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Abstract: Objective To explore the mechanism of soy isoflavones (SIF) in improving memory in aging ovariectomized rats.
Methods Forty 8-week—old SD female rats were randomly assigned to the sham control (CON), aging combined with ovariectomy
(OVX/D-Gal), 160 mg/kg SIF (SIF) and 0.8 mg/kg estradiol replacement therapy (ERT). Except for the CON group, rats in
other groups underwent bilateral ovariectomy combined with intraperitoneal injection of D-galactose (100 mg/kg-d) for 12
weeks. After the intervention, memory was assessed using the shuttle box test. Transmission electron microscopy was used to
observe the synaptic ultrastructure of hippocampal neurons. The protein P53, PSD-95, GluA1, P38 and the phosph—-P38 (p-
P38) expressions were measured by Western blot. The levels of TNF-a and estradiol were detected by ELISA. One-way
ANOVA method was used to analyze the overall differences. LSD method was used to analyze the pairwise comparison
between groups with homogeneous variance, and Dunnett’s test was used to analyze those with uneven variance, with a=0.05.
Results Significant differences were observed among the groups in avoidance latency time (ALT), active avoidance response

rate (AAR), synaptic interface curvature (SIC), synaptic cleft width (SCW), postsynaptic density (PSD) thickness, serum E2
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levels, protein expressions of P53, PSD-95, GluA1 and P38 in the hippocampus, and p—P38/P38 (F-value=10.905, P-value<
0.010; F-value=9.825, P-value<0.010; F-value=8.027, P-value<0.010; F-value=124.228, P-value<0.001; F-value=24.9810,
P-value<0.001; F-value=16.410, P-value<0.001; F-value=5.667, P-value<0.050; F-value=6.091, P-value<0.050; F-value=
8.766, P-value<0.050; F-value=25.218, P-value<0.001; F-value=19.014, P-value<0.001). Compared with CON group, rats
in the OVX/D —Gal group exhibited significantly reduced serum E2 and increased hippocampal P53, accompanied by
prolonged ALT and decreased AAR. The SIC and PSD thickness declined, and the SCW widened. The level of TNF-o and
the ratio of p—P38/P38 in the hippocampus increased, while the protein expressions of P38, PSD -95 and GluAl were
decreased (all P-value<0.050). In the SIF group, there was no significant change in serum E2 level compared to the OVX/D—
Gal group, while P53 expression was decreased. The ALT shortened and the AAR increased. Besides, higher SIC, increased
PSD thickness, and narrower SCW were observed in the SIF group. The level of TNF-a and the ratio of p—P38/P38 in the
hippocampus declined, while the protein expressions of PSD-95, GluA1 and P38 increased (all P-value<0.050). Conclusion

SIF can improve the memory ability of aging rats with ovariectomy, which may be related to the enhancement of synaptic

plasticity through inhibiting TNF-a and its downstream P38MAPK, thereby increasing GluA1 expression.

Keywords: Soy isoflavones; Aging; Ovariectomy; Memory; Synaptic plasticity
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45k, H 60 % J5 HEH T BERE i e FEmF AL, IR,
FT I H] TEAE W BR ) 1) 22 4 A7 50 ok )5 4
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—JUBE o [ A AR AT BB 20 A 4 s BN SR
2 T BT T TG | & E B b S A R
2 B R GEPSINAT K A T RN fl e
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MM, £ B TNF-o 305 9 P38MAPK HTREZ 7T
XAl ] SR A STF S5 BRI, BETS
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WIC 1.52%, B HH % 0.43% , YRR EK 0.29%, HPLC
Ky, G2 g B AR ) TR A PR A ) sD-Gal (32 [
Amresco) ; [ HME I i (% [F DELPHARM Lile S.A.
S); ZEARFR LB AY (17 2% Noldus 247 ) ; B4 BE(H
AR att) . BCA HEE sialf) & (R i+
18 s — 3145 : PS3 (£ [E Proteintech Group ) P38 (3
Abcam) .p—P38 (ZE[E Cell Signaling Technology) |
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B—actin (I FEYE/R ) ; —HUELHE : HRP ARic L FHi
IeG (I FE4E/K ) HRP Fric LA R 1eG (e[
Cohesion Biosciences ); M —FZ TNF-o [ ELISA
& (TEIR Alk) .

