ] JFD-1A-50 BIA 4 TR HL(dL
LR SIS A PR R ) | VariosKan 74 317 K F1 4
A L2 TR HEAR A [FE R /R B (P D A R A
1260 % HPLC {X (34 [H Agilent 23 1) ) . ST60-4 B AL AR fH
TR 75 (BRI ZS A FRA B 45
1.2 FEHBSIAHA

KW = B R e 25 58 e 24 1 o SC I = R 42,
2P PR L 2 5 A s 2 A SR I T R
ENERHEY R G. elata Bl THRERZERB K . XTI
il ] 32 FE 4 F I (p-hydroxybenzyl alcohol, HBA ) | X} 2
FEZ B % (p-hydroxybenzaldehyde, HBD) . J& 55 1S | i
P AR (it 5 4 B b AF21030253, AF20062752 .,
AF21052851 ,AF21052807) ¥ [ &R L MR A
BN F) 4l B 2 R /N T 98%; Bl &) DT AR Xt BE S (5
A8830, 4l iF =98%) MKk 2= X} B 5 (41t 5 TE0020, 4

TEZED 202245 33 5 22 1

JE=98%) WEWE I (MTT) (41L5- 823L051) Lo ki A £ it
IR & (b5 SM0020) ¥ [ Jb 5 23k ERH A R A
A) PPEZT (345 DS300-2) 1 [ b5t il [ B A= P HoR
HRFAT AT 5 (@ AR 4% (A5 S19083-5g) W A |- i 5 -
AR A B w5 2 k7 1A i L 037 (mitochondrial mem-
brane potential , MMP) kil 171 & JC-1 (41t BL711A) |
ROS K13 771 £ (415 S0033S ) | £k ki 1A 175 1k s i AL
(mitochondrial permeability transition pore, MPTP ) #G; il
R & (45 C2009S) | FL R i & i (lactate dehydroge-
nase, LDH) 4 i 2 A 3450 & (41t C0016) ¥4I { |
W38 = KA EARA RS E] 5 BT = B50R (adenosine tri-
phosphate, ATP) 7 1 il i & (41t 5 A095-2-1) 1 [ R <
R T ARMFSE T
1.3 SEIGEhYFNLHAEER

20 H SPF 9t SD R B, IR BT i A 250~280 g, 1)
8 3R s ek SERR B WA BR A B sh A Vel IE
5 SCXK (i) 2019-0004, FirA ¥ K shiyy i 7 445 &
QB 25256 2l Wi PRSI 20 ) ) A B3R AR PR A 45
R-062021088, HT22 ¥} Shpfi oo 4 M [ 1 Vg At A=
YR BR A F]
2 AEEHER
2.1 KEMALADEAEFRIEE4E HETM
2,11 ZhiRAHEEC MEBIALSE SD KB, PR H K
Jidi , B TP AR BRER K T (AR ok L 7)o R4
SR AR B R 65 100 BH A5 B2 IO 2R A |, 15 4l Ak 2k
P RLN
2.1.2  ZRRRLEEEVEAS WAl fe okl ik SR alifb 2 A
PR (R 2R R B G & Wash Buffer 20 2 i 28 7
i, S A AN Ll 20) 23 5B TE T 200 L R LR 2% ol
TR, I 0.3% @R LR 7 W (LA L 8 ekl ) Fn
0.15% TR ZT I R (S IR 8 R AR e £5) 45 100 pL ik
Ho IR TEFE 10 min J5 , BT 8608 F g, 45
KR, Araifb 2Rk b aT WK 4=, i fb 4ok tA
W] B — A R Sk (R, R W 28 4R R 4O A gl B
m(ELD,

