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mRNA KPRkt &, [Fk] FHAER KRN 24, B Smlkg £ 3 35 K 4 F2 Smg/kg 8 1L F H R (MMC ) fe & 41,
He e HA A B E A K04 ANT 4, B PND7, PNDI14, PND28 ## PND60 41, % 4 7d ¥ B %% . % A Morris &2
FRESMARF IR HENEET, ARFRAELE RN MA L REE . F %K - R 484X 75 (RT-PCR) 4
FUY B ZANMDA B 24, 2B, 2C 3, F T B PCR kR ik &R, [4R] AL ETHAALERERALF
KEeERRETHEAP<0.0L), AR EFXI /5, PND28 & Jit 21 24 % PND60 i 41 4 v R & & 01 B 7 Tt B 41( P<0.01 );
Morris K28 F ik 5o 4 R B 77, PND7. PND14 % 5 K Bkt g MR B R A B K T4 EA(P<0.01); PNDI4 %% F4
¥ I Fn i J7H NR2A mRNA 8y 5% 3k 8] B 4K T 2t JE 41 (P <0.05); PNDI14 %% T 41 ¥ & NR2B mRNA % & ¥ B 1K F xt
B4 (P<0.01 ); PND14 % % T 4 ¥ I Fn % i DL % PND28 T 41 % it # NR2C mRNA £ 5 B 8 % T x40 ( P<0.01 ), [ %
w] FRERAHAR L. 2ANKRFIRLAEAAL D H, L5 M4 A NMDA %R 2 T3 mRNA k& & A K.
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Abstract: [ Objective | To study the effects of postnatal exposure to methylmercury on learning, memory and the expression
of N-methyl-D-aspartate (NMDA) receptor mRNA in rats. [ Methods | The rats treated with 5 mg/kg methylmercury chloride
(MMC) were taken as MMC-treated group and those with 5ml./kg sodium chloride solution as control group, by oral for 7 consecutive
days. The MMC-treated group was subdivided by different postnatal periods (PND7, PND14, PND28 and PND60) and tested for
learning and memory with Morris water maze. The concentration of mercury was checked by atomic fluorescence spectrometry
(AFS). Expression of NMDA receptor 2A, 2B and 2C subunits were measured by semi-quantitative reverse transcript polymerase-
chain reaction (RT-PCR). [ Results ] Mercury concentrations in both hippocampus and cerebral cortex were elevated significantly
in the MMC-treated group (P <0.01); while the level of mercury in cortex of PND28 and both cortex and hippocampus of PND60
was significantly higher in comparison with that of the control (P <0.01). The latency of PND7 and PND14 MMC-treated rats in
water maze was much longer than that of the control (P<0.01). The levels of NR2A mRNA were significantly decreased in both
hippocampus and cortex of PND14 subgroup (P < 0.05); the levels of NR2B mRNA were significantly reduced in hippocampus of
PND14 subgroup (P<0.01); and an increment of NR2C mRNA was observed in hippocampus of PND14 and in cortex of PND14 and
PND28 subgroups (P<0.01). [ Conclusion | The first two weeks after birth is critical to methylmercury exposure, which would
result in the impairment of learning and memory ability for life span. The altering expression of NR2 subunits is an influencing
factor.
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SALH IR IE W, AR BEER K 5 G Ak H 3 SR 1 T K,
PRl GR) K, HARFGAiZ R St SR v FH
hy 1 R bR HER I AF 5 O SR A ) SR AR TS A5 Trizol, 25 [
Invitrogen vl M-MLV 5% g, 251 Promega/A Hl; AFS-920
WEE R F AT, Jba 3 RAXER A F] 5 Morris /K 28 5 4347
Z 5t ( Ethovision &4 ), fif 2= Noldus 2N 75 8K BUL 0 W R 58,
¥ [ Vilber Lourant 2 w3 AT {8 FE Sprague-Dawley ( S-D ) KR,
TR 200~250g, B BHE KA [FIT B 2E B Scga gl i34t
1.2 ShapiER 5 R 448

SIAFRIRE (22 +2)C, SIS oy, i
£85I D S KT P R iy N 2 [ o o S T L I e W et 361
TR LRSI 1 1RV, YRR M A TCRAR, &
PRBHYE & M2 22, A7 AR 1d o PNDL, ARIEEE A& AT
FEilh 8 K, BAALAY ok BRA A g ], Horp Yesg e b A fR
AR KB4y 442, B PND7. PND14, PND28 ., PND60
21 B 15 FATF R

