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Abstract: As a useful physiological index for over trained or exercise-induced fatigue, there were kinds of
biological toxicity of malondialdehyde (MDA) produced in the process of lipid peroxidation. In this investiga-
tion, in order to observe the effects of MDA on the damages of hippocampal neuronal shapes and ultra-struc-
ture, and examine the calcium homeostasis in primary culture neurons, the microscope and transmission
electronic microscope were applied for observing the changes of shapes and the transforms of ultra-struc-
tures, and also, the fluorospectrophotometer was used to determine the concentration of cytosolic free calci-
um in the system of primary culture hippocampal neurons of SD rats. The microphotographic study clearly
demonstrated that the hippocampal neurons became gradually damaged following exposure to different con-
centrations of MDA. And also, the ultra-structures were observed that the architectures of mitochondria were
deformed and their cristae were decreased or disappeared with the increasing of MDA concentration. Further
study indicated that the plasma membrance Ca*-ATPase (PMCA) activity was inhibited by MDA in a con-
centration (1.0~1 000 pmol/L) and time (30 min) dependent manner, hence, induced to damage the calcium

homeostasis in primary culture hippocampal neurons. It was hinted that MDA was one of the important ele-
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ments induced to exercise-induced fatigue by damaging the structures of hippocampal neuron and distur-

bance of Ca* homeostasis.
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TMP(1, 1, 3, 3-PUH FE P LE) . HEPES 2% M
Fur-2/AM , HBSS 28 b3 . A= M35 . AR Y
[lANE] Sigma A H], lowery B A A
Pierce /A A, Ca?-ATPase i P40 5 7] &5 ) B 7
TN A Y TR\ 5] . Neurobasal medium., B-27
lARE| Invitrogen N, Krebs B A B i
FI H _FAE T A TR W MDA B3 1) e il
i B Kikugawa S0 J5 2 8547, BIHC 0.845 mL
TMP, /il A 2 mL 1.0 mol/L HCI, 40 C/KI&VE
2.5 min, £/ 6.0 mol/L AJ NaOH J&77 & pH 7.4,
FH 0.1 mol/L pH 7.4 WIS RRZZ Ml E 45 % 50 mL,
35 1 mol/L B MDA. it i A 1 ¢ B8 S 56 R
FHBA 1R 2 o s B A oy VA . R IR S 3 T
MDA #B A i e, 2o 9 ok T i .

F B A B S X L A5 (Jem 1200
R, HA JEOL 24 #]), 26 0BT (LS50 Y,
E[H PE 23 H)).
1.2 BESHETERES
Hut. BUBT A 2~4 d SD KR, A CO, R L i
i T 3 B DR e A S T A AR K
Fh o i SUNET ] TR i T 2 4. T I ph 28 T 1Y iR
fREE IR 7T VEFR IR Brewer S50 I b4 7. BB 4R
) SD KERF CO, IR s fife 1) 0 85 K,
Rk 30 B TR A 5 A K ) 28— v 30 85 M B 1
B, 43 B ORI TR i Hy, FH bR 22 ol gk
TG, 45608 DAL A G A 0.03%11 i
fifi Y HBSS 2% b & 37 °C.5 % CO, FiF= 4
THAL 15 min J5, AR A 28 L2 iR 155
FEARH I IMATIE TR (Y 5% R4 135, 2% B27,
0.5 mmol/L 7 i BEMEZ, 25 wmol/L 4 & 12, 50 U/
mL 8 K, 50 mg/L FEFRK). AL AL FR A T
204 h 5, EHTCME R RS 0.5 mmol/L 5
Wk, 2% B27, 50 U/mL 5 % &, 50 me/L 5555
.M EiREE SR AR 2 I, BRI 1/3 B 5%
L MR IT SRR 10 d SR .
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1.0.10.100.1 000 wmol/L MDA £ 15 & 13 5
SD KF 10 d J5(FK 1K), RECEAR ks g4k
B DA 2, 8 T 3% 2 3 R [ b . kE
i 228 TR RS FEE 7K, FRSER BB A, 60 °C(36 h)kE
VLS f5, AR AL, TE . 175
AT, B AR AR 5 TR, 5K
W A2 B A5 Oy 1 88 ) I FEALAA SR 80 000 £
B
14 MEITHRERMNH &

