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Effects of malondialdehyde on spatial learning, memory, and ultra-
microstructure of the hippocampal CA1 area of SD rats”
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Abstract The damaging effects of malondialdehyde ( MDA on the spatial learning and memory capability of SD rats were
investigated by using the Morris water-maze and transmission electron microscope (TEM) techniques. Lateral cerebral ventricular
injection of MDA was found to significantly prolong the escape latency of rats during place navigation. The incidence (n/120 s) of
crossing the area where the platform had been located on previous trials was reduced in the spatial probe test. The TEM study
showed that mitochondria of neurons were deformed and their cristae disappeared in the hippocampal CAl area. Our data
demonstrate that relatively high concentrations of MDA may reduce spatial learning and memory capability and damage neurons in
the hippocampal CAl area of rats [ Acta Zoologica Sinica 53 (6): 1041 - 1047, 2007].
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and Schaur, 2000: Siems et al., 1998; Davies, 2000) -
2 S B P AN R R T AN DR e o) 50 49 4 oA 1) %A
MG E (OIRALD #ATEEE (Yin, 19965
Yin and Chen, 2005; Stadtman, 2006; Stadtman et
al.» 1992; Traverso et al., 2004), & X} fif 28 41 Jid
MAZL P EE, W EmEEE (AR, o3t
A tau 8 B A R ILPE SO FAEH], B
B A AR B R G, R IER
hfig. XU E RS W7 TCIE LA B )3 K
B EE AR, IR P ECEAFRAT M ROR
AHIC ) #9522 (Yin and Chen, 2005; Gregory et
al.» 2006; Laferla and Oddo, 2005

AWTUERY], MR TG T80 2 s
JUHH I T, K OR B AIK & T IH 66 % 7 1l 1) 3 1k
(Bruce-Keller et al., 1998). Hittn] AHEN P —
HATRUIER, mBeheh & oM oise i e, o«
ASPRZE TCAN L D e B S R, S22 T A i Y
EHDfe. A Y R0 fh 22 70 4 i o e 2 1 ik
YER AT SRA, SR oAl i g T, R4k
TR R KM 27 2] i 12 fig 77 I B 45 A 2] (Yin,
19965 ZF[EME, 2004).

I HALAZ R G m R e . 5 ) 2 HR N3]
YIRRAF AN PR A2 1, a2 2 P 3RS 1K %0
PUEAERI I ph 2 B o AR, U= R R
S R IR 2= ) AR AZ M 2 B (Butterfield et
al., 2001) 0 AR50 8 A O i 5 v 5 AN [R) ok 2 (A
T, FH Morris ZK 2R E RN E KB IR) A ) 27 2 042
JKF (D’Hooge and De-Deyn, 2001): X Hi T 5
CA1 XBIA K 523 ()2 20 % UIAH O, HeR M %
S K BT Al X E ol i, BF I 4R
AT T K PR A 45 4 FH A HEHLEE . (Huang and
Kandel, 2006: Rossato et al., 2006).

1 MRS

1.1 s oAl

=R EEYE SD K W B W R A R B S
TFEpT . 43 HORBBENL A 5 41, Hrd 200 mmol/L
WAL BEZE 10 2, 20 mmol/L A AL A 10
M, 2 mmol/L N = AbBRZH 10 2, A3 Eh KO0 Y
410 X, FEXRA 3 2 (KA A8 K4,
A AR NI AR RS %D . FARE
2R A5 RGN AE, 5 fE R A K BRI R o) il
Az 200 mmol/L N AL FEZH 9 K, 20 mmol/L. N
TR 7 R, 2 mmol/L TN AN FEA] 8 L, AE

BEER AL 7 K, AEXTHA 3 H.
1.2 A

DU H A 2 9 %8 (1, 1, 3, 3-tetramethoxy-
propane, TMP, &) H i -t Fluka 2 7)) & H 24
(AU > 99.0%, M H E 254 B 40 2 Wl ) A R 2
A E 4K Milli-Q RS 44 (Millipore China
Limited), HL-F% > 18.2 MQ.cm. H &34 % Mk
7l

I TMP 337.8 pds A 1 mol/L ) HCI 2 ml, 78
SRESY, T 40°CKHE 2.5 min (K i I TR) 38 Ik 79 5
Wah Rt ), B G E kKt H 6 mol/L 1
NaOH 27 0.4 ml ¥ 153 pH 2 7.4, &G H 1 mol/L
pH 7.4 MR E P (PBS) EAF] 10 ml, #25].
1 200 mmol/L N % 0.5 ml, F 1 mol/L pH 7.4 [¥]
PBS Mk 42 5 ml, BCHIEE 20 mmol/L 4 8 X 200
mmol/L N 1% 0.05 ml, H 1 mol/L pH 7.4 [¥] PBS i
B4 5 ml, FCHI% 2.0 mmol/L N 1.

