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ABSTRACT: Objective To explore the effect of the electroconvulsive shock (ECS) on the glutamate
level and the hyperphosphorylation of tau protein in depressed rats. Methods The depression rat models whose
olfactory bulbs were removed were established. Using the analysis of variance of factorial design, we set up two
intervention factors including electric current (three levels: 25, 50, and 75 mA) and duration ( three levels: 3,
6, and 9 times) , which constituted 9 combinations (n =6). Fifty-four adult depression rat models whose olfacto-
ry bulbs were removed were randomly divided into nine experimental groups (n =6 in each group). The hippo-
campus was removed within 12 hours after the ECS finished. The level of glutamate in the hippocampus was de-
] Sed96/404

tected by high-performance liquid chromatography, and that of Tau protein, which includes p-PHF-
p-AT8%"%2%2 " and p-12E8% | in the hippocampus with Western blot analysis. Results The glutamate level
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and the hyperphosphorylation of tau protein in the hippocampus of depressed rats remarkably increased. The

changes of the hyperphosphorylation of tau protein were correlated with the electric current and duration of ECS,

and these two factors showed an synergic effect. Conclusion ECS enhances the hyperphosphorylation of tau

protein in the hippocampus of depressed rats by up-regulating the glutamate level.

Key words: electroconvulsive therapy; depression; tau protein; hyperphosphorylation; glutamic acid

H /K 7% (electmconrulsive therapy, ECT) J5H]H
PREESER (glutamic acid, Glu) 55 RGLNRE
SE BRI, SRR AMEFEAZ L
R A2 38 (long-term potentiation, LTP) 1 Fl4R
B, BREMITEEER, Cu E AP EEN
8.4 uMol/g, BB EEI AR, 4 40% R
fil LA Glu 238 i, Glu X 2% 3] 1242 i 5% we B X 1] £
M, &%) N-FE-D-RAHMRZ M (N-methyl-d-
aspartic acid receptor, NMDAR) J& 2% 3] ic 42 Fr &b 70
), EIR A Glu B 2, o B Bsh IR e A 4K
A & BRZ K (glutamate receptor, GluR) & F
Ca’* KEWWSY, BT Ca® BRI & Fh B2,
PRAE A B, ORRHE, BOE B VLEE I R,
BeSRA0 M  B SE W), M T A T B R T,
1A DRI RS . ECT 525 B LBt 5 Glu {5
SRG&DEEREA XY, HUsRAMLNK, &
B D LTP {0 AR 25 058 ful 7T 28 e g 7

Tau EENZ MWEH, BMES FREMEXER
('microtubule associated protein, MAP), £ &4 fi F
MRERMME, IEEAXNROBHEED, TIRHEHE
MEMEREMEE, RIEBERER, ZuHaH
faRhRM Y sk, REMAETAEKEE, MEE
Bt gk, MEMEEERES, 5¥Ii0ILH%,
Tau EEBBMALZE R M TN EEFEY,
HREHRILE 2 EER TR TREN, 7
HI S5 E U RO DI BE, & B BE i A A R R A
Weft, SRt E (prion protein, PrP) 434
EHEDY, SBeERIZ R, HEMIEALE R Tau
HE T REE N —F A1 DNA 7 T RRA8 R 45 AR B AR
A, & Taw REBHRERERSFTRESRRTE
B, Kk 5 DNA EGRETT .

FOEATF R, GluR SZRF5 G0 7T 2 2 ) %
JK R 5| B BEBR fk Tau 2 FH/KSFEFH &, E B B 3
AN AR RS, B TR AER
BRSNS 6 B 2 W00 R W T Tau B A BRRR AL,
MBI 4% % R G2 B BOE 7E RIS T B9 5 Tau
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B OB RIEMER Y . ECT SR #5121 Glu
TR R LA Tau 3 H K S ERBERAEE, ECT K
HTrEENNERT SRR A BB MLR,
BRI E KRR ABFRME T A F &
AR R ECT T 350 % MR 1) Bk 40 A8 452 20 K B i B
Glu ¥ AN Tau & H i EERARRALH M, LI v &
PRI Q) 235 A2 W) 2 BIL A 0 5 0 ol R T B4R 96 0 $ 3t
LAY o