¥4 B8 Michaelis S5 SR ALAG 5 vk 3577, Wik Ab
FEBHR SD KEUR, PRk 7525 1 K BRI i 47,
K59 BIARAT il Th 2 20 F T A B e A 1
DRI ) 285 DRt 2 B A TR T 2 2. T
SEVE I R KA BOTEE Th 2 2 v 2 o st T
Wt e Sh 2 LS. 8 e s i el
ZUINAVKE 1) 10 AR S K % oh il & F ok
t, HLE14T5. (10 000 r/min)dF2E 20 s, [A]FE 1 min,
HHE 3. SR SR TRE DAL DL 4 C,
1 000 g #5.0> 10 min, FE B.O—KIGHIFIRE 2
U O B VST FRR L 30 000 g .0 30 min,
F2 13 FEDCIE A TA 20 FHARFMR B Z% op
W R IR A F kA b ## & 3~5 h )5, DL 30 000 ¢
B0 30 min Ji5, WCAETTIE A £ 1 28 fil Rk 7
G . W P SR Al B A A Lowry YA
FE, FRATRE A SRR R 2 oL, M EET 70
CIRAEE .
1.5 #Z5TRER Ca*ATPase PCMA)EMHHITIE

iz 1Ty R B0 S 2ot SR S, I
& AN[F R FRZH TS Ca2~ATPase T 1k, W5 Jr it
R S Ul B A5 A 7
1.6 MHATTHRRFE Ca*KERNE

TR 2N IR S Ca®(Ca®], )HR FE AT
Ph Fura-2/AM SB956H8 7R 7, R LS-50 %641
SECEETHHA T . AR KGR 1 Eh 22 00(0 R
(3~6)x10%mL) £ 7F7E Krebs 55 I W, A S
pwmol/L Fura-2/AM ‘& F 37 CHIKIE 30 min, F-H
Krebs 5 72 R 455 35 1 40 L LA 5 Bk Fura-2/AM.
20 B A e L P 43 S HE ORI K 340 nm
380 nm, &K 510 nm PEFFEEME . K
[Ca®], ¥ BN TR A A A FHaRue 7

digitonin A i 24 i R 75 M fif 2B ekt 5
T Ca®FIZNMEAN G Ca®(FHAS B 1245 EGTA
AL FEE Y L2

B: KK 380 nm HEANIE Ca® AT Ca®* i
(A BER L 26 s

K Fura-2/Ca>&2 & W)W 250 B, FEARSEIG
AR, BUE R 224 nmol/L.

2 % R

2.1 MDA XMEFHEDHMETHESEHNZE I

A2 10 d AR FE)E, ER TR
H1 3 A MDA, f8i1A& & th MDA ¥ B 43 513k 5]
1.0.10.100.1 000 wmol/L, 3 h J& Mg HAE %
MEE IEA AN E 1 PR,

Bt B2 LA Bl MDA HeBE i T, P
TG i VA 58328 0 A8 R, A 28 T ML AR AR 5 I ik
S A% [ 47 B S AT 2, 200 RO B ) 30 5t AR 45
TR R AN W, T2 BT AR A MR A, R
T O A A LR T B B AU T (T S ARAE .
2.2 MDA XiES#HEZ TERMEHR M

FEH R T, 25 AN IR ph o0 i 7 2%
TR, HEANAZ R B, A2 e e B b,
R AR, XU A% B ¥ AT 1) A% ] Bt JH 5 B2 345
T A S s LT PR A AR A P JBE ) sy 0 i AT
SRR, bR R SR Y, ISR 2 M . B
1.0 pmol/L. MDA #b 321 #1545 44 A8 AL AN B {2 A,
HARK A2 MDA Zb35 KB 2 e A% A8 e,
R ZRVR, AR OTY Z | AL
BREBOI AT, A AR S5 F T 2% 5 240 A #8 ak /D 5
AT, BERE AN ; 2 (A S SR I ik U D/ B
TH IS RGN B R T L.

2.3 MDA X Rft/RHE Ca*-ATPase (PMCA)&
E3:apA

TEDE PMCA V& PERT, BEEMA T 1.0 wmol/L
T P RN PR | Ca>-ATPase 15 1E% —
TR, 2800 X AR R T Ca®*-ATPase 1 7
N AT S (R DG 8 0 2 B AR E 18 SR s
$EAL), FREAPT E545 B 0 H ph 28T B 43 25 4
RN Ca>-ATPase FTi5 4L,

T FIT ] £ P8 VA 5 A 222 0 2 i 5 43 S0 A
1.0.100.1 000 wmol/L, ¥ & ) MDA, F-7£ 0.5.
10.15.20.25.30 min B8] &5 5000 4% B W HoAk
ZH PMCA RTEPE. M g5 SR e 3 i,

