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[(HWE] B8RS HATZH(DSS) B AR 09 7 F 2 7 55 FOAR 2 1 oA A A L 98 2 78 R - B Ak -3 -9 -5
FF 3 -4- S W R DY R A7 1 (AMPAR) {5 53l I 9 . J53% ek APP/PST/NRBEHL A A A 4], DSS K b R A 41(3.2.6.4,
12.8 g-kg™) , A= B AR £ 20, 400 50 42 A 25 2H (5 mg-kg™) , CS7TBL/6T B A RN W IEH 4H . MM AH T4 6 B EeriE s
20 HA A A B3 S T 108 JR G AT AT M A T, o 5 L B O BE C AL X 5 fi 8 T 25 40, 0 38 2 b 3 (THLC ) A6 00 405 /46 ) 2 1 4
g T (CaMK 1) 2 [ 3R 35, A= Akl ) & R I B-¥% 2L T2 (BHB) 5 LR (LAC) 19 & &b, BEIK %o 22 W B 7 72 (ELISA)
HAM(Glu) B A&BEN(GIn) \y-E I TR (GABA) IR il % (SYP) & 1, 3L 9¢ Y6 52 1 IR A 4% 205 7 (Real-time PCR) 48 1]
A AW A L (GS) A 2B (GLS) A MR IR (GAD) .CaMK Il \AMPAR 2Z {R . 3 GluA1.GluA2 mRNA ik, H
#7928 B335 4 (Western blot) £ 1ll GS .GLS .GAD .GluA1 .GluA2 & %5, SR 51F %41 H, BB 4 /N AR s 5. A &k
LR H AR B A B O [R] 3 AR (P<0.01) , b v ARV R H AR 2 B XS 55 B A5 52 BRI 1] b 0] & 1 T (P<0.05, P<0.01) ,
15 CAL IX 5 fuld 88 1o 25 4 1 0 0 2 450407, CaMIK T K P 2235 W] W 38 i, BHB & 22 R B 4011 *% & 3L, LAC . Glu % & . &
(P<0.01),SYP.Gln & GABA & # i % [k (P<0.01) , GS.GAD . GluA2 iy mRNA 14 A % 35 W B T i (P<0.05, P<0.01) ,
GLS.GluAl iy mRNA FZE 1 #3508 2 _F i (P<0.05,P<0.01),CaMK I mRNA ik 8 # T # (P<0.01) ., SHA4H H 4, DSS
TG /N BRAT A 546 A B 0 235 (P<0.05, P<0.01) , ¥ I CA 1 IX 2 fil 8 f 45 44 7T 98 P 389 5, CaMIK 1T 2K (4 36 ik B Wl (% {1 , BHB
i 3% TH i (P<0.01) , LAC fil Glu & = 2 3% B {% (P<0.01),SYP.Gln }2 GABA % 1 i % 7} & (P<0.01) , GS.GAD . GluA2
mRNA Fl#E [ 335 % 8 F B JH, GLS 5 GluA1 mRNA FI & [ % 15 B 8 B 4% (P<0.05, P<0.01) , CaMK Il mRNA 3£ ik i & B (%
(P<0.01), #i%:DSSHARNS BE APP/PST /N A 2¢ 2T 0 12 8 ) 1 38 3 28 filh w] #0 1 , HLpf 22 G4 4 P 5 412 o I 4% 2 i . 7 9 i i
BTG, B 575 2 BR/AMPAR T [ Y IR 45 A1 2%
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[ Abstract]
to its promotion of ketone body metabolism in the brain and regulation of glutamate/a -amino-3-hydroxy-5-methyl-4-isox-

Objective: To investigate whether the effect of Danggui Shaoyaosan (DSS) on cognitive impairment is related

azolepropionic acid receptor (AMPAR) pathway. Methods: Male APP/PS1 mice were randomized into model, low-dose
(3.2 g'kg') DSS, medium-dose (6.4 g-kg') DSS, high-dose (12.8 g-kg"') DSS, ketogenic diet, and inhibitor (talampanel,
5 mg-kg') groups. C57BL/6] wild-type mice were selected as the normal group. The talampanel group was intragastrically
administered for 2 consecutive weeks from the 6th week, and the other groups were continuously treated for 8 weeks before
behavioral testing. The ultrastructure of synapses in hippocampal CA1 region was observed by transmission electron microscopy,
and calcium/calmodulin-dependent kinase II (CaMK Il ) expression was detected by immunohistochemistry (IHC). The levels of
B-hydroxybutyrate (BHB) and lactic acid (LAC) were measured by biochemical kits, and those of glutamate (Glu), glutamine
(Gln) , y-aminobutyric acid (GABA) , and synaptophysin (SYP) by enzyme-linked immunosorbent assay (ELISA). The mRNA
levels of glutamine synthetase (GS) , glutaminase (GLS) , glutamate decarboxylase (GAD), CaMK Il , and AMPAR subunits
GluA1 and GluA2 were quantified by Real-time quantitative polymerase chain reaction (Real-time PCR), and the protein levels of
GS, GLS, GAD, GluAl, and GluA2 by Western blot. Results; Compared with the normal group, the model group exhibited
decreased recognition index, spontaneous alternation rate, and residence time in the target quadrant (P<0.01), increased escape
latency and ratio of the time in the opposite side of the target quadrant to the time in the target quadrant (P<0.05, P<0.01),
damaged synaptic ultrastructure of hippocampal CA1 region, increased positive expression of CaMK Il , no significant difference in
BHB level, elevated LAC and Glu levels (P<0.01), declined SYP, GIn, and GABA levels (P<0.01), downregulated mRNA and
protein levels of GS, GAD, and GluA2 (P<0.05, P<0.01), and upregulated mRNA and protein levels of GLS and GluA1 (P<
0.05, P<0.01) and mRNA level of CaMK Il (P<0.01). Compared with the model group, DSS intervention improved the behavioral
indexes of mice (P<0.05, P<0.01), enhanced the synaptic ultrastructure plasticity in hippocampal CA1 region, decreased the
positive expression of CaMK Il , raised the BHB level (P<0.01), reduced the LAC and Glu levels (P<0.01), elevated the SYP,
Gln, and GABA levels (P<0.01), upregulated the mRNA and protein levels of GS, GAD, and GluA2, and downregulated the
mRNA and protein levels of GLS and GluA1 (P<0.05, P<0.01) and the mRNA level of CaMK I (P<0.01). Conclusion: DSS
can improve the learning and memory and enhance the synaptic plasticity of APP/PS1 mice. Its neuroprotective effect is coupled
with the promotion of ketone body formation and remodeling of brain energy metabolism, and is related to the regulation of
glutamate/AMPAR pathway.