B 300 mg [ EE Z AR #E T 5 ml 8 207K e
% 60 mg/ml [ L EE 284
1.3 (Ul

YLV C BB W) 0 ST AR e AL A C b il 3Rk A
YIRS PR A A A7), Mormis KK (R K%
WHHE R 2% Bt B — PR Bt 32 1), Jem-1230 284375 5 HL i
(HA, JEOL A#AF).
1.4 J7k
1.4.1 MK EFS (Sharma and Gupta, 2002)

¥ SD KRB S I EL L 28 (60 mg/kg) R
W, e TS AR e A A b, R E A B )
SKESAEARIIR, T A KA TR K e Rk
HOHBUR N R, DITF P HE L AR AT 2 0.5 em
kB2, VDT BE, 850 X. H 3% 144k
SRR, RIRGE M RORGE B R AR . AR K
5L B 3% (Paxinos and Watson, 1986) fiffi & fill fixi %
CHFXIIA 5 1.2 mm, W 225597 1.3 mm, PR RIHT
3.0 mm) 7. H SR ENAE MR B b5 P AR Y
HALTE 1 /ML (FLARZ 2 mm), K — ANEE L5
(HAA290.9mm) ETWEN. 546, ey B
N3 AAEI MR (BHARZ) 1.8 mm), HFFRIK
VKB F/NR 22 — I e T b, PR DR
EIEEME . FARFIEREWE 7 K, IFLE S I E
FERIWIE 0.2 ml 80 J7 HAZ K75 R LABT &G 4
2 I F ARV S SR RIS gl A B R 7K BOAN [F) R 2 1)
W I KR Sk e AR S AR E AL L, A
HARUE J7 07 I B A Sk W BH A 2B i N i =, A
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5 min— 10 min W58, &4l i ) 35 ¥ &
10 min/5 MR B AR, AP R IE. M
RES—IR, BB 7 WEiRE 1 . AR
Y1 MASRATART b 2

1.4.2  Morris KK E XK (Morris, 1984)

KK E N EH A2 130 ems #4150 em OB K i,
K 30 ems JKILOR$F 26°C + 1°C, /KII¥)5) 75 5
— 2 R/MEL R DR R . T RE EARA AR e
b4 AN, TR K A NFBR, (B
— G BRIE P B EE 33 em AT AN EAN 9 emy
29 em METEZE &, FETUKT/KE 1 em. %
B LT B, FRE i KRS g . Y%k
BN R H AN S IR A

FERHUAT K (Place navigation) H 17l & X
BT 7K R B 2 )R AZ I e . SERR I 5 R, 2R
—RAEKER A B 2 min, - MNGHEHR)E,
T VK I EE DLV BRI B2 s B R, R
Wk 4 I, IZRIBEHLIERE— DA, KRR
) BE N K Y, SR Il sk B R B IE |-
B B BT R IR Gl AR 0D R i vk
o 4 AN ZRR B3 ) AN TR I K ROANK, - T 2R
KERAE 120 s WARKRBIF G, kLTI 2 FamH
30 so IXIYERINILA 120 s, FEXUIZRTAIBE 30 min
Pl ks

TR ZR L (Spatial probe test) T & K
B 2E o S B Ja X & 2 WA B D2 RE ST . R
TR RIS 5 IRV &, REATIE—A
NI SR R BRUTHT g b B SN K R, BILEAE 120 s Y
10 SR B vk e B A B s I A b, dsk
16120 s NS I 4 5 B 5 AH I A 3 0 I8 &%
BB Ay L Il s K BRUAE 120 s WA R 1)
LR
1.4.3  HLBIAE )%

HU AL BRI FRAT R B & 3 L, BRRIE S, #iT
P, TV ) PRI ON 4% 2 5 I e v, LRI
BORE ZE g 5 A1 X CF AR BOIR 4R 7K ) 2
mmx 2 mm x5 mm, [8E T 4% % FH T 2
W AT B AR AL I S BRSO (B, B AR AR
HIE 2 KA, FESRAR N e A N g A B I
BEHLIAEE 80 000 £ Tl o
1.5 HlRibs

B Bl UL BRI bR UE 2 (Means = SD) B AR
FERH (CV=s/x) Fom: @A MAT IS 12k By
I FEE I 22 0T 5L Log (XD 24 J5 >R DPS2000 4t

A IEAT Two-factor ANOVA 73 HT: X RHR R LK
R EE G IRECE A AES B 40T Wilcoxon FRAIKE L .