YRR (n=15) FIXFHRLL (n=15 ) ARYEAR T 435045 T 5 me/ke
ST ELRIEROR 5 mLU/ke (124 BLER 7K (0.9% , B8, 43
%F PND7. PND14, PND28 ., PND60 4L 7 d #EH . 4105 EE
7 d YT AR 3 REEHLE 10 R B0k (SRS il 2 it 10
HRBERLE 6 HZE TR, o 4 &), J34h 5 HEs:
A (PND69 ) AT 7K i B S PR JE UM
1.3 HALE

43 0 B G 5 45 R 56 3 K (n=6 ) KoK o & It 45 ol 5
(n=5) R ERUMG 20 20, I o) 5 e SO A 75, MERRFR S 25,
B -20°C VKA, RS 2 -80CURARTRAE, FFI
1.4 RF %A HEMNRASE

SR PRE Y 2 EAT A T B I i 2 2SR B B e 1] A
K FH T 5 Y66 BE TG I i 2 205K 5 o K5 L SUREAR T3 Y
RARHANEALRER A 1 mL AR, 140°CH 4L 1.5h, BHISE,
HHESmLILESE, IFHEE F/RKERZ25mL, FEAIRH,
RS e S RIE L 250V, JTHF 40mA, JFHF1bas
TR 200°C, JE AL 48 5 B 9 mm, #E 400 mL/min, Fik
ST 800 mL/mino Iy AFRIEI %

1.5 Morris 7K B X

AR E R EAR 180 em, H B 60 cm B BITE AL, 7Kt 5
ANGIR, KIS TG 1.5em, KEEHIE(26+1)C, MA
30mL A K- AR UL, A B SPSE 5 BB X o o X
AT 5d, [EE N H 9:00 2 14:00. FT4d i, Bl
TR RS IR % 48 30 min FFEDIRASE E R F IR I %6 B8 H
PR3 U, A3 NGB, 1, 1TV R st BE e A K, X
FFIL R R TR IR V-5 e i 7] QIR ), ARl vk
BRI BR 2 7E 60s, 3L 60s W 5| FH ATTIE L5, HHEF-5
1550 30 s, T BIEAE-A A AL, RRNZRZ IR FFE 5 min L
o 585 RICSRR RGO & T RIS o 25t
1.6 NR2A. NR2B. NR2C mRNA & ik 4|
1.6.1 X RNAZR K 3 # % FH Trizol 75 42 20 20 1 5L

RNA, HAAHEN . 5 BGHE A0 212145 50 mg, ITA 1 mL
Trizol 2%, VK E#FE Smin; W51 A BLOE, IMAFIE
&1 02ml/mL Trizol , FLAMEA], VK L ##HE 3min, 4°C, 12000 g,
B0 15 mine BCEWE, A FA 5 PIBE 0.5 mL/mL Trizol, Hi{5
BA), VK E#E 10min, 4°C, 12000 x g, 5.0 10 min, 7 135,
BUE , InATE 75% (R4 ) I 1 mL/mLTrizol, RN
VE o 75% (KB 80 ) 2B 0.1% (IR ) — 2 KA iR IR TG
( DEPC ) KFR il 4°C, 7500 x g, B0 5min, 1, 255 Tk
15min, fITA 20 uL 0.1%( fRKFI4 )DEPC K, Fe43¥5 6, —20°C
PRAE . PR RR & e e U 5t [ FR 43695 B (10D ) 260=40 pg
RNA/mL) ], 2 Wi B | 4, %5t SugBIE RNA, A
1 pL(0.5 /L) BIBERIS [ #7 ( Oligo dT), AN AAFL DEPC K,
BB, 10 ul, 1EJy RNA KB . IR IR B L, 72°C A5 1
5min, 0°C 5 min. BETER RNA BB AINA LI FIA R, B AA
BUR 25 ul, i ESHL: 42°C 1h, 95°C Smin,

1.6.2 PCR LA cDNA AT PCRY 3. BT 5 W i L it
HETHEYFARN A G BFRIEA actinfE NS IR 5197
GIFY 3G R W AR 1.

&1 PCREWEESIYFSI
Table 1 Primer sequence for PCR

LA 519 £ HE(bp)
Gene Primer(5'—3") Length

53 (Sense ): TCC ATT CTT CTG TCA TCC TGC
NR24 224
%555 (Antisense ): AAG ACC GTC TCT CAC TCT TGC

[ #53 (Sense ): TGC ACA ATT ACT CCT CGA CG -
5% 5% ( Antisense ): TCC GAT TCTT CTT CTG AGC C

3% (Sense ): TTG AGG ACA ACG TGG ACA CC
NR2C | 204
3% 5% (Antisense ): TCC AGT CGT ATT CCT CCA GC

peacti 5% (Sense ):  TCA GGT CAT CAC TAT CGG CAA T .
-actin
J¥i%% % (Antisense ): AAA GAA AGG GTG TAA AAC GCA

PR F 1% B0 SBENe e Th R Ik (5 0.5 ¢/L
BITRAL Z5E ), 110V, 50 min, BEIE A% 52 G 30 BEIF o0 ol
B, PCR= Wit LRI AR /R o 457 i 2l H i 2R R 55 48 G 3L T
Practin it FAEZE7R mRNA BRI 234K .