[Keywords] Danggui Shaoyaosan; Alzheimer's disease; ketone body; energy metabolism; glutamate/a-amino-3-hydroxy-5-

methyl-4-isox-azolepropionic acid receptor (AMPAR) pathway; cognitive impairment

B] 7R R T 3R (AD) & — A LR AT PR 1 42 38R
FU N Ty R N B Oy 32 28 I R ARe AE 1 B 2 IR AT PR
. AD A AE A T Re R AT, R IR A G
Z 2 T ERE AL AN R A R B B 5, i i
B 2 B R 0 - L -3- SR -5 - T S -4 - S M e TR R
Z K (AMPAR ) 3 U85 8 48, XF 28 fill J5 #h 2 00 7" A=
My P EE M S BOSE fl  45 FN D RE R4, A AD R
) S g PR 2

s M 4 25 AR A2 L DA AR Sk B AR g U
Tk AD 31 8 B 5% Jy e R A BE A8 S
Ji 2 25 R0 10 ) B R 2 R R, B O il & oT it
A8, M1 2% M fE 2 FE LT 038 T e R 58 57, &
1T, 2B TR KR 1 B AT A A AR M 22 5 K &
SRR AR BRI, AR R e T A P
Wil (A K 25 T I F B A3 oo dEE

HIFATZ5E(DSS) Ay i 2277, DRI M 14 AT
fat A K, o AL IA IR S AD R AR ] B A5 AH 32

. 2 .

AU 7 ARG IR B 4R F 20 fHal H oA
TR E G S 2 TG R 5 MR GV i — D
ST H BN TR AT AL AR A i T
1 & B, DSS BE % B AR A5 A4 /N Bt Big /K SF O35 5 4=
PR B, A IR RE = A BT T .

BT B A H, A0 5T SO 58 DSS XF APP/PSI
/NEEE IR e T R Ml mT S | fE A e
A FR/AMPAR {5 5 38 [ 1 52 M, #83 DSS 2l 35 A 1
Ty 66 5 BE R R 4 R M 4 & R -AMPAR 3 1% 3L
B AH 5GP e i TE AR AL -

1

1.1 3% 45 23 A HEME/NEL (7 APP/PST 5 5
FL M CSTBL/6I X HREL) , 91t AR B 4t Ry (25+2) g, 3
MV o v E AR W R A BR A R R A A% IR S
SCXK (#7)2019-004. Jir A /INERAE ) M B2 2 K A
SPF S50 = N, T H it (24+2)°C (1% & 50%~60%
K12 012 h GG BRI AR e 550 R 3 S8 1 5% L H
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1.2 B3 ARSI LM B 2y KSR s Y e
PRZE D325 oE (2 BEIE 5 20240319005) .

1.3 25950 M0 ATy R IR TS I
EAR R (36 K25 B i LA BR 2 &) 4L 5 43 il oy
231201011, 231200409, 230500511, 231205341,
230960321.231200381, £ ) I H = 24 K 2 vh 2 2
Bt 3345 204 0 ) s S A2 (N T 22 s 2k
YR & SR PR AL S HY-15079) ; A= i 45
(e Je A= Py FH A BR 2 A L it 5 XTKDO1) ;8-%%
BT 1R (BHB) I 5 300 & L-FL R (LAC) il & 1251
& (F ot g AR ) TR 55 BT, 4t 5 43 03 o4 E030-2-
1.A019-2-2) ; &AM (Glu) A &ML (Gln) (y-2 5
T2 (GABA) (% filt R (SYP) il Bt e 73 W B =2 v
(ELISA )i & ( i g ik AE W RHECA IR A w4
Sy 9k YI616547. YJ063302, YJ001894 .
YJ001894) ; Evo M-MLV JZ #% s 7 HlIR & .SYBR
Green Pro Tag HS Wik T 52 B 28 5t 22 & 3R & il 4 =X
JZ . (Real-time PCR) i 71 & (1 B R B A= 9 T 7%
AR AL HE S 398 AG11706 . AG11701) 3 45 2 Tk
e 6 L (GS) itk 4 2 2 i R 1 (GAD) Ho ik (X
W= ARA RS A, #5550 8 11037-2-
AP . 10408-1-AP) ; 7% 24 It i il (GLS) B A4 iR i
A ALY (HRP) -1 EHT G — Pt (A6 5t 198 50 0 f 2
ARA B AL LS 43 5 BD-PB5062 . BF03008X) ;
Bh/AS R BEOFAR M B R T (CaMK T ) ( 38 H
Immunoway A ) , it 5 YM8422) ; GluAl T 1k |
GluA2 HL A& (I e 3005 AE R IR |45 43 3l
51 AFRM9615  AFRM81488) .