R %

FEANRMNE dim L-AEAR (X H Sigma
AT, RYLE p-PHE-1 2 0 57 [ by ik (3% E
Abcam A7), RPTA p-ATS> 2 L EH Ik (%
[ Invitrogen 24 7] ) , HPLA p-12E8>7 £ 77 [ Hi 14
(£ @ Life Span Biosciences /) ) , DAB & X5 & .
BCAEHWENE AN & (LBEEZREWAHERL
H); HPD2SD IR E S F ( LS HE
BMRAF), YDIZ-N BIBE AL e sh S 4 ( LiBE
BESTEHMA RA ), Harvard W15 28 30 ) oAk 50
X (REBAREFARAF), Morris /KK E LI
MRS (FEEZP¥B), HPLICRERSE (XH
Waters A7), HHBEIKARS (3£ E Bio-rad AH),
SREHEREGLERE (B HEETFRRZH
EERERAA), B HMBMEAS (Olympus-
45, HZ Olympus A7) o

LM RARB BT ik 24 JH S {8 FR Ak SD
KRB, fKHE 250 ~300 g, REERKEEZRIHYH
AR, B RRE TENRE. 12 h IR E.
HHEYOKBEEFMGT, BHME2 min, K REN
LR EIRG NSRRI A G R, RREN AR 1
JG, B MRIRYIBRIMARRE AL 2.75% JR B Ltk %4
(55 mg - k™', MBS REERR, ERBERKL S
RACK R IRIFE, BEEME, EERTKE] 7 ~8 mm,
HIEPERMZEIF 2 mm 1932 kb, FI A 30 S 5
HHWAER2 mm /ML, FEREBE BN 23 m
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KREREZ FRBEIF R RERALR S, fFF2ifmReR
HR G T 45, W B 4 A /ML R I .
HERBW (205U -ml™") @FRIA, %4
Bk, MEHEERM4 U/ R, ESH253d, LB
RGBSR, REBRX KRIEBEMKE, KE 2
RAE#TY 5EREMIK, SXRMEYFEF9: 00
i, BEEKREY HHENKE o REETSE
4y 30 ~ 120 s [A] /9 54 H KR BFrAsh ik i
EEEEHR DS (ERIWLIEEN) KEER
HREOMER TAMR (LR 3hY 6 H Ml
) AT, PrA WA E R R, BT K
R FERANLE PITINE R

KW FEMTREE RABYLRAIL 3 x
3T BB RARBRAN 1A B, XEA AL
SBT3 MEHEER, MEERTF (3 4KF: 25, 50,
75 mA) FIEEEF (3 MKF: 3.6, 9K ECT) #
FiEHE (F£94, n=6), BHHEIEFRERE
54 HIRERY) BRIMERELEL K BRBEDL 2 9 4 (n=6):
I4 (25mA, 3K ECT), M4 (25mA, 6 K ECT),
M4 (25 mA, 9 R ECT), V4 (50 mA, 3 ¥ ECT),
V 41 (50 mA, 6 ¥k ECT), VIZl (50 mA, 9 ¥k ECT),
VIZ (75 mA, 3 R ECT), V4 (75 mA, 6 K ECT),
X4 (75 mA, 9 ¥ ECT),

ECT &8 KAt ECT # 15 min i f& ¥ 51 5
HARRM Y, K5 T RKBEIGHEM %2 ik, kA
Harvard W 4 28 3 ¥ ECT {X 47 ECT &3, 4T K
(BN IE 5% 2 Bk 20 ms), #H B HL W (25, 50,
75mA), #iF 50 Hz, 5 1s BWHFIE, 78 KR
SREMEEMBERER BT, BX 1Kk, 44
MREL (3.6, 9), ¥T9 Am FIR#TT,

B4 7E2%B ECT THELH/E 12 h LK K
Rig S, KRB AT 24 h 28 g A%k, BETH
1.5 g/kg 20% HELF R ZERISE, P Wk I 5
Hufigi; 7€ DEPC KT EWRBR M, 4B S, KRA
e S ASEARICEEEETRATSR, REHR
AT - 80CBAKIRIKA H, #1 Western blot #:lll; K
AN SFRE, MA 1 ml FE-KEOR, KIES
¥, BEASIHW A4C, 10000 x g, B> 15 min, BT
B, WEIEE -80 TR, 5l Glu &,

BRARAEEEEN G EAREEIFHNESE

KA. EFMRRAEMESHRSK
HWBo

Bl GlubrifEdh; OPA (E™=4#rdl, LigH
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ZREVAERAT), B-HELEE (EE Amresco 24
Al), HEE (G, EBEZKEVERAR).