2 4 R

2.1 Morris /KK F {56
2.1.1 EANUAT IR

H4 34 H S KECRH 5 A FAREE . 1%k 5 R
21 K, RIFIRUGEEIR 714 N (n =34 x21 =714,
AL msde H o? REBVENT S A6 B BEAT U 10
Ko, KIEIEAFF G IES AR, B ZE5S P
V7 BOEEE o R J 46 Bl HEAT X B Tog (5) A2
WS AIEA A N (4.76, 0.39), K H Bartlett
test AT 7 ZE5F ARG 50, A Ab BRI 7 Z2 8855 [ b3
(A) [ i, = —3.2902: KRHE (B) []: 47, =
-5.9551; n=7141, H&TTENHFAM K5
FiALER . Y%k 5 R\ REBEBAR I, Wi 1.

M1 AT LLUE B YIZRI AR, AN
Aab T ZH 3 T s ARV PR IS TR v e, AHL 3 AN [R) R FE (1)
PR A T2 P 36 B R S 0 R PR A A L 2 0
A BN A PR R KON B TN 2%, H = PAS [ FE (1)
PR T A B 36 s K T A o A B R
PREERZOT BT o 3 15 W00 o = 3 5 T — B XF SD oK
S 11 6 s v AR AT s e, LI 55 ) o 45 T [ ) S
ISOYIE

TR, 5FOARRIMLIEZ 0] (F, 4 =
22.9972) LA AR N % KR ZH (F, g =
26.7413) 1) 3 95 AR U 2 S 380K B AR K
(P<0.01); ACFEESYNZRR 2 18] IAS H 5% 0§
F (Floa =48.7234; P <0.01),

H AN 7] A 38 21 2 T e o o s AR 00 - 3 B8R
Duncan ¥ 353472 HILE, A 2.0 mmol/L. A
20 mmol/L VA 1 Ab #3201 (1) 16k v AR 0 B 1, 40 Al
H92.6 s F190.5 s A= B E K 6] i ZH RN 2 1 6] 20
R, A 65.3 s F165.6 s3 200 mmol/L T 1
AEPRZH Ky 82.1 s (b Tk s AR U e 5 13 I 72 i) 2% >J i
1768 77 858D

SN R T T A ER A o R IR
PR AR ISP S8 B L A, IR R R AEG 1) v 4 ) A 22
27.1sv 25.0s F116.5 s, SABEERACH 4L LLi oy
WAZE 27.4 s+ 25.3 s A1 16.8 s, % F ¥ AT &
FARF s = ANAS[RIA BE IR P W AR B A 2 TR] A K
N R 5 A B R KON FRAH 2 TR) ) 22 e AN
*.

ENGINE SN O bS53 RS i S S
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—a— 2.0 mmol/L § & (2.0 mmol/L MDA)
— —x-— 20 mmol/L § & (20 mmol/L MDA)
140 --og -+ 200 mmol/L P§ 8 (200 mmol/L MDA)

120 - 2
% 100
5
=
g 80 -
S
=
=

40 -
&
b,

20 -

0 ! I

- o - FHXE4 (Control)
- w-— EEHKA (Physiological saline)

YIZR K%L (Training days) (d)

Bl1 A AR EE SD K BRTE 7KK B SE AL TAT BR800k 2 i AR CGRBBRRE AR Bl R B AR 1k
KH Two-factor ANOVA 7347, ANFIALHLN] Fy g =22.99725 ANFEWZRE LN Fy 0 = 26.74135 L HIEM Fig 00 = 48.7234;

n =714

Fig.1 The escape latency of MDA treated SD rats during place navigation in the Morris water-maze test
Two-factor ANOVA, treated groups Fy,e0 =22.9972; training days Fjy, 30 = 26.7413; interaction Fg,680 =48.7234; n="714.