1.4 {Y#F RSSOIE BI/NEh YRR HL . XR-XX117 74
B AR B R S XR-XY 1032 B Y 35 & 48 XR-
XM101 B 7K 2K B R 40 (g R B R A TR A
A));HT7800 T3 Sl + B i 5 (H A H S A W) ) 5
Synergy HT £ ¥ G fi§ b {X ( 3¢ [& BioTek 24 ] ) ;
NanoDrop2000 # i £ 43 % B i1 ( 35 [ Thermo 24
# ) ; CFX connect %! Real-time PCR ¥ . PowerPac ™
HC % w5 d, i 5 9K A L /)y 80 Mini Trans-Blot® 5§ 5% E[I
i ChemiDoc XRS+HY & R T 1k 2% & 6 AR & 58
(25 ® Bio-Rad A H]) -

2 HE

2.1 CYIAATEGHLBY®IAE O SR HIME LK B 4
WY IHATZ 009 g AT 2548 g I 55 24 g &S
24 g AR 12 g RE 12 ) FREUHLAE S 254, LU
8 A% R Z& M K IR 1 30 min. 1 UK ALK S Lk kO A

Zh B S e R SO AEFEROROIRAS 1 h, R R B R
IR . 23 Hh BRI 6 7% B 28 18K, R A A W)
A ATy 2CHEAT R B 1] N 30 min, 22 & . A
LR 2 WIR WA I R e 4R % 1.3 g'mL
22 S5 THEU R B AL 2R K b APP/
PS1 /N BB AL 20 A #8570 41, DSS ik (3.2 g-kg!) .+
(6.4 g-kg') . (12.8 g-kg™") ) 4 41, A= 4k £ 20
(7 A W R IR SR ) M S i 28 41 (S mgekg'+d™)
7315 CSTBL/6 P AE B /N R IE# 4 . 2 MG
2 (AMPAR FEHURN) W8 FHAR 25 5 &7 e 2 A
TR ], A BH A AR AT o 2 K 7 P PR A
N5 11 DSS 5 AR TR AR B A Sk 55 A AR 00 43 0
SREm AT SR I 8 JE 1 I, A GE PR AL SRR b
ZAR P ER .
2.3 HERPUN SCEET 24 h KA A/NRE T
PUNFE HaE L S mine 43 50 U1 5309 (5 4 [+ 4% i 7
g 1A ) I 3 (— BT A+ D g A ) i SR/ R
5 min IR RATH . BIREEEE WG H 75% LB
WA s AR B AZ 8 T 3 1 R R B 4
B(RD)=N/(N+F)x100% #1774k -
2.4 Morris KRB 16 5E IR EEE N U k)5, T
R 4 d e AT N SR . AU B B N R B H
M 44 G BB K it T st H 54k B ROECE B 1
SR VE R (1 min S BR) L 860 A6 F 65 D B Y 3 56
2k, T R RE A HE B 1] N 4% 21057 & 09/ B k5
SEFHEIHER 15 s, LM BLHFNH S K,
TR OF B AT A MR L8, JF R 4E 1 min 1)
/NERAZ S .
25 YRHRE SLERHZE(AB.COXMEERY %
B ol s/ e OB S S min N A R ER R AT
g, it g8 S AR IE R B (n) 5 B EL(N)
IEF 2 28 n/(N-2) x100% 1155 [ & 58 8 I B R
(%) RPN TAEICIZ . MR &5 oAb 58 /N B, 4140
FE A Al AN [ A T 75 5K 43 9l 5 AT 4% 2 R W g
(PFA) [# %E 5 —80 °C¥& A Ab #L .
2.6 i T HL B UL /N BRI S CA L IX S fifl B T 45 4
oG 20 40 25 5 BB K B B AL 3, X 4 B B AT
0.8 pwm P UJ R, H 2R e g Y 00 08 0 1 B 4ot
FRYUTEL 90 nm 8 U1 R 4 T80 X o 20 40 -5 L (6
Ji T AR LS S e O R AR IES
2.7 e RE Al AR (THC) & W /) BROFT & i 2 J2
CaMK Il 5 (1 3R3k B [ 5 19 /N BRUIG 20 21 28 it
K I A R A U R B K A
R &PUEEE G R UGHEAT R TR AL )
. 3 .
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Ml CaMK Il —4(1:500)4 °Cit ¥ & HRP fpic &1 SI0FE3
SR LRI (DAB) (0 R A % Tablel Primer sequences
W e, T B TS B . Dt B 6 R i FEANSSY KB/
GS i CAGAGACCAACTTGAGGCACATC 89

ARTUFR ) Ay BA k0 5 A e, O 47 AR 50 BT o
2.8 A Ak R & K I /)N BRI 2H 2 BHB \LAC 1Y &
B ORI, #1:9(g-mL") el i A T
A EL K 4 °C2A3% 1 500 remin” B0 15 min J5 Uk
% i . W BHB K LAC i 7 & i W 45 o 47 #
P BGE 2 PR S R BRIE S T 37 °CHF & 5 min,
M52 505 nm AW G EE (A1) 5 Jin AT TR i 4k 22 1 1
5 min J5 BRI E (42) o 6 WO B 22 H (Ad=A42-
A1) BHB/LAC & & .
2.9 ELISA K i 4141 SYP .Glu.Gln .GABA A&
B OBRAAIRA S, 1:9(g-mL™") L #il i A T
A ER K L4 °C A3 03 000 remin B0 10 min Ji5 U
£ L. ZHELISAIRR G U BT, k&S 1
AU 5 HE AL AR A AL AR AR R RE AR 53]
22 HRP bR ic PUAR I & R IR W) i 8 S 28 1k I
J& 7 450 nm T I WO R .
2.10 Real-time PCR ;i /N B i 2H 20 AH 5¢ 3k 7 5%
KK WE 2 4 RNA 1952 U ] TRIzol 5, Jir
3 RNA 28 Jit it £ I 5 4% 5, 4% Evo M-MLV il &
PR VE+E 9 21T cDNA [ 5% 5%, ) 4544 37 °C
15 min, 85 °C .5 s M 4 °C,»o, *J SYBR Green T
IR iK 7 ¥ 17 Real-time PCR 43 #7 , iz 17 12 5 U 4%
95 °CTAE 1 30 s, J 40 MG IR 95 CAEME S s &5
58 °CiR k30 s, H Y 5L BB 9 4 X 2 3k /K °F- LA B-L
i F (B-actin) A NS FEH il 3 2L AT,
ST T ARSI W A T A TR R B A
ARG . W1,
2,11 ZE 4 % B 5 (Western blot) K6 ] ¥ 15 4]
41 GS.GLS.GAD.GluAl . GluA2 FE (1 £k D
21 2 25 B 2 Y Lt 19k 960 (PMIST ) A9 T30 S 6 28 D 3 1%
(RIPA) 2% WE 4 °C~1 9% (12 000 r-min” &> 10 min
Ja B EIENEE AT, MRS —KIERS5 gL
JG . 5 5x EREZMIRIR G IR AT, 25 pgE A
FESh 2 Mk (150 V, 50 min) (55 (400 mA , 45 min)
Kt (5% RS Wk, 3 2 h) b B S RIS — it
GS(1:2000) .GLS(1:3000).GAD(I:4 000) .
GluA1 (1:2 000) . GluA2 (1 :2 000) . « -tubulin
(1:8000) &% HRP b5t (9 L1 F Bt e =40 4 ) i 47 %
H o Image Lab Il 5E 257447 K FEAE #E 4T G2t 2% 50 #r o
212 Gty e SR A SPSS 26.0 HEAT 48 a0 M
IR PERH Y + s R PG IES M H I 255,
4