Bifi 5 MDA ¥ B 1) 7 v AR FH B ) ) JE 4
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Control! 1 pmol/L. MDA

10 pmol/L. MDA 100 pumol/L. MDA - 1000 wmol/LL MDA

B 1 ARERIRE MDA SHEREFFIHETHSHZE

Fig.1 The morphological alterations of hippocampal neuronal cultures affected by different concentration of MDA
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2 A[ERE MDA Ef SD XRIES XA TBMEHRE
FRPTAE AL RAR. (A) = QTR 20 P AR P9 SR IBESE A A B T L, TS ARALI Sy ) A B T SRATAR, 5 Mk ] 49 R
2 UEERLEM T B) 1.0 wmol/L MDA 42240, FAR LML = & xR, Z A ZEA; (C) 10 pwmol/L MDA 422
W, AR IR, AR B RMCE R, L NIREH U F R FHG (D) 100 wmol/L MDA 42248, &4tk W SMEELE M R
FH BABARE NI B RFU, TR A RSSO, B EELSMRAW T, (E) 1000 wmol/L
MDA #3240, 5 284840, T VAA 2] 8 R 69 Lok k6 5145, 20 B0 58 Ak A RS e S5 BE 28] 64 3 LR A

Fig.2 The ultra structural alterations of hippocampal neuron affected by different concentration of MDA

Arrows for mitochondria. (A) Control, the outside membrane of mitochondria was clear, the shapes were round or oval, the links
between the synapses were close and structural integrity; (B) Treatment with 1.0 pwmol/L. MDA, there was no significant
difference in ultra structure; (C) Treatment with 10 pmol/. MDA, the mitochondria were a little swollen, the cristae of
mitochondria in inside membrane were unclear and disappeared partly; (D) Treatment with 100 pmol/. MDA, the structures of
mitochondria inside membrane were imperfect, the links between synapse were not so close, there were significant impairment of
the mitochondria; (E) Treatment with 1 000 wmol/LL MDA, it was seem that there were more distinct impairment of mitochondria

compared with the group D.
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PMCA (& PEA KT T R, 78 30 min (97E FHAE] AL,
24 MDA fHEJE N 1.0 wmol/L AT 10 wmol/L B, Xif
PMCA Y& PRS2 00 EL A /N ; 2 MDA Bk 32 35 5
100 wmol/L Bf, 4B E] M 5 min FFERFEAE B 3%
M1 PMCA 7%V, {H MDA %A 100 pmol/L F
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TEABIFE T L Fura-2/AM K9 648 R FIBIFGE
MDA X 5% 7% 00 6 5 0 28 00 i 50 7 B Ca iR
M RE IR . FE 35 3% I Hy 22 oo 4 B 1.0,
10.100.1 000 pmol/L ¥ & A9 MDA, fEH 30 min
Je B SEB A5 AN E 4 B,

£ 30 min fEFHETE] A, 24 MDA ¥ R 100
pwmol/L F1 1 000 wmol/L I, B MDA ¥ FE (9 I
o FIAE P B () ) S, T S p 22 DT LB - [Ca?],
W E T 24 MDA MV EEH 1.0.10 wmol/L I,
FLH 5T [ Ca, e AR AL A 2 2. (BAE MDA ¥
FE24 100 wmol/L B, MifSirh [Ca) Fhi Al LASTHy
3AAIEBIBY BE: 76 0~10 min B 302 T 19
1R, 76 10~15 min I B—AE S, 78 15~30
min Hrj‘ﬁtﬂfm*ﬁi%ﬂ%ﬂgﬂﬁi %é,ﬂ;ﬁfniﬂ
LT [ Ca®, B T L AR O R Ca2 T, P
BABMETT [Ca) B E T B M Ca>
FHE.
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1.0

o | Coniol -

- ® | ) Lmol/l MDA ™

= 0.8 & 10 wmol/L, MDA

g ¥ 100 pmol/L MDA
b # 1000 wmol/L MDA

< 067

gI’SS

S 0.4

[} o

E : p oL
=2 e e i :