—REHIWR (d=19.8s) FHKR (d=32.2s)
LR REHEHR (d=19.6 s) M2 EE
(d >1SRyys P<0.01); H—REH =K (d=
16.3s). BB -KR (d=12.6 ) UUKF = REHH
RKd=159s) MERLEZE (d>ISRys P<
0.09; HRKERZMMERBIALZE (4 <
ISRy ss P> 0.05). X3 B fix = 3 5 0 — & )
SD K R 11 106 Tk v AR U1 11 5 A S 25, AN )R B 1)
A A PRV AR TP S B TR R AN R,
P W 4 5 A T R K A AT 25 50 o

AN TR) YN 5 R K 2z T P 36 e v AR 1~ 3 5 L A
BEE VIR R BB 0, HEEB AR I #i 4 . XAk
T RKEXK T BB T4 — AN 2l
L. 2 B LRI 45 A U I R A FH i I
(1) 52 I8 TR (1) S PR
2.1.2 AHHERRE

¥ 34 2L SD K FE FOMAS [A) b 21 5 3047 2% TR 4R
ZIAG, fRRAE 120 s WIS G AR50

K2,
M 2 rTCUE H, AP EE K BRUAE 120 s WY
M G IRBUISE L5k AP AKX I e,

4.14 K 20 mmol/L. N — 1% Ab P 2H £ AIK, I 2.00

W HARSMIEKIKR R : AN A 3.67 K 2.0
mmol/L A — AL BEZH 3.38 ;200 mmol/L N — 1%
AEEA 2.33 IR

2 Wilcoxon FRAIAE S (& 20, A B EE /K%
AR A Z M) 2R RIEFNREFKFE (o=
-0.3419, P>0.05); —/NAN[RI B A T8 — 1 A B
Y1525 (0 B4 ml A P R KW B 2 TR IR e, A
2.0 mmol/L | 200 mmol/L ¥ 5 i [l P Bl A5 A — 8
W T w IR (52 AL o 182
90.3062+ 0.7977 F10.9245; 5HABEER /KN A4 L
w H M4 0.6365+ 1.3416 #1 1.3761), {HZE 7
RIEF) B ZIKF (P>0.05),

¥ 34 2 SD KR A R ZAE T 120 s K
T S B vy B 1] B) R P38 B0 AT A, 73 1 3 P
iR,

M3 ] DA, RN AS [ A 31 K BT 25
Z RV B I ) A F o 48 Two-factor ANOVA 23 #T,
A B 28] 1R 5w ak B S K (R, =
61.198, P <0.01). 5 RESTERY, FHXN K
IR R A (CV) dK (8 S 3 2508K 15 W 6
K6 AL E IR HER D, N 26.33%; 4B
AKX A5 2.0 mmol/L N AL BELL AR 5 R



6 3 MR 45 T WX K U 27 2 id ML e ) Bife 1y CA X AS F4) 1) e 1045
N 1=
z PR, A L 5% P13 AL L
2 (Sa]iﬁ;‘;s (vs control) (vs control)
z >com;rol) 4=0.3062 u=0.9245
= 30 —03419  SETLEALA A K
E 451t -[ (vs saline) (vs saline)
- w=0.6365 Lizz i, u=1.3761
] %_ 3'5 (vs control)
— o 35 u=0.7977
XE 500 Y 57 B ok 40 L
e %D 3.0 N‘\ \\ (vs saline)
ﬁ 7 251 u=1.3416 1
@5 20r N
w S 1S5t R
€ 10t
=1
3 05
£
ié/ La=poyiil HFEERIK 2.0mmol/L. 20 mmol/L 200 mmol/L
(Control)  (Physiological [t [t W
saline) (MDA) (MDA) (MDA)

B2 AR B R R (R 2R o & OB 5

T B AR AT 22 5 HERI Wilcoxon BRRTKISE ¢ wpps =1.645: 2 Tul < 16451, P>0.05: n =34
Fig.2 The incidence of crossing the platform position of MDA treated rats in spatial probe trials
Since the data can not use ANOVA, the Wilcoxon rank-sum test was used instead. wug s =1.645: If lul <1.645, then P >0.05; n=34.

50 FCV=0.2633 “ 5
45 1 Il

40 p CV=0.1346

{EEAFIE] (Time) (s)
[\=]
o

K
(Physiological
saline)

FEX R
(Control)

H—%Z MR (First quadrant)

OF %M (Second quadrant)
@B =% (Third quadrant)
@ V%M (Foruth quadrant)

CV=0.1461

CVv=0.0710

73
(MDA)

[
(MDA)

B3 AN [ P A S R PR K A 2 1] R 28 R o DY A 5 IR B T f) B A

KH Two-factor ANOVA 7387, ACFRI]: F, .0 =61.198, P<0.01; n=34.

Fig.3 Comparison of the navigation period of MDA treated rats in four quadrants during the spatial probe test
Using Two-factor ANOVA, between treated groups: Fjy,0 =61.198, P <0.01; n=34.