T AGTATATTCCTGCTCCATTCCAAACC
GLS 11# AGTCCTGTGTAAAACCCCTGAAATATG 102
T i TGAATCTTAATCCACTTGGCTCCTTC

GAD |9 CTGGTTAGAGAGGAGGGACTGATG 93
T GTCATAGGACAGGTCATAGTGCTTATC

GluAl i ACAACTCAAGCGTCCAGAATAGAAC 111
Fif CCTCATAGCGGTCATTGCCTTC

GluA2  Iif TCAGATTGTAGACTACGACGACTCC 90
Fif GTGTGTGCTCCAGGGTATTCTTTC

CaMK Il L GCCTTGCCTGGTGTTGCTAAC 113

T TGGTGGTGTTGGTGCTCTCAG
B-actin |l GGCTGTATTCCCCTCCATCG 154

N CCAGTTGGTAACAATGCCATGT

K F B4 R 2 77 2243 B (One-way ANOVA) , 2 [f] ¥
Fb 35 R e/ 2 3 1 25 5 1k (LSD) 5 I 8 R 5F TR
A Dunnett's 73 £ 5 #F 17 £ & i, DL P<0.05 Ry 22
SEAGIERE L,
3 &R
3.1 DSS X} APP/PS1 /) > 5 i 42 T fig 1Y 5% i
oM B R BoR 5 1E W 4 oA, R 2 /N LAY B
YRR S B0 S Y 268 [ R 3B 1 B E BT (P<
0.01) , 2 £ ML 47 X 50 1Y 3k sk W (R 0 B 3 A K
(P<0.01), H br 4 B A5 B8 i) ) 1 2% 47 J (P<0.01) , H
B G2 BT 55 A 5 B A 452 B 1o i) L BRI 5 v (<
0.05)., SHERIZH [LH, DSS £ 7 i 4/ BLUH & A8
R 5 H bR 5 B A5 B ) 3 0] 8 i (P<0.05, P<
0.01) , DSSAIK . 1= 71 £ 21 306 38 V5 PR ] 4 2 4 0 (P<
0.01) , #7 ¥ 14 551 45 B0 B 2 &5 (P<0.05) , Al B,
DSS w7 i 21 7 H AR 42 BRI 5 H A5 52 B 0445 B it
[i1] b B 2 B IR (P<0.05) , 1if DSS w7l i 4l £F iR 4R
P A s A E RS FE L, k2,
3.2 DSS X APP/PS1 /) ELifE By CAT IX 58 fish i f 45
Fo AT SR R I 5 OE 4 PR A R A4 4 22 e i
P 0 2, 3% R hy 240 L O T 44 A% R ok A W S, S
A S R ZORE A N e R R R S A A L R
e b Bk, 2% fl i S0 DX IR AR O i 4 A
SEEEMEZ . SRR i, DSS TS, 4 on 4
4 58 M A DA S 3 25, AN A [P 4 R R R A
Tk T, 2 fil B30t 1S 22 HL R s 4t A T S PR 4 5
2 M T B 3 vh /N UL 5 4 T A, 28 il S BUE W) R
o A ES R RS AMRE R . WAL,
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2 DSSXTAPP/PS1/NRITAZIERBIEM (x+s,n=6)
Table 2 Effect of DSS on behavioral indices of APP/PS1 mice (X+s5,n=6)

AH Mieke FOKRIEAYG B REBREYS B ’J‘l‘;@;iﬁi*’“ ggﬁ;giﬁﬁfm}
EHA 76.26+13.43 76.21+5.74 8.8542.97 21.64+3.66 62.49+11.80
TR 2 52.12£19.16 57.0149.93> 53.36+7.827 8.66+5.02% 138.66+38.98"
DSS I 7 4t 2H 3.2 71.18+7.84% 69.18+8.89" 23.34+9.21" 18.13+5.43" 75.07+20.21
DSS 17 4t 2H 6.4 58.16+10.68 70.32+8.04> 39.6117.66 19.90+6.88" 68.46+22.66
DSS 7 7 4t 2H 12.8 77.81+10.98> 71.12+5.70% 29.53+18.44" 21.91+5.80" 48.93+16.00"
AR R 2 73.18+10.98" 70.64+10.94% 28.50+18.86" 21.86+5.48” 75.34+8.97
e 2% 20 5%107 70.53+13.30" 68.35+11.66" 39.8249.78 17.49+9.32% 77.54+43.99

TE: 5IE %4 Y P<0.05,2 P<0.01; 54 H A Y P<0.05,% P<0.01( 3 3-£ 6 [])

A EH A BASTRIA]; C.DSS AR 1 41 ; D.DSS il i 41 ; E.DSS i Ml ik 41 FAE B AR & 4 G A S i 2 4 (B 2 R 3 ) )
El 1 DSSX APP/PSI/NERIBD CA1 R RABREL M A KR (EH B4, %30 000)
Fig. 1 Effect of DSS on synaptic ultrastructure plasticity in hippocampal CA1 region of APP/PS1 mice (TEM, x30 000)

3.3 DSSXf APP/PS1/NRATAI N ) )2 CaMK T 7 [
TR A S IR R, 5 R AL g AR R

0.10 mm e 0.10.mm DI0Mma o, s 0.10 mm
L . S T . o e

A B C

INERET A K2 )2 CaMK I3 (A 263A38 hn . SR
1,4 DSS TG, CaMK I 75 (4 F AR5, WL 2.