B.alifLZehi ik

A.ﬂEW?&é*ﬁﬁs h
B1 FE4fbbifl A LA E R AB KN LT
& & (x400)
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2.1.3  ZRRARTEMETIAL K S256 43 S X HE 2 R JE A
Ak Wy 5] 4 7K i (carbonyl cyanide m-chlorophenyl hydra-
zone, CCCP) 4 FZH (CCCP Al i S H 7 R I ) |, F: 4
P 4N TAT . BRI 200 L 2l Ak 4 4 B 7 i (1
mg/mL, R 6 22 thias WL, T IE)) X B2 R R4
55 F= WAL B, CCCP 4b B2 H % CCCP A4 4 i 1% 77 T
(1:1000) 403 AR H& MMP A8 557 65 TC-1 158 B -F Gl
LRARTENE . R @K AR Z DR e 4 &
P h 525 nm K SHIE R 590 nm BN 5E DG, 766
BB, MMP 855 o 5250 %404 (] Graphpad Prism 9.0
AT 30T . SERR B DA X £ s R AR LR
FH G I  K 56 K ME a0 =0.05, 255 8%, 5% B4 96
{8 (154.90 +4.05) AH k. , CCCP &b 3 2H %€ S {1 (80.10 +
4.04) i E AR (P<0.05) , F A AL LRI A HAT 16 1
2.2 KRERFMLHEEELE R TETITHE
IE

K ABUE B0 -HPLC IL A7 52 o LA 4lifb 2ok 1A
Skt BEZH s BRATAL SRR TE WK T RF LIk 2 h, 7= A 2k
F FEA WY EIN R I TG LR B HA T S 4
221 WWAHE  (DIRAHERT S5 S0k [T], R
22 B B~ | 277 B3 6 S A NN [ N T NTIE 7 N =
W40 2 mg/mL RS TR AR . (2) JE S HB P PRI
W< R W AR 28 JE BT B i v FE R 2 mg/mL
PIBRUET IR - (3) LG AT A AR HETA W RS % L 5 WL TR
BRI 200 L e 3 LA AR IF W (1 mg/mL,
R R R s G, T IR 78 37 °C A4 R 60 min
bW SLb AR LS ) B F /5 E T 0.5 mL 10
kDa i IEE T, 7E 4 °C T L) 14 000 r/min &0 25 min (2=
brAREE A ) G F 8 % 2% i (50 mmol/L, pH7.5)
gk 3 YK, BRIK 200 WL CTEVERZE A 4y ) s THEIEE
JIA 400 L 80% H SR 7 (W% 500 W, TR 40 kHz, T
)20 min J&5 , 7E25 16 T LA 14 000 r/min 250> 25 min (4325
A sr)  AASBUEW . KBIEmE TARRW T T
f, 11100 WL 80% FP st 75 fige S BIVAS S 56 4 VR 5 s MV
W (4) X REZTR S AR RV TR A B RS pL IR B dnifE
5 200 L gl b2 bR B0 W, $562.2.1(3) "I R
4%, BIAS o (5) 5250 2 e 5 b S s oE  TRE «  23
5 WL JE B AR HE VA TR 5 200 wL 2% 15 2R AR B I
F52.2.1(3) "W F J7 il 4%, BIAS (6) %) B4 e 5 1 -
PRIV T« R W5 L JE B P ARvE R 5 200 pL
Al Al ZRL AR B W L 45 2.2.1(3) I T R 4%, RIS
(7) JE B b - oF R S 3 T < 2R FH 809% FY st o ol o 2 4k
1 mg/mL (1 JE SEHEY-XoF BR A R
2.2.2 (340 L) Agilent SB-Cis(250 mm X 4.6 mm,
5 wm) R ETER ;K (A) -2 (B) M shiA , b6 B e i A
¥ UL 2% 15 A1 1k 30 °C 5 Kz 4 Sk 230 nm; 3K 4 1
mL/min; #AEE N 10 L,
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x1 RIBEEERBREF
Bimin Al B% || Bfilmin Al B
0 0 | 100 0
B 100 o s 0 100

223 SCIGIGIE O HU<2.2.1(3) ~ (7)) N W, %
“2.2.27 WU AR AR 3BT o X B2 S IR 20 1Y
W TR R 2 2 5 56 B 2 e T L) ER L (AP) >20% i, 2 FH
WA SRR RER S BT AP IR AKX W .
AP=(P.—P.)/P.X 100% , H:h P, P43 IR BRAH 51
YA T AL, R 2 AT, 5 SR TR A AR v R A
Ll , X REZH TR G A v v R J S b T 06 T RRUA B A 1
T, AP H9(34.11+1.10)% ( >20%) , 1fij ] ] VS A 1 ] 2
PEARIE R BER A Y (AP<<20%) ., MO, 53 5oR, 5
S 2 JE B B T VROR L, Xof B B T B o
VS S b ST 0 TR B R 3, AP (43.41 £ 6.06) %
(>20%) . AWFFERYT, BT 5L PGMRRIB & DL 5 2k
PREE G Je B A S ER AR RS A, I,
ARG R LU IE 0 -HPLC ¥ HAA R4 B Theg , v]
FH T ARBUEAT 2R AR ) DI RE AL 50