Bt o, 2k 13.46% A1 14.61%; 1 —Fh
AN TR JE (1 TR T A B 20 ) A% S R BB A T IR
FEE () FF e T A, P 20 mmol/L TR i Ab 3
MM 7.10%, 200 mmol/L N —BEALFEZ N 3.94% .
HHE 2 9 20 mmol/L A AT 200 mmol/L N % 5%
M 7K BN 7K N S & BT e S RIS e ic 42, 1 2.0
mmol/L A K52 W AN, PRI T — e Ik B
WA o

2.2 HBIWE

3 FUOG ALK BRI CAL X 28 o Al i R 4
VISMRIETE , SebifRs g mrnl #F (B 4A), 19 X
ANFERFERA A (n=3) KERED CAl
DX 22 TN M PN A 350 26 R AR AT AN TR R B T AR T
IS AR K (B 4B €. D), HIA R HE
WEEBR ST, SRR I AR, A BEATLH 5511
36 KBTI e g B BRI S B AN [R]
RPE T 1 0 K B 5 CAT DX R 28 70 4l i o
T R .
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02 pm

Pl g T REAL PR UK ) CATL X AR 0 40 L2 S HUBE L ( < 80 0000 (n=3)

A: AL, B: 2.0 mmol/L A HE4l. C: 20 mmol/L P9 4L, D: 200 mmol/L A 4L, kP b A Lhifk

Fig.4 The transmission electron microscope photos of hippocampus CA1 area of MDA treated rats ( x 80 0000 (n=3)
A: Control group. B: 2.0 mmol/LL MDA group. C: 20 mmol/L MDA group. D: 200 mmol/L MDA group. Mitochondria are indicated with arrows.

3 i ®

NG 2 5 0 RS RS SD oK B E A7 AT g
B CED RGeS (K2, K3 R, R
AN VR 28 ) A 400 i ) B0k ik 2 A1 A'F JH PTE 4 5% i)
SD K BRI A4 28 0 40 Ji B AE HE D RE . 20 AL
BIPRS00 TR ZH 4 3 B8 22 (RIS ) 2 25 - R0l
K FF&, A R ] BEXT A B A 28 70
R T

HUBE SRS AN [ 5 110 T — T Ak LA K B
HEy CAL XM To L 2 KA AR T . I 2k (K
4B+ C- D), MBS0 ELENIE T Morris /K3
B (Morris, 1984) HJUEG 45 5, 3R W] X
2870 R I8 R B AL AN AT R (R s, T TR
B ) 27 T A2 BE ) B BRI

Bk 2 19T K B (Rofina et al., 2004;
Butterfield et al.,» 2006; Williams et al., 2006), L%
LEANA CAE Tl 4 Sl Al R B WS Nz B S S: R =N D)
s BV AT AE R AR ER (R A
JEEEHE LA S RFSLAN Wb X B4 44 P9 1 %5 AN 2 21
aE CERRMAHZD HATH, WIERE RS

WA R AR A . IR (R S ok
AHUATE BRI B R PE S (Yin, 19960, XA
405 55 B R A S A 11 i 8 S e 3k ) 3 ol o 4
IBATPESNT LA K 5 e B AR AT I AL o Xl
AR A By b2 ) O 28 27 B A% O 2
(Yin and Chen, 2005). AT U00A, 1E 056
SACHAR G AZ O AEAC R SO, Bl B 0 A A
RAGTE B, AL P18 A RV 9 24 1R G B AR AL 3R
R, MR R X T IX SR B (3 BR AR T BE
rhORCRR 48 2R GE K A (R A BT e 1 S AN AR AL
e PR FNS P2 A M AL b SR BT,
B (AR oL H . tau S I IL
PR T, B2 M 2 A OG0 B BUR &
Yy, AL BEARIER DR, WYMo 53 EHK
R 22 SR AT I 5 s 1 B B DY (4= [ ARAE, 2004
Yin and Chen, 20050 A IHF 5 1 45 5 — />l it
SR SRR T JRATIEE H 1 50 T Bl ke B s 2L 1Y)
AR 7 01 A Tl e I YR 3 28 R 2 A IR AT 1
PRI “RIRR B AA R o XA W] H Bk
KR (A 8 BHAZ SR MM A IR 2
Joili A H R SRR A S Y .
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B AW SRR, 00 = I
AGHE SD KBS 0] 27 I i A2 e I AR, I REIE K
KBSy CAT DX A8 T 4i i A 2 b A4 A2 TE A — 5
REPE BT o 3 32 25t DR TS AL N B 1
()0 PN I 3 1 e 28 70 R A S 4 i 40 73 1 SR A
Vet o ARG E LR B3R T HRFE NS
ZRARAT PR (K A AT DN R X 3h ) 5 1 1L g
PALOE LR IRAE
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