010mm |, b 0.10'mm ¢ 4 L 0.10 mm

B2 DSS3f APP/PSI/NERATEIM KR CaMK [l EARIEMFM (G411, x200)
Fig. 2 Effect of DSS on expression of CaMKII protein in prefrontal cortex of APP/PS1 mice (IHC,x200)

3.4 DSS X APP/PS1 /) [ fixi 4 41 BHB.LAC % &
MISZM 5 0EH 4l e AR A/ BRUG 41 21 v BHB
THERILGI R XM LAC & & W3 T M (P<
0.01) . A2 Ho4r , DSS 4% 7 & 41 BHB & & 1
W% JF# (P<0.01) , LAC & & 0| B & % (% (P<
0.01), W33,

3.5 DSSXf APP/PS1/PNEUKNZHZ Glu.Gln . GABA
SYP &AM 5 I8 41 b A R 4 /)N B 41 41
H1 SYP.Gln J¢ GABA 7 it 3 i ZF [ i (P<0.01) ,Glu
o TR (P<0.01), SRR AL, DSS & i
41 SYP.GIn & GABA ¥ # ¥ Bl | F+ & (P<0.05, P<
0.01),Glu 7 & W i 2 P (P<0.01) ., WLk 4.

3.6 DSS X APP/PS1 /) B i 2 41 GS .GLS .GAD .
GluAl.GluA2.CaMK [ mRNA Eikf#Em 5iF
B2 LR, AR ZH /N BRI 20 21 GS . GAD . GluA2

%* 3 DSSX APP/PS1/MNR 44 BHB.LAC S EM MM (x+s,
n=6)

Table 3 Effect of DSS on contents of BHB and LAC in brain
tissue of APP/PS1 mice (x¥+s,n=6) mmol-L"!
4151 M /gkg! BHB LAC
EH A 0.48+0.05 0.20:£0.04
LR 4] 0.46+0.05 0.35:0.02%
DSS AR &4l 3.2 0.73£0.04" 0.26:0.03"
DSS Hi &4l 6.4 0.92:0.09" 0.20+0.03"
DSS i i i 41 12.8 0.87:0.09% 0.23+0.04"
A TR AR £ 4 1.06+0.17% 0.20£0.07%
b A2 20 5%x107 0.91+0.13 0.17:0.02%

mRNA #3153 I F &A% (P<0.01), 1 GLS.GluAl.

CaMK I mRNA % & W] & F+ /& (P<0.05, P<0.01) .

S5ELR A H#, DSS 4% 57l & 41 GS.GAD } GluA2
. 5 .
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£ 4 DSSXAPP/PS1/MNREAL Glu.GIn.GABA K. SYP & BB &M (X+s,n=6)
Table 4 Effect of DSS on contents of Glu, Gln, GABA and SYP in brain tissue of APP/PS1 mice (x+s,n=6) ng-L"
215 il /gkg! Glu Gln GABA SYP

E#A 129.21+11.16 91.59+7.83 130.46+6.87 67.45+3.46
R 20 169.83425.03% 70.28+4.62% 97.93+5.21% 52.31+5.78
DSS ik #4H 3.2 121.82+13.50" 83.84+8.94% 118.51+5.88" 61.48+3.80%
DSS | 41 6.4 97.35+15.25% 86.95+9.71% 120.66+6.40" 62.72+5.20
DSS il w41 12.8 112.81+14.66 82.55+11.59% 114.52+5.92Y 63.80+6.18%
EN ey 121.49+12.18% 85.11+4.80 114.83+3.42Y 58.17+7.32
il s 20 5x107 124.52+12.08% 89.0249.33% 126.62+7.91% 68.42+5.68"

mRNA R BT &, ZRA S5 8 X (P<
0.05,P<0.01),GLS.CaMK Il }2 GluA1 mRNA 3 ik

£ 5 DSSX APP/PS1/MNREALR GS.GLS.GAD.GluA1.GluA2,CaMK Il mRNA &i%x

) AR, 252 A ST L (P<0.05,P<0.01) .
D—IL% 50

80 (X+s,n=3)

Table 5 Effect of DSS on expression of GS, GLS, GAD, GluA1l, GluA2 and CaMK [l mRNA in brain tissue of APP/PS1 mice (x+s,n=3)

21 51 il /g-kg! GS GLS GAD GluAl GluA2 CaMK I
el 1.130.10 0.89+0.03 1.11£0.09 0.87+0.12 1.0240.19 0.78+0.08
R 0.65+0.11% 1.14+0.10% 0.60+0.11% 1.12+0.17" 0.62+0.10% 1.09+0.13%
DSS {I% 5 & 41 3.2 1.01£0.14 0.85+0.10% 1.08+0.19% 0.90+0.07% 0.91+0.06% 0.81+0.10"
DSS A it 4 6.4 0.95:+0.12% 0.84:+0.09% 1.05+0.25 0.81+0.12% 0.98+0.19% 0.77+0.05"
DSS = ) it 41 12.8 0.99:0.14% 0.81+0.12% 1.06+0.24% 0.85+0.06" 0.95+0.20% 0.80+0.13"
A TR AR R 21 0.83+0.24 0.74+0.08" 1.00+0.35 0.77+0.09* 0.98+0.10 0.76+0.08"
b A A s 21 5x107 0.93+0.19% 0.75+0.10% 0.99+0.06% 0.78+0.07" 1.01£0.08" 0.60£0.12%