1.7 %itF o4

BE R T + s s, K FH SPSS 115 X 5l b 4540 #r, R
BN E S5 KR TR B )R FH R 28 5 22041, NMDA
mRNA Z KK Student’s— K56 o K236 7K #E 2=0.05,

2 R

21 BABRRAKHAFTRAREER A WAL RS S
22 A 0L, ARG AN EIB A, Yeag i T ST 2ok

TR S TR R, 2R EA SR L (P<0.01),

22 HABTRREARER AT RAREE RS G MALREE
M3 AL, PND7. PND14 JLaE2H IR 245Kk & & 5 % a4

L, ZR LG E L (P>0.05); PND28 Yeig4 J7 JfiR &

i TR, 25 A5 E X (P<0.05); PND60 Y15

YA BT OR B W B s T X IR, 2 R EAA SRR

X (P<0.01),
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R2 FRALEHRERERESRMALREE(n=6) _ 70 W PND7 WPND14 B PND28
Table 2 Mercury concentration in brain after MMC exposure o 60 [ PND60 [ % Bt
<
2051 ( Group ) 1 ( Hippocampus ) )i ( Cerebral cortex ) % 50 oy e
e ( MMC-treated ) 1.47 +0.29° 1.48 +0.06" i
PND7 g 40
%f B4 ( Control ) 0.010.01 0.02 +0.01 g
Y ( MMC-treated ) 1.62+0.90° 127 £0.11° § 30
PND14 iy
X ( Control ) 0.02 +0.00 0.03 +0.01 = 20
Y7t ( MMC-treated ) 144 +023° 136+0.28" =
PND28 #a
X ( Control ) 0.08 = 0.00 0.05 + 0.00 0 : . .
PNDGO Y7 ( MMC-treated ) 14420417 1.07 +0.16" 1 2 3 4
it B8 ( Control ) 0.03 +0.01 0.03 +0.01 YIIZHT ] (Training session, d)
50

[ 1" 5t 4 % ( Compared with the control group ), P<0.01,

£3 HERTRAKHRERBEARKEZENXEE ¢ MAR
KREE(n=5)
Table 3 Mercury concentration in brain after Morris water maze test
51 ( Group ) 5 (Hippocampus ) J2 )5 ( Cerebral cortex )
e ( MMC-treated )

PND7 0.050 = 0.001 0.050 = 0.006
PND14 0.060 = 0.003 0.030 = 0.009
PND28 0.130 + 0.002 0.180 +0.001°
PND60 1.780 = 0.150" 1.170 + 0.060"

Xif BEZ ( Control ) 0.020 = 0.002 0.040 + 0.001
[VE ]*: 5t i ( Compared with the control group ), P<0.01, **.
P<0.05,

23 WAREENBAERE A KKK F TR A

P LA BT LTRSS — IR AZK N 2RI, &l 4R R TR
WISXIRAAELL, 225 G5 L P>0.05 ); IAS 3 RIS,
PND7. PND14 Qe 4] KRR K F X R4L, 255 B 501
3 L (F=3.025, P=0.042 ); PND28., PND60 Y35 2 K BBk
WISX IR bAL, 225 gt L (P>0.05 ),

i 1B A L IE S, PND7 . PND 14 Je 4 R IR
AR K F XYL, 227 B Si12% & L (P<0.05); PND28,
PND60 e 41 K BRI SXT IR A, 2 R gl 2= 8 X
(P>0.05),

D W W A A
wn O W O W
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RIS [E] (Escape latency, s)
)
S

@ A ot

PND7 PND14 PND28 PND60
2053 (Group)
[ J#*: 5t B8 41 %2 ( Compared with the control group ), P<0.05,
1 BHERBRKESERBA(n=5)