500 JE BT
400
2 300
<200
100
0 : - : ; ‘ ==

T
0 2 4 6 8 10 12 14 16

#/min
A HRALIR AR HER T

400 ST

300
2 2007
£ 4

1004

0 T T T T T T T T
0 2 4 6 8 0 12 14 16

t/min

B. SCHG IR A BRI

5004 Je BT
400 4
2 300 4
Z 2001
100
0 ——— =
0 2 4 6 8 10 12 14 16
t/min
C. 5 BEALJE S P AR UE T T
200 4
j JeBEHY-
150 1
< 100
=) 4
504
0} A on
0 2 4 6 8 10 12 14 16
t/min
D. S50 2H e B AR EA TR
1500 1 Je B
510004
< ]
E 500 A
0 T T T T T T T T
0 2 4 6 8 10 12 14 16
t/min

B JESLHO T AT 0
B2 KAk e pr R SR L & MR IR B 77 % SRR I8 iE
HPLC [
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2.3 Rk RA IR E L S M RIFREL

2.3.1  RIKZE T 0IEIE K50 g KRR R A 500 mL
70% H i 30 min Ji5 , A $2 U 60 min, i EHEIBOR ; 5%
WA 400 mL 70% SR 75 2 E 60 min, 1 318 $2HK
W o K 2 UKD U 1 SR EBURGE 1 e FE 25 K 4R A 45 °C I
FRHeAs , e aq Ve R T BRHLTR T, RIS R BR R T8, T
i MR TR A

2.3.2 BN ZFESLETE SRR RAERE S%
“Q.27 W N SLIS AT RN “2.2.1(3) "I X BE AL IR A b Vs
W25 R T7 , DARIRRVR T893 19 34~ i ik 4 (150,300,
600 g/L) by e W , W% 5 0 18] A 60 min PEAT#4F , #2
“2.2.27 T Ak SRR AT BTN E 3R, A
PRUEVS A e AR B . 455 o, B ik B A 300,600
o/L i, RIFIEI A 4 40 AP>20% , {A J5i 5 1 i
600 g/L I} 5 LIRSS G i o S s (R 2) , i —
A LA R B A VA TR0 I B 1 1] (30,60 ,90 min)
PEATREIN , 25 AR e MR B AR B s ) . 25 SR R
I 7 I [A] 24 60 min B, 59 B ROCR 4, A 4415 AP>
209% (3R 2) o RIRF SRR 0] £k & W 3R e A 2
K s RIBR T3 R 600 @/L, W% 75 FF/E] 60 min,

%2 AARERE AEABEEHETRXFRFRSS5%

300 P2
2 200
= P4
£ 100 pi. | P8
0
0 2 4 6 8 10 12 14 16

t/min

A SR ASHIE T (T e 5 600 /L I & ] 60 min)

200 ™~ KR
2 100
£ 50
0
0 9 4 6 8 10 12 14 16
#/min
B. HBA X i S5 T
400
- 300 X B R
< 200
£ 100
0
0 92 4 6 8 10 12 14 16

t/min

C. HBD X F& 45

B3 RERPEARIEEELSYEIAR HPLC B

P54 MMP 5 B 4K (P<<0.05) ; 5 CCCP i S:4H Hh 4%,
HBA . HBD 4t ¥ 41 MMP & % T} 55 (P<<0.05) , % B
HBA \HBD 4h ¥ ¥ R Al 2 b7 AR 6 4 T 5 o b4h, 6 3
Al 1, HBA 2t3% MMP 1 /E AL T HBD, 1 H. 2020 4F jit
(R [ 2 8L ) v HBA 871 A KRR T 42 il B4 i 43 2 —
DRI PR ER HBA AT 2250