3.7 DSS X% APP/PS1 /) R i 5 GS. GLS. GAD.,
GluA1.GluA2 IR 5IEH 4 i, &%
R /N RO S 41 20 GS .GAD \GluA2 F H £ ik 1
W i B A (P<0.05,P<0.01),GLS 5 GluA 1 & 1 # 1k

#* 6 DSSXf APP/PS1/MNRiED GS.GLS.GAD.GluA1.GluA2 EHEKIX

B 2 TH 5 (P<0.05,P<0.01) . SHRIZH H4s , DSS %
F B 41 GS.GAD & GluA2 & H £k B F &5 (P<
0.05,P<0.01),GLS 5 GluA1 # 1 2 35 W B 2 I
(P<0.01)., W.3Fk6.K 3,

Y8 (x+s,n=3)

Table 6 Effect of DSS on expression of GS, GLS, GAD, GluA1l and GluA2 in hippocampus of APP/PS1 mice (x+s,n=3)

21 5 e /gke! GS/a-tubulin GLS/a-tubulin GAD/a-tubulin GluA 1/a-tubulin GluA2/a-tubulin

EH 4 1.000.00 1.00:£0.00 1.000.00 1.000.00 1.000.00

70 2] 0.48+0.14% 1.35+0.12" 0.81+0.03" 1.73+0.13% 0.31+0.15%
DSS fIE 5 i 41 3.2 0.77+0.08% 0.80+0.17" 1.12+0.05" 0.89+0.08" 0.94+0.29"
DSS Al i 4L 6.4 0.78+0.19% 0.87+0.12" 1.14+0.07" 1.05+0.26" 1.41+0.28"
DSS i 7 i 41 12.8 0.78+0.14% 0.78+0.19" 1.13+0.11" 1.22+0.21Y 1.26+0.19"
A TR £ 4 0.72+0.21 0.90+0.26" 1.24+0.14" 1.17+0.18" 1.16+0.35%
b r 2 20 5x10° 0.82+0.22% 0.92+0.12" 1.16+0.12" 1.16+0.18" 0.93+0.09%

4 itig JIE 2 At dzs D) KPR AN AT AR R L R I S . IR B

AD J& R 2 T R T B, O 7R i

G HF B AR OGS B A BIL A AR R AR S

ATE B 98 O A% 0 - BT AN 2 DT K IR D AR JE 2

HE 5 TP AR AL A5 | R R ek, AH EL R A L B S O A

S A o T D) I A AN R SRS, 5 BEL G 2%
. 6 .

G5, N T 4%, AT IR B A, B B
ThL KRBTSR SALR R D A e A e TR 2 K
AT o IR DUK A S IBE W) BT 4 2 2 U AT 24
EEAL . A7 LU IS AT 259 i AT LA
POE LR HAR FEEEEBR UMK ZE, &
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B3 &AMRIEDGIuAL.GluA2.GLS.GAD.GS & A Rkl ik
Fig. 3 Electrophoresis of GluAl, GluA2, GLS, GAD and GS

protein expression in hippocampus of mice

R I i N LN 11 S T i I W 170
WAk W BRAS T I 5 A5 R LT &

24 LRI 5% 32 B DSS A 8 5 40 A 1l i 7 A i A]
IR R R A B R R G LR AR AR R A L Ak
N ABUTFLAE 2 WE5% & B, DSS Al B AR = iR
] P 1 i A Y /N B i 7K -, B A 38 T 2 T A AR
JH 77412 3 WU R o 52 1A 32 38 eS8 W RS /) BRUAG 1Y
[ B ZAHCPL L R U B AR N R AT
T T I3 2R AR ) RE A IR 4R TR I, B3R I 1L
BRE Y L AR B g 45 ok, APP/PST /N B
BHB JCHH B A8 ki LAC & 1, 3¢ B S (b B iR fb 1
FEAZ 0, IF B R B B AR A2 A M S 38 . DSS T
Fif5 ,BHB 3% b FFilii LAC R MK, #1271 AE 2 14 A
KOBEA T EYnFE, B MOBE I A 32 5 5% 1) A S0 1E
X — T G PR Ao AR DA AR 2R B R A% s, SRT A ik 20 21
P AL T it 22 A0 1) e OB AR R

PR AR S e e AR A IS, L 2 5 X% A Pk ph &
A SR AR . /N A R L R A A
FRR e 35 R (MCT) 855 168 1M i 5 B3, 6 Ao 28 o 2 R 44
W 28 =R B G I8 S Ak ™ AR K = B R AR 1T (ATP)
P 5 e i AR 5 O — T 1 AR A AR 3G, AR iE BB
JE S5t 44 L 6% M4 20 2 i 3k GS #2464 Gln, Gln B B
FE OB M 2 oo B I, 38 i GLS 554k R & & iz , 1l
i A R I R A N GABA /b 5 fih 5] B 4 G PR
WP I % Pk 22 B

il {4 7R AT 4 ) AMPAR 52 1A 5 (1 45 24 R # 48
B M, B v 28 ol T 9B M R 22 )0 RE . KN
FEPAT 2 2 DI AT 55 B, B 28 I 2% Ak 1 5 fioh ] 93 44
IE R, 2 X 58 ol n B HEAT R R R B
X % IR B At 20 5k b o 21 2 3 ok ™ A A o 28 Mk S
X A& %W 5 1 B 52 & AMPAR 0 5 & % S2 3 19 .
AMPAR %A 2 Bk GluA1/GluA2, 24 4+ & 1R il