Figure 1 Escape latency after Morris water maze
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24 FTHARRAESBAS AR AKRY KA IELALNR2 £ &
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TEPND7 I, Z 5B TaiH2=E L (P>0.05); 440w
NR2A . NR2B VI J FR4H 2 1) NR2A 3576 PND 14 i B A%
T, 2R HAG4E L (P<0.01); W41 NR2C
FEIRTE PND14 LUK iz i 414/ NR2C #6575 PND14 . PND28 1]
BRETXEA, 2R HAFIFEX(P<0.01); HAaYEd
5% AL, 225705 FE X (P>0.05 ),
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[V ]*: 5 8 44 ( Compared with the control group ), P<0.01; **: P<0.05, A, C. E: %% (Hippocampus ); B. D, F: ¥ Z ( Cerebral cortex ),
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Figure 2 NMDAR 2 subunit expression of different postnatal age following MMC exposure
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H A /KAS5 L AR v F SR s i AR 0, e ek
BT, AT B SR CIN 2 21 2 L SRR i s, 422
fil B SR 1 Z B FR AT B SR IR RRER , HE Y4 B 2ok 1
BLHBAEAR SRR B4, R TR % A5, A &6,
7 % R R 2 B2 R G R B R BIG

IR SR B — H 2 8 2o, sk b, izl
F LR R TR IR S5 K B P Y CNS 3 45 . AT H AR R
KRRV A KB B SR 58 7 d SR AL i 4H 20K & & &
B, YR R ICIS R I T LA R Y T 2R B A
Fo T BEZE 16 HH 2 206 R LA BURR . MTY AMOTO %5
X AN TR IR B SR Y 75 B0, PND16 S BRRM Bz J fif oh
ARG BT ™ 5, A YRR KB 7 d Ye g g o)
Ji 1E 4 3% 22 PND6O J F- UG I iR 20 2051 75 e, & B L0 e
TR ULk & B W) R R, 1T PND28 K2 Jit ) K2 PND60
YL RE N ZH L 2 rb ok £ i B B R TR R . B AR IR G, T
L SR AT AN AR HE A2 S D

e B BFST AR 5 R TR PR SR R Bl D012
DR m, FRATXHILIE K R B IR, 255 8, PND7,
PND14 4L 2 K 1924 2 1012 B8 71 B 2 AIGF X B2 A PND28
PND60 Y14 . #H/Z , PND28 1 PND60 Yeiid , R R B s
TR R B S A2 e ) i B UG AR EE AN, S IR
FHEL T B 2257 0 ;XS5 R 4R , A AR oK & v A
R, IR A R AT BT 1 R D e i s, Hiz
TGS B S TRT3E I AN B A AR A B AR, T — B
FI A

2R R — AR B el B, AT A T AL AT
AN AE B SR 5 27 S A2 B 0 RN 2 4 4 T R
Gih ok, RHEREIR RG] LI5Sk 1828 , NMDA 32
eI BRI R R 2 —, B FRRER 2R, =
FA NRI W HEF NR2 8 NR3 WV 3L M i, NR2 W3k I A 4 Fh 2%
FICA-D), AT AR D fiE . NMDA 52 {438 i AS ] 07 75 4 358
PEvERIR, SOl A B AR RITIRE , 20 AR 20T R IR RS A fid T
IAYE, AR IR A REN LT . £ FLFEH, NMDA 214
[ LG 1 K A4, B RIE R, RE R WINR2BIE £, 4
AELINAAL , NR2A W= BR 18 T X, BE kB,
NR2A [ 5 i W i A3 AE YK, NR2B MAAE A {44
Vg S TT S (A X A TR, ANBIR Y B, LR TR R AT
RERZIA | NMDA 2L 33K, 45 YL a5 20 NR24 WAL ) FRIATE
T T A A A R R RRE R R, PND14 Jioh B 3. AR
BV T CAL X, BHWT NR24 J5 , LTP ANBERL IS ST/, NR24 Rl
/N B 7R LTP B0, /K ok B R B K, NR2B I 3%
WA T TR, LRI IX, X B85 NR2B fE K I I of
(long term potentiation, LTP )53 H A # il 1A A A ¢, BHWT
NR2B, KBHEEPH ( long term depression, LTD VAFERA S
TANG %1 & B, NR2B #3848 = /N BRAE 2 21042 )5 i g 1
SR . 55 NR24 . NR2BAN[F], NR2C Rk hn. KEW, JiHZ
HA G 7~14d, CNSHZ T NMDA tARAEURK, X vl REJE i F
NMDA 2C B Fe3k i3m0, i F NR2C %t Mg [ il /6

FAANEE, [RIBF NR2A/NR2C 1) C AR i AT LA 15 28 filh NMDA 2%
WAL, AT DAGSRE I TR, R LTP, WA EH Il
{8 NR2C () NMDA 214 32 755 LTD (74,
MIYAMOTO % SA A 3 3 8076 NMDA 32 44077 Az 2o %2000 i
1Rk 2 B SR B R I R T b 28 o AR A e B I AL
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