2 024 4 21 . g1

z —f—— L, ———3

T T T T 1

0O S5 10 15 20 25 30 35

t / min

B4 MDA 3}ig 54T iER[Ca*], RS0
Fig.4 The effects of MDA on homeostasis changes of
plasma membrane [Ca™];
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AWFRY, B3V 55 - N 7 i R 5T
PLEEZE AL 212 BB J1 T R 32 22 i R 2 — 1 ),
T SR 5 R AR EEA NI 5T, NMU5% 1l
TCEEYIRASR, T H 5 iz gl M X 55 10 At 25
YA G, 8 L BR™ER 4 J8 i B I 2l b i ok
BRIz Bl PR 55 1 BB R SR W, % 97 4K BT
NOS B PE R TXF B2, i Bz sl e o5 il fe v,
i S 250 NOS ik B, ¥ 5 NOS fif
SIS T HRRIE SRR 55 A TR B T 254 Y
iR R, SD KL s g5, v 80 5z
TUIE S AR, SR HE Y o n] 52 21 1 1
M ICHESIANEL . 25, 5 5 Bl A 28 o0 0 R 2 U
R % DN e R N W B S A o oY SR T X
Bi T W LA 240 B A% NI, SRR i ik T Bt 3
2. X IR GEM EA2 L S5 1E MDA B4R ]
TR IR AR TR e 28 T AR AL A
I MDA J&5 2 B IS 8 1 A8 AL AR — 3K

MDA & FEREALA i 9y A A e B Al ik
RIS B . R e A I ] B R 202 B
AR, AR B-E AL HERE LI LA 5l
PR, IX 27 A R Y T 2 %R (reactive oxygen
species, ROS), X B8 36 1 48 T o 20 it ot H 19 g s
PR S AFAE AN b B A 20 A B A ANt AR 1D
1R, e FE 2377 4R R ) MDARRTH & 4%
Fi 5 MDA 2L PSR AL 5 4. BT IE By iX
SRR IR FAEA LA AR5 T I AR 23K
R RAMIFGE B, MDA RES 2 MR £
JRAE FH 281, 3 B4 FH AT B8 52 i £ 11 T (M 4544 L2
REECE BOAR LS [IF 420, FE P 22 2R 58, MDA
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(14 32 B 1 FH AN AN 2 5 Wi ft 25388 S 11 4306, 345 1T B
X 22360 O PR3 1k 7 A S .

P TCAIML T [Ca?) RS AR 15 32 2| Z Fl
R 2 A L [RIVEF, A A7 16 T 40 B J5 )
i B ARSI Ca™ 3, WH R TG Ca
W IE Na'/Ca® A I8, 20 it BE A P9 J55 I B 11
Ca**-ATPase, i H & FPRE 5458 145 & &
WES PR SRS 2% vh R PSR, AT LR VR
s 2 oo AE R BARAS T AR FAL [Ca*) RS AR,
ARSI, 75 MDA FERT, 24 oo i
[Ca®], ZKF-TH AR R (AR S K (B 4).
Fh Y AT RE LR 22 — & MDA 4 7 BRI Ca-
ATPase(PMCA)F)7E . 5 PMCA MY RESEAE#
SRS B IR 7 B Ca® 28 ) 40 it 4 M LA 4 it
oz HPAIR[Ca™]. T HLAST H[Ca™], FH s 55 MDA Ay
JE AR PRI AL 7E A DG, W] MDA X PMCA
TEPERAE] (B 3), 518 T 8T i 285 K
&) .

%S0 8 AR £ W A MDA ¥R A 100
wmol/L, YA A 30 min (98 [E] P, FE7E—A4>
H 10 min AR WIMRR [Ca®] FHE IS AEAT 15 min
#) 30 min B BRIATHE LR, $E78 MDA 8511
Vg T b 28 50 M T P [ Ca®), T RT REAEAE S AN
PIALEE, B S 80X A BB [Ca®) FHm )
Ca® F7-7E WA AR (4 S . ) v — AN By B
PR TR CANM N EB A Ca® T2 (N 5 M) BRI 5
— AN B DU o 22 e A A ) B R S B T
T EEI BRI A K 2). Carini FFPIPL ARG
AR R SE B AR, ZEIR R HINA 4-HNE@4-5%
FTIRWE, TR MG B E AL =, 4y F45 5
MDA ZE)J5, WA T FEAF LAY L 50 2h

L5

4 I

AHFFEERFR Y], MDA 7656 B Tl &
B i w AL, 7ER T BT AT S B
(T NibE s K UES ¢ TR 41 ORr i DE (iR Y d o S
AT BT ARE PMCA. T35 44 -5 S5 40 D e i 5 45 7K
PR AIRIR. i A7 X oA A AR S BOL A E R
Slia LGS SRE T 89 R AR DT 19 K A
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