T, AMPAR 2375 % Ca™ N Ui , 47 28 fil 185 5 775
ZE Ml T SE Y S W ST R B AR A AR A AT R[]
grial (45 GluA 1) S HAh 28 fill J5 25 (1 Rk i >, JF
Al /b AMPAR % 3k ;B R kb 52 BE H B I
AMPAR, Bl W7 GluA 1 [R] 5 {4 24 36 0l 48 JC A7 157
AD R T fE 5 AR A fE i RN AN R A 2R HE
5, b A R B AR e T B
XF 58 fil J5 M 28 o0 7 AR AT PEREME L B AD R AR R
RIEH)—A KN E ., AL R BN, DSSTHES
AR I R g R, 5 4T SR -AMPAR 3 I 4l - G B 3R
T [ 20 B, RO S AE AR R A 5K Bl
% R A 1) PRI AR AL B FE G

ARG R AL a7 N HEAT T 900, 2 BRI IR 55 3%
F R WAL b R 3R AL, R R,
DSS £ 5| 42 2H ¥ 7] 2e 3% APP/PS1 /)L 2% > iCAZ RE )
5o fhon] M, B DU ) o 2 A0CR B . DSSUIRHI
HACR BRI, e T AR 2k Y B -R0O8 R
55X 1w PR R . 2RO AR — A 0 B KT
{ELERF, 285007 i 790 2 18 o 1 5% 5 A S (ES , vT BE A
AR Bl 45 Uk G358 HK T W) 4R AR 25, 5 BO8OCR 55
SHEACE B . X 4R s v 2l 5 S e R R
LR 27 10 FH 5 00 G B 590 £ 3 L

AWFSE ) T DSS 15 S 1Y B AR A R
HAh & R VR JUAAERS & B2 5 o DSSEH]
4 06 5 V1 TE] R Y 1 R IESE . DSSAEN 2 4k 57,
HCAON 7T Be W e Z2 80 5 R I AR AR Bl o 2
— o KR AE DSS T 1911 [ B 4 S 1 400 ) Ak A
BB 6 UE b BEPE A 3 PR OC R R OC
IR

g5 b TR, DSS WU N FBE AT 1 /R ], 5 4R
T i P 44 7K - | T A R A RS X R 4 i i It
VL R 280 0L AH A BE L O T R 5 AR W R &
% -AMPAR #fi 2838 A7 ¢ o ASF 5% B DSS 1Y
P2 QR AV SR T G A AR a0 5 I R A

[(FIzEMzR] AXRAEAATHBFE.

[&E k]

[1] KCIUK M, KRUCZKOWSKA W, GALEZIEWSKA J, et al.
Alzheimer's disease as type 3 diabetes: Understanding the link
and implications[ J]. Int J Mol Sci,2024,25(22):11955.

[2] SIGHENCEA M G, POPESCU R STEFANIA , TRIFU S C.
From fundamentals to innovation in Alzheimer's disease:
Molecular findings and revolutionary therapies[J]. Int J Mol
Sci,2024,25(22):12311.

[3] SONGJ,YANG X,ZHANG M, et al. Glutamate metabolism

7.



XX B XX W
XXXX 4 XX A

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. XX ,No. XX
XX, XXXX

[7]

[10]

[13]

[14]

[15]

[16]

in mitochondria is closely related to Alzheimer's disease[J]. J
Alzheimers Dis,2021,84(2):557-578.

DILMORE A H, MARTINO C,NETH B J, et al. Effects of a
ketogenic and low-fat diet on the human metabolome,
microbiome, and foodome in adults at risk for Alzheimer's
disease[ J|. Alzheimers Dement,2023,19(11):4805-4816.
CHINNA-MEYYAPPAN A, GOMES F A,KONING E, et al.
Effects of the ketogenic diet on cognition: A systematic review
[J]. Nutr Neurosci,2023,26(12): 1258-1278.

XU Y, JIANG C, WU 7, et al. Ketogenic diet ameliorates
cognitive impairment and neuroinflammation in a mouse
model of Alzheimer's disease[J]. CNS Neurosci Ther, 2022,
28(4):580-592.

CUNNANE S C, TRUSHINA E, MORLAND C, et al. Brain
energy rescue: An emerging therapeutic concept for
neurodegenerative disorders of ageing [J].
Discov,2020,19(9) :609-633.

RUAN Y, CHEN L, SHE D, et al. Ketogenic diet for

Nat Rev Drug

epilepsy: An overview of systematic review and meta-analysis
[J]. Eur J Clin Nutr,2022,76(9) : 1234-1244.

HERSANT H, GROSSBERG G. The ketogenic diet and
Alzheimer's disease [J]. J Nutr Health Aging, 2022, 26(6) :
606-614.

MAJIDAZAR R, REZAZADEH-GAVGANI E, SADIGH-
ETEGHAD S, et al. Pharmacotherapy of Alzheimer's disease:
An overview of systematic reviews[J]. Eur J Clin Pharmacol,
2022,78(10):1567-1587.

FU X, LIU Q, SUN X, et al. Research advances in the
treatment of Alzheimer's disease with polysaccharides of
Danggui-Shaoyao-San [J]. J Alzheimers Dis, 2022, 85 (1) :
7-19.

KIM K H, GO H Y, LEE J A, et al. The effect of
Dangguijagyag-san on mild cognitive impairment[ J]. J Altern
Complement Med,2016,22(7):509-514.

KIM Y, CHO S H. Danggui-Shaoyao-San for dementia: A
PRISMA-compliant systematic review and meta-analysis[J].
Medicine (Baltimore),2020,99(4) :e18507.

MATSUOKA T,NARUMOTO J, SHIBATA K, et al. (2012).
Effect of toki-shakuyaku-san on regional cerebral blood flow
in patients with mild cognitive impairment and Alzheimer's
disease[J]. Evid Based Complement Alternat Med, 2012, doi:
10. 1155/2012/245091.

WH S, W TR K, 4% . 18F-FDG &5 18F-DPA-714 Micro
PET/CT S A8 7 A A= T A EL 3R 7 Bl JR 2 T8 3R /1> B i 1R
W w2 AR (V] b [ BE 22 AR 22 Ak K, 2024, 32(5) ¢
431-438.

HUANG Y H,ZENG X Y,CHEN F,et al. Evaluation of brain
metabolism and neuroinflammation in mice with Alzheimer's
disease treated by ketogenic diet by 18F-FDG and 18F-DPA-
714 Micro PET/CT[J]. Chin J Med Imaging, 2024, 32(5) :
431-438.