1088 F a3 Z& 1 Centrifuge 5810R 7 {If 15 & 3%
BBl (72 Eppendof A7) ; HPLC fBi% R4 (£
[ Waters A &) ), #5600 £, 3% 2475 6 I 2% .
Empower &,3% T {Euf; 18-0DS f&i%4: (3£ E Dima A
Al), B 35C, FshtH A: 0.1 mol - L™'EEER4H
ishtH B: HEE, $E4T ZOUBREEVERG, B6EE VR
F: (T, B%) (0, 45%) (1, 65%) (6, 75%)
(20, 45% ), TH5EF[E, B% 48 B Wi shAH B 5 A9 EE
Bl WBHAHZ0.45 m BLFLIBHGS IR, BA RS WE
1.Oml - min~', EEWHK 250 nm, K5 410 nm,
DL Glu i T FHE & o

WA R ECH] . #F 20 mg OPA ¥ T 500 ul
FEs, @ERMH, A B-FiE LB 500 wl, Fin
A9 ml pH 10. 0 fBHFRZZ v, #IEHEFIE 0 ~4C
RHF o

FEBPSERBCH : Glu A5 S B AL 100 pwmol « L
FIFRHETS W, TURTAR R o

A B o #r: B 100wl A W B 241 2R A R
T EPEH, A 100 wl 1774 4150 S0 2 min J5
B 20 pl,

Glu #r o iy £ 8 5r: B i W& B 4 3 8 0.150,
0.300, 0.735, 1.470, 2.940, 3.675. 5.880 mg - L~
1 Glu bR W, T AL 3E 5 W %8 . B FH SR 35
HATE RS, UHIEEA (V) SHEKE (X) #
TTELRIA, BELETRE,

B Glu &M E: g DHRS K L E R
%, BABIESIRE, MAKEHFR (1 ml - L7,
2ml), KIETFTFIHRTHIK. B IKBT 4C
7000 r + min "' (r=13.5 cm) B0 30 min, B EIERE
F-20C A& 81 ml JHA5 3 E3E R M
0.75 ml 4% HFRFR S SNV IR ), 4°C 3000 r - min '
(r=13.5cm) B0 5 min, B EVE Wt 0.45 um J&
B, or3k. ARIEBOZEEW 24 wl, ZEFHRRPMA
AR 12 W, MERME | (pH 9.18)
960 pl, {RA), WEEHIE20C F#E 3 min JFHKIK
PERE, BEEEVERE, 2FIWE Glu &N,

Western blot #&il] p-PHF-15"""* & 5 p-AT8>*"*2
EAMp-RES*EHEARBIHEE AR
D, 513, B0.2 g, % Western blot [ IP 4f
f 2R IR IE 5, H A BCA AW EW € AR &
WEEEWE, BLAYESKRE -3, REEEH
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X IRER VI BRI AR R K B & Glu ¥k B2 Tau 2 Fd BEBERR ALK MR

FEfh, FI5 = SDS MRS il 1:1 (V/V) HBRl
FES, T 100°C & B 5 min; 55 A 1 x SDS JinkeE 2% ik
BRPREA RS TRBERSY, T 100C &
3 min, BURFIARA 15 wl BAE [ HhEE-3-BERR I 2 58
( glyceraldehyde-3-phosphate ~ dehydrogenase, GRPDH )
ERAEB R EHEBMIRE], 4 SDS-PAGE Mk =
REARDTEBREN R BRSTERA NI, AR
EBEBO L B £ Immun-blot PVDF i, 50 g¢/L it
Rewiky £ 3 h, M AAHRLHTIK [ 4 $t 4 p-PHF-
596404 py i e (kG B A p-AT8 S92 £ 3 [k
. AL p-12E8%*7 (1:200) ] 4CHAE LK,
FAHBLBRAR BARIC 1gG (1:200) 37CH¥F 2 h, DAB
ARG, SRSEARRGLHER TN E MK
R B E T B E