R3 HELEYWXMMPRIEN(x+s,n=06)

i PN —
RFLEEHR (n=3) g TEAYHE (o) MMP || 4151 W AYKE (umolL) — MMP
SE RSN AP+ . TR 4910, b 421040°

o SYRREARIMIAP G £5) AR f ﬂ% 12494058 || HBD A 50 9424040
Pl P2 P P4 CCCPf4l 5761047 100 9.600.61°

REREI0gL 32334518 33671186 2 HBA fb P4 50 10.77£060° 150 10.13£059°

FEKEI0gL 34691442 40514352 3997+767 28814667 4 100 11.01£049

FEREG0 gL 45402706 6101760 51061729 39341433 4 150 1027086

FERI30mn 23241193 3354240 2 a: 50 IR LHE#E , P<<0.05;b: 5 CCCPIE F41 Lh#E , P<<0.05

FEIE6Omn 4049891 52414250 5120807 35741559 4

. q 4 i
WA O mn 38811848 58374735 543111335 3 2.5 HBAXHT22 HBERIHREZRIF1ER

2.3.3  MrFEIA HUHBA (HBD X} R 5 & 2, 505128
80% H B A S5 Ha 1€ J 4 0.1 mg/mL F4 % BRSP4 TR, 2
“2.2.27 WU N GRS S R . K IR
T A5 2.3.27 R KRR TR BT iR Bl 600 /L B H
B[R] 24 60 min B (1) 552 56 20 23 b7 468 8V €6 1% (51 8677 L
%},357A P2 4 HBA .P3 y HBD, £ UL 3,

24 REBUEY BEMEREE NI

2.4.1 Siite#J5i: W Graphpad Prism 9.0 854X} %
WA 30T . THEERILAX £ 5 3R, 241 SR
FHEAPRI R T 22501 , 2L IRTP R EL R F LSD-e ki 36 (5 2%
F)BAESERR ARG I (J7 2455 ) o KK ifEa=0.05,
2.4.2 MMPllE  MMP 2SR M T B bR
B, KAl b LR AR Sy R Xt B AL ([ 2l fbZekifk) .CcCCP
34 HBA 4L FH4H (CCCP+HBA 50,100,150 wmol/L)
HBD 4t FE4] (CCCP+HBD 50,100,150 wmol/L) , &4 15
B 6 TAT. BRXTIRZHSL , & 4% 2.1.37 W CCCP Ak
PR 5 A PRIT 45 AR 25 J5 452,137 T Jr kit
TP MMP RGN, 255 (3% 3) B, 5 X R4 L #¢, CCCP

TEZED 202245 33 5 22 1

2.5.1 HT22 4iMAENG AR R MTT ik 047 K
W OB K0 1 HT22 40 32 R0 T 96 FLAR , 20 e 2%
JE S 1 X 10°4N/mL, 4L 100 wL B2 43 K2 F vt IR 2
(FUmMEEFREE RN Ignie) IE % 4 QE R B 32400 AR
e ¥ HBA (25,50 ,100,200,400 pwmol/L) 4 , 4 4115 & 6
AL HBA LU0 A 5 AR R BE 2590 1) 58 e R 7
J CHV 5 10% i 240 10035 2 1% 75 5% 55 2 XL Y RPMI
1640 555 5E, R A , IEH AUMA ST ks 37 3L, T 37 °C,
5% CO 551 4555 24 he (H FHEEFRAYL T 490 nm & K Ab
IS WG BE (A) , 545 20 40 A7 0% 3R < 40 A7 3 R
“2ATI NG AR (TR S5 R BoR, HIEE A
AH LG, HBA 25 259k 5 7E 25~200 pmol/L i , 4 i 77 1 3
Jo W 3 AR (P>0.05) , 43 %l Sk (103.70 +4.68)%
(99.05+3.66)% . (99.39 +5.19)% . (94.50 £ 2.12)% ; %4
25U R 400 wmol/L B, 4 A7 R [(90.49 + 2.58) %]
BETFH(P<0.05), ] UL HBA 45 253 B 7E 25,50, 100
pmol/L i X6 20 MG SR 52 M A/ N ek % iRV BE R T
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2.5.2 HBA X} OGD/R #i{i HT22 it T- R 552
AOSZI OB KA HT22 4270 T 6 FLA , 40
B R 6.4 X 10'4~/mL, BEFL 2 mL, B 4I 43 A %o BE A A5
HUZ | FHAEXS B2 (RGE 722 100 wmol/LM™) A [R] e i
HBA(25.50,100 pmol/L) 4 , B4 % H 32 AL, I &
1 e e A A T 2 L O BB A v 1 5 2 4 i A7) &
$ept ) LDH BN ) . HBA 415 [ 4H 40 A & 4
LA BE 2 8 A B R W R ZE N A SE B R L, 24
hJe X B B 4R e o8 4 b 3R 3k RS AU A 10
mmol/L % 5 B2 41 (Na,S.0., i ] 41 it Bl 42075 57
B JE R R 75 A FRAN D 2 h 14T SO R 2, B I T e
“ DMEM 7 5 3% 77 42 480 2 h 7 57 OGD/R 4 JfI #5580
S L BE T 22 0 AG DU AR 4 LDH 6 0528 50 &350 B 4548
FRACF 490 nm P KRR A, A AL T3 4 A
2% (% ) = (Awsn —Awman )/ (A swrowsrn —Awma ) X
100% . 7 52 gk A v (o A3 fol B L 558 4% 4 HT 22
AL ATE S AR IR o 4550 s  BALLL 4 st T %
3 (16.66 + 1.57) %, FEXT FEZH AN [R] ¥ HBA(25.,50
100 pmol/L) ZH %) 40 g 8 1~ 2 1t IR LRI 4 (P<
0.05) , 3 5 B AR , 40 B8 T2 R 40 1) by (3.34 &
0.29)% . (12.79+057)% . (10.22+0.17)% . (4.39 +
0.24)% , H: 100 wmol/L HBA {9 1 F et . 4l
BN E] A i  ASERILE B B A0 M 40 4, A 2
I M FEESR s SRR LA, HBA 4 AN TR 2545
B B AR