PAIZS M, TORTAROLO M, BENDOTTI C, et al

[21]

[22]

[23]

Talampanel reduces the level of motoneuronal calcium in

transgenic ~ mutant SODI  mice only if applied
presymptomatically [J]. Amyotroph Lateral Scler, 2011, 12
(5):340-344.
PATAI R, PAIZS M, TORTAROLO M, et al
Presymptomatically applied AMPA receptor antagonist prevents
calcium increase in vulnerable type of motor axon terminals of
mice modeling amyotrophic lateral sclerosis [J]. Biochim
Biophys Acta Mol Basis Dis,2017,1863(7):1739-1748.
W], TR SR AF LR TGRS A L RN I L R
o B 2R it RO o R L LT ] A o R 222 41, 2023, 38
(2):61-65.

LIJM,MAY Y,ZHANG B, et al. Etiology and pathogenesis
of Alzheimer's disease based on theory of "warming and
tonifying spleen and kidney" in Yanzhao medicine[J]. Hebei
J Tradit Chin Med,2023,38(2):6-10.

MR S, HAKTE A5 . S VAT 25 B TR PR T B
e SR [T]. i [ 259 55, 2025, 50(22) : 6215-6226.
SUN C X,HAN X Y, XIAO Y T, et al. Research progress on
the prevention and treatment of Alzheimer's disease with
Danggui Shaoyao San[J]. China J Chin Mater Med, 2025, 50
(22):6215-6226.

FIR KR AN R R R BT R R T
AD R RAE BTSR[], 9258 5 ) 2 2R 3K, 2022,
28(17):180-187.

WANG H P, MI C Y, ZHOU J. Intervention of Hei
Xiaoyaosan in Alzheimer's disease immune inflammation
based on liver-kidney homology [J]. Chin J Exp Tradit Med
Form,2022,28(17):180-187.

RELR VP R, X TF I, 55 . v B 24 981 42 5 fsh v 90 1 o o
IR B BR M B AL g (0]. i B R 2, 2025, 20(6) -
1011-1019.

XUHC,XUY M,LIU S Y, et al. Mechanism of traditional
Chinese medicine in intervening in Alzheimer's disease by
regulating synaptic plasticity [J]. World Chin Med, 2025, 20
(6):1011-1019.

5 S, SR IR, 47 300, % . 3T RhoA/ROCK/NF-xB {5 %5
AR T 2 UA AT 25 8O db/db s BUR IR AL L],
SCOU J7 R % 4% A, 2025, doi: 10. 13422/, cnki. syfjx.
20260704.

HOU L Y,ZHANG Y Y, SHI W J, et al. Exploring the renal
protective mechanism of Danggui Shaoyaosan in db/db mice
based on the RhoA/ROCK/NF- kB signaling pathway [J].
Chin J Exp Tradit Med Form, doi: 10. 13422/j. cnki. syfjx.
20260704.

T BRSNS, AR S IAAT 25 O TR R B AR
5 B /N B R B A U AL B S D). P 25 25 B 5 R
JR,2025,41(11):2-9.

DING H X, CHEN X R, LUO B J, et al. Mechanisms of
different dosage forms of Danggui Shaoyao powder in

ameliorating scopolamine-induced cognitive impairment in

mice [J]. Pharmacol Clin Chin Mater Med, 2025, 41 (11) :



XX B XX W
XXXX 4 XX A

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. XX ,No. XX
XX, XXXX

[24]

[25]

[28]

2-9.

HUANG J, WANG X, XIE L, et al. Extract of Danggui-
Shaoyao-San ameliorates cognition deficits by regulating
DHA metabolism in APP/PS1 mice [J]. J Ethnopharmacol,
2020,253:112673.

SHI J J, LIU H F, HU T, et al. Danggui-Shaoyao-San
improves cognitive impairment through inhibiting O-GlcNAc-
modification of estrogen a receptor in female db/db mice[J].
J Ethnopharmacol,2021,281:114562.

Tk, B, AR AR I, A5 . AT TG B B A X 2 B
PR AR D Al B A G A MU 1 T 9 Al 5 A8 14 £ T AL
L] S8R T 24 A0, 2025,31(15) :38-47
XUYL,LIL,ZOU J J, et al. Danggui Shaoyaosan combined
with Yinchenhaotang regulates lipid metabolism to ameliorate
type 2 diabetes mellitus complicated with metabolic
dysfunction-associated steatotic liver disease[J]. Chin J Exp
Tradit Med Form,2025,31(15):38-47.

XU Y J, MEI Y, SHI X Q, et al. Albiflorin ameliorates
memory deficits in APP/PS1 transgenic mice via ameliorating
mitochondrial dysfunction [J]. Brain Res, 2019, 1719:

113-123.
ZHU W L, ZHENG J Y, CAT W W, et al. Ligustilide

[29]

[31]

improves aging-induced memory deficit by regulating
mitochondrial related inflammation in SAMP8 mice [J].
Aging,2020,12(4):3175-3189.

CHUNG J Y, KIM O Y, SONG J. Role of ketone bodies in
insulin  resistance,

diabetes-induced dementia: Sirtuins,

synaptic  plasticity, mitochondrial  dysfunction, and
neurotransmitter[ J . Nutr Rev,2022,80(4):774-785.
DYNKA D, KOWALCZE K, PAZIEWSKA A. The role of
ketogenic diet in the treatment of neurological diseases[J].
Nutrients,2022,14(23) :5003.

FADO R, MOLINS A, ROJAS R, et al. Feeding the brain:
Effect of nutrients on cognition, synaptic function, and AMPA
receptors[ J]. Nutrients, 2022,14(19):4137.

HERNANDEZ A R, HERNANDEZ C M, TRUCKENBROD
L M, et al. Age and ketogenic diet have dissociable effects on
synapse-related gene expression between hippocampal
subregions[