GEEATE R SPSS 17.0 B, R
BT s R, MALBARG T EFERE,
LRI BT B B30 B8 0 22 40 BT A AL TR
Iﬂfﬁ&ﬁﬁf-%ﬁ%@?ﬁ%ﬁﬁ%ﬁﬁ%
AP R R BB, 47 LSD K‘%*ﬂ SNK-q 16 % 71 P
52, P<0.05 ARG

Z =R

XRBIHPGuPEE MEECTHEMK
(F=310.488, P=0.000) I FHinrfIEK (F=
35.677, P=0.000), KEEDH Glu fykE 521
s PE R EMAEMPCR (F=4.484, P=0.003)
(1),

F1 KRBEZHFGCKEE (n=6, x+s, pumol/gprot)

Table 1 Glutamate level in the hippocampus of rats (n =6, x +s, pmol/gprot)
434 Group 3 ECT 6 ECT 9 ECT A1t Sum F P
25 mA 50.21+ 7.92 54.69 + 7.66 65.27 + 8.73 56.72+ 8.73 9.082 0. 001
50 mA 69. 15 +£18.20 90.91 £16.17 121.36 + 6.43 93. 80 £22. 94 17. 823 0. 000
75 mA 137.60 +13.73 172.90 +20. 02 180. 52 +24. 64 163. 65 +24. 61 13.011 0. 000
£t Sum 23.15+ 9.47 28.69 + 0.26 33.08 £12.23 28.31 £13.60 35.677% 0. 000*
F 108. 728 152.780 78.997 310. 488*
P 0. 000 0. 000 0. 000 0. 000* (F=4.484, P=0.003)"

ECT: HUfR3E;*: FRONM FGiHRM P A" SCHBH F St A P

ECT: electmconrulsive therapy;®: F statistic and P value of main effect,"; F statistic and P value of crossover effect

* Eﬁiﬁ E!l ':F p-PHF-l Ser396/404 E E . P- ATsSerl99/202
EQMp-R2ES*EAMEE W& ECT jifnk,
5 I R B R AL Tau 28 [ A FK B E N (p-12E8°77
F =286.967, P =0.000; p-PHF-13¥**. F =294, 670,
P =0.000; p-AT8>"*?%. F =309.969, P =0.000);
BE%E ECT THIMBEK, B HBRIL Tau EHEH
Fik B ER N (p-12E8%??, F =40.238, P =
0.001; p-PHF-1%%%**. F =29 467, P =0.000; p-
AT8S9722 . | =35 804, P=0.000) ; B HIHmHE
MR (p-12E8%2%, F =5.552, P =0.001; p-
PHF -] Sei396/404 . F=4.110, P =0.004; p_AT85erl99/202 .
F=4.132, P=0.004) (E1, £2~4),

25 mA 50 mA 75 mA
3d 6d 9d 3d 6d 9d 3d 6d 9d

» : : : A

25 mA 50 mA 75 mA
3d 6d 9d 3d 6d 9d 3d 6d 9d

i b e i v i B

25 mA 50 mA 75 mA
3d 6d 9d 3d 6d 9d 3d 6d 9d

A W s v

A. p- -12E8 Ser262 | B p- _PHF- 15er396/404 C A,I.Sseﬂgg/zoz
H1 Tau ﬁEEﬁ(Eﬁﬁ%ﬁPE‘Jﬁs

Fig1 Tau protein level in the hippocampus of rats
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£2 KRBDHp-REB*EHEE (n=6, xts)

Table 2 Content of p-12E8%?% protein in the hippocampus of rats (n=6, X %s)

4341 Group 3 ECT 6 ECT 9 ECT A3t Sum F P
25 mA 425.94 + 67.86 462.73 + 66.42 544.50 = 75.43 481.05 = 74.15 8.761 0.001
50 mA 654.93 +150. 31 801.07 £171.83 1081. 66 +223. 45 845. 89 £204. 98 14. 805 0. 000
75 mA 1197.29 £128.42 1482. 90 +200. 11 1816. 43 +303. 91 1535. 35 +289. 64 19. 353 0. 000
A1t Sum 759.61 +301.08 932.05 £416. 47 1150. 63 £479. 66 947.66 £494. 57 40. 238 0.001*
F 107. 589 121. 203 85.419 286.967°

P 0. 000 0. 000 0. 000 0. 000* (F=5.552, P=0.001)"

oo EWBM F SRR P ;Y REMNIK F SRR P E

a

. F statistic and P value of main effect;"; F statistic and P value of crossover effect