R EE

E. HBA 50 umol/L 41 F. HBA 100 ol/L 2

4 HBA Xt OGD/R {5 HT22 AR 75 2B B 34
& (x400)

2.5.3  HBA X OGD/R #i14i HT22 4 fifi ATP . ROS /K-

RO 22527 W F vk A T AN M A 4 S AR B, A

BN AL. ARG & UL A5, 2 ATP . ROS 7KF-,
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i T BEATRAN T30 & I 1K 488 nm . & 5 i 1K 525 nm 4b K6
W, 25 R o, 5% B A He , AR 40 40 g v ATP 7K
i BRI CROS 7K F 1 35 T+ 55 (P<<0.05) ; 5 A7 2 AH
EE , BEH: X R ZH A [) v i HBA 4 ATP ZKF (B HBA
25 wmol/L 4H4M) ¥4 i Tt 5 \ROS /K V-3 i EFHR#IL (P<
0.05), 4R IF4,

R4 BAMEATP ROSKFELLE (x+5,n=5)

45 ATP ROS ik ATP ROS
TR 28899613894 2931002 || HBA2SpmolL#l 113991£3091  8.98+0.12°
fiRI 115843 £2410° 10202033 || HBASO pmollL4L 1819395081 8.23+0.09"
PRERTRA 15541411992 3724007 || HBAIOO pmolL# 14253741742 622008

a: X HAZAAR L, P<<0.05;b: S H AR L, P<<0.05
2.5.4 HBA X} OGD/R )i HT22 4 it 2 ki AR Th g i 52
W 4%2.5.27 R iR T AN o A S AL B A
5ANE L. 20 MPTP K177 &8 F U PH A3 484 , il
FHBARA AR eI K 494 nm & SHEUE K 517 nm i
ARSI, PEAG MPTP JFJCRR B, 2€ Sl o, T i Re ik
o SRR 213750 F 5 A MMP, 455 WoR |, 5%t
HEZER L, 575 26 41 i v MIMIP 7K F- 5 S [ I, MPTP FF
TR i AR K (P<<0.05) 5 SHRIAIAR L, PHAE XS BE 21
FUAS R B HBA 20 MMP /K- g 3 T 57, MPTP J iU 2
B (B HBA25 pmol/L 414k i ZEFFAIK (P<0.05) . 454
W5,

x5 KAMFIMMP MPTPLLE (x+5,n=5)

4151 MMP MPTPIGERE || AL MMP MPTPFELE

hopei 14824050 258441303 || HBA2SpmolL4l  522£008 13981054

oA 3601006 127841033 || HBASO pmolL4L 960025  169.4+440°

R 10952022 2254%1392 || HBALOOpmolL# 10404021 194241543
a: SRHIRZAAR L, P<<0.05;b: ST AR L, P<0.05

3 1tig
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