1.3 KBk

1.3.1  filF B f %2 W FfF 43 #r (enzyme-linked
immunosorbent assay, ELISA ) K5l A F5 i 75 B — 15 Az
W Ty TNF-o KF 3% I H 2 AR AR K SR, S50 Ik
PG 503 x g B0 15 min, BT . FREGE D& T
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JRWCEE . MRS, FRULIIARTE 96 ALK
IMABRH 6 RN [FR BRUALTE B0 B 510 Fn it =)
FEhRCHUA SRR, IR A 60 min JEEERE 5 U T
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1.3.2 FFRRAAIKINICIZAE ) SCURHT 4 d Y%k,
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WSOV o BRI SAT R AT G () e B S i B T
WL IR, LU Image—Pro Plus 6.0 HEG S
Brigdt, @ m oo fit A M2 (synaptic interface
curvature, SIC) . R filt [A] B2 %6 & (synaptic cleft width,
SCW)FZE IS EUE Y (postsynaptic density, PSD )JEEEE .
1.34  Western blot ¥ £ flll i &5 PSD-95.GluAl .
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S 100 L PMSF K @R RN EIF], S35 0K 1
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R, RN S 5% MRE TR I P R E P 2 1
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1,4 °CIFE IR, H TBST IR YE 3 s B Xt
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KA BH . FIRFREM ST AT 3 W, BRI
2RI AR TRREAS, HRRAIN 6 AN [R) R A 2 1 B
ik o FH Tmage J #4785 F 2540 KBE AT, IFHE 4 B Y
FE AT T NS B-actin AT FIAE .
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significant difference, LSD) ( J7 2455 ) 8% Dunnett ( 5 22
ANFF) KKK fE 0=0.05,
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5 (Pl >0.050); ERT 41 — Bk PR H 4y =40 4%
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K 1B,
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p-actin |- — — W — = — -‘| 43 kDa

B *kk (@
1 **
1
* % *kk % %
50 250 1
=)
E I#
£ a0 = 2.0
2 =
; 30 g 1.5
%
= z
1;2_ 20 I 1.0
& )
iz 10 05
0 0.0 o .
Loe & 55 Loe (S &
48 4
Ry &
S N

TE: A RS P53 K B-actin 25 1145 ] s B Jy ELISA 7]
AN L ME KT C K B Sy PS3 AR I FIA E AT 5
7R P<0.050;" 7R P<0.010;™ 278 P<<0.001;n=6,

B 1 SIF XA 2R BU I E Rk F ity £ PS3 B 20k
T
Figure 1 Effect of SIF on the estradiol level in serum and the

expression of P53 protein in the hippocampus of each group of rats
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FARE ALT J2 AAR BVAZE S A G258 L(FH
=10.905, P {8 <0.050; F {4 =9.825, P {5 <0.050). 5
CON ZHAHEL ,OVX/D-Gal £ ALT 4EK: AAR F&#AIL; 5
OVX/D-Gal 4 AH 1, SIF 4 ALT 45 %5 H. AAR 3 /11,
ERT 4H{¥ ALT 455 (P {H<0.050), W5 1.
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Mg Hem CON R MhE5 M 7%, Sl fa A pR
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XA EE R AT AL AT, 4541 SIC SCW J
PSD JEE 174 22 5% (F { =8.027, P { <0.010; F {H
=124.228, Pl <0.001; F {H =24.9810, P {5 <0.001).
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SIF J% ERT 41 SIC 439 1T+ T 6.04% .4.85%, WL 2
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R 1 AR N AE B LA (x £ 5), n=10]
Table 1 Comparison of avoidance response ability among rats in

each group [(xxs), n=10]

20 51 ALT(s) AAR(%) PAR(%)
CON # 5.61 +£0.56 2833 3.07 71.67 +3.07
OVX/D-Gal 4 9.86 +2.71* 1.67 = 1.67* 78.33 +9.46
SIF #H 5.27 = 1.00" 3333+ 6.67° 71.67 +7.49
ERT 4 539 +1.48" 18.33 £4.77 61.67 + 6.00
FAH 10.905 9.825 0.988

P8 <0.001 <0.001 0.418

5 CON 4k, "P<0.050; 5 OVX/D-Gal 414 H,"P<0.050.
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Figure 2 Comparison of ultrastructural images and synaptic interface structure parameters in rat hippocampus CA1 region [ (x +s), n=30]

2.4 SIF F @ 5 OVX/D-Gal X R # & PSD-95.
GluAl & a &k eg%rm A KE PSD-95 } GluAl
EHAKFREERASIEE L (FE =6.091, P
{H <0.050; F {H =8.766, P <0.050)., 5 CON ZH#H
e, 0VX/D-Gal 41 PSD-95 .GluA1 & /K431 F [
T 37.31% .40.89% ; 5 OVX/D-Gal 41 4H Lt ,SIF 44
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143.54% ,p-P38/P38 /3 5l T & T 46.31% .70.32% ;
ERT 21 P38 4 [ /K V- % SIF H | T} 56.46% ,
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p—P38/P38 [k 44.73%(P {5 <0.050). WK 4 A ~D.
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Figure 3 Effect of SIF on the expression of PSD-95 and GluAl in

the hippocampus of each group of rats
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Figure 4 The effect of SIF on the expressions of P38 and p—P38 proteins, and the level of TNF-a in the hippocampus of each group of rats
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IO AF 5 Sh P A TR S8 st %) [l 3k 4 7 ok 2 2T 04 R
Jio E—id i, KRESZARSIFRREE ) 24X, >
1535 25 0 S, BB 18 2 B SR R AT, T
AW AL 2F S e B, ALT #6042 58 Sy |
AAR 8 52 2] )58 52, OVX/D-Gal K FRBE
BRI B] SE 4 B2 i, STF ZH4% OVX/D-Gal 41
ALT 4i%3 (AAR 4255, 11 ERT 44¥ ALT 4%, $2n K
B ERT A5 R BRI T, X2 200146 o i
AR M SIF X = B A B e . Ak
PR 18 ~ 24 A A4 SD KM i 3 41 60 mg/kg Gen
8 JHJE , KRE Il c 1o B B ot SRA145 R — 2L,
FEH SIF AT LA 4R OVX/D-Gal K FLHY = 242
g1,

AR S 563 5 375 5 F B AR R RS il 5 44, e
BT SIC.SCW Fl PSD JE J3 25 J2 o 28 i % 328 550 11
FE bR, SIC & KA L oo fil i 14 200 30, SCW
ZEAT I T 1 P 22350 IO ) AT 250 B RN L B RH T
AW, 80 mg/kg SIF # H 14 d WikbH AT LItk
A 2 50 AB1-42 U5 1Y AD R Ui E 58 il iy J5
JES Tl L T BB A A G B ol A, AR 5 O A
OVX/D-Gal K FUBIRL LS R AR Ll e 4 7, i —
A B S il R R S , OVX/D-Gal 2H K Bl SIC /)y
SCW M8, MATCHEMIE R, PR A At RE
I, SIF 41 SIC .SCW I P 2l , $27 SIF Al g
P& 15 P 2235 TR S ML RO . PSD-95 224 A
G T D FEUE S TP IR EE R,
AMPAR 5 #E 5 fi J5 B, -3 1 38 55 P9 A 05 5 007 05
FH. 1 N 75 ; AMPAR 5 PSD-95 4545, CaMKIT # iR 1k
GluA1, $2 5 2 fil {15 5 B2, OVX/D-Gal ZH KR PSD
JELRE R, PSD-95 .GluA1 & [1/KF- T &, SIF Tt
FiRTEFRI TR, HEs SIF A REM K PSD 1y
IR GluAl FiEN E, R GluAl R ZE
BE, M AMPAR i@ id 5 PSD-95 454, Wk /> PSD &
FIRE i, 4E4F PSD M2 oo Bk, 3 L [FAVE AT, 4

PrTELY CAL X Z5H 2 fi o] M, TNF - 55 84T
NAEBRRE G AR AEARDC, KM A S e,
TNF-o #7% P3SMAPK , #F ifif & 1t H At AiE 4 41t 5+
A A R, T A S 1E R 5 340 19 P38MAPK
5 T UiF MAPK 3005 25 MW 2 (MAPK activated
protein kinase 2, MK2 )4 %5 54, 7] AMPAR 7858
fil J PP AR R T L P GluA 1 A, il 1k 3 5
Ve B AV () (L X BB B, 2R i A% 3 RRCR R,
OVX/D-Gal K §UE 5 h TNF-a 7K | TF51E P38
WEIRALINGS , 2B A p-P38/P38 HUAE I T+ & P38 &
KRR, o BSOS ) P3SMAPK-MK2 i 35 1
AMPAR W % & B 5% 5% iz 5 % 5 SIF T B Ik T
TNF-a S p-P38/P38 /K-, il P38 iG>
() N 75 e, ol 0 22 0 B A 52 il B, R BM £
GluA1 FEIR¥E N, LR 2 M n] YA MR, BLobh, Efk
S TRIE A E] P38 R (L BHKr NF-kB i LPS
38 L W B RAW264.7 B R AT UL R 35D RAE T,
SIF 3 i 41 ] P3SMAPK Ji /> 800 wM CoCl, 7 57 %)
PC12 4 S E B BRI A 0 7023, phy LT, SIF
T A P38MAPK Yk 4% 4 A 151477 , 4 1M i 5 28 ik
IAVE AR

25 I, ABF5E R 160 mg/kg SIF 18 i 417 7l
TNF-a K F Ui P3SMAPK #E T340 GluA1 23k k2%
ff SRR 5 ful T RPER A, 38 OVX/D-Gal K12
ARSI SR M 254G . S Al 5 32 A B L T BL I A T R
T, AR AT H A R LA K s /AN S5 e st /
il 2 B UFIZMLE] , I SRR SIF o1 Bt
e L, HARER SIF MBS R FEAE HIXHCAZ S pL
PRt &,
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