®3 KEEDH p-PHF-I*EHEE (n=6, x+s)

Table 3  Content of p-PHF-15%%**protein in the hippocampus of rats (n=6, x +s)

434 Group 3 ECT 6 ECT 9 ECT 41t Sum F P
25 mA 346.39 + 39.57 374.12 + 55.46 445.56 + 63.45 388.69 + 58.75 7.913 0. 002
50 mA 513.71 £100. 11 646.25 +110. 92 850.71 +163. 09 670.22 + 15.51 17. 644 0. 000
75 mA 955.51 + 95.53 1193.33 £ 141.01 1219. 65 +195. 05 1122. 83 £110. 92 9.529 0. 001
47t Sum 605. 36 +235. 03 727.90 +312. 08 838.48 + 45.43 727. 09 +341. 69 29. 467* 0. 000*
F 136. 951 148. 159 65. 421 294. 670°

P 0. 000 0. 000 0. 000 0. 000* (F=4.110, P=0.004)"

*; EBOM F SRR P REANN F GEIHEA P Y

. F statistic and P value of main effect;”; F statistic and P value of crossover effect

®4 KREEDH p-ATS™ P ELER (n=6, vxs)

Table 4 Content of p-AT8%"**® protein in the hippocampus of rats (n =6, X +5)

4341 Group 3 ECT 6 ECT 9 ECT A3t Sum F P
25 mA 538.20 = 81.40 596.63 + 85.73 707.16 = 92.67 614.02 = 95.76 9.789 0.001
50 mA 764.07 = 94.93 985.37 +183. 80 1296. 32 £244. 45 1009. 26 +244.23 17. 362 0. 000
75 mA 1477. 67 £148.32 1855.26 +214.24 1937. 99 +267. 39 1756. 97 +264. 00 12. 595 0. 000
A1 Sum 920. 65 +£375.98 1145.77 +486. 10 1313. 83 +480. 02 1126. 74 +537.71 35. 804 0. 000*
F 109. 649 143. 161 81.298 309. 969*

P 0. 000 0. 000 0. 000 0. 000* (F=4.132, P=0.004)"

oo EWBM F SRR P ;Y REMNIK F SRR P E

. F statistic and P value of main effect;”; F statistic and P value of crossover effect

W R

ARG T A B 2 AR [ B AR ECT F 3%t
MELER V) B AR AR AL K SR D Glu YR AN Tau 25 H 13 B
BRI E N, 4R BN, ME ECT B¥EMm AT
P RER, KREDH Glu WRERENEM; MW
FHEEAINBCE, SUERRSREMN, B
ECT A[ 5 & Glu MR K XMatEdE ., WA RIE
KI, MEE ECT By KM T BER, 54
BEERAL Tau B RB B EH N, 5 Wu &P L8
M EE N AN EEERE R RIED Tau BH
R RE R —B. SUEMRARBZE,
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AW AT L E ECT 2 7HE D Glu ¥, MK
PEMTSE g S Taw S EHRRUBEEREAE
SRR, 7518 1 BE B RR AL AL, pSer™”
MRBERABES ECT MM X R BEAEE, PTFE
PR DICC R Tau 2 A BEBERR AL AL o #
HEZME . XTHES Ser™ LA FHES A
X, HBRAZS 5T Tau ERH SMENS ST
ZTE S

Glu il (15 Akt 25 2 Fh 2R 1 SRR AO 16 1, Akt
& PIK/AKT f5 58 S@ B .01, 2 5% Tau
BEEMHRIEE. MEEHEMMEXGFSE IR
ATREANT . ECT fEN 3R NI R B0E D Clu W ETHR,
M Glu ¥ 3 B 7 B 32 /K GluR, Ml Akt 55 3@ B,
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TS S S Tau 3 R BERRICHR BE, 52 M [ R
REGEHR, WA ESHBERERMBL, B2
R ETTE T T, Ko, 85D Tan HH B
BALE =SB LB U R, AT#E—2E M Gl
B AT RE, EBCEEIER, mE N LT
B

(R BT R 2R 2R BT BT BT K 2 e BR B A
X B B AE LB T E AR AL, B R ER KM AR
W E MR E FEREE SRR AN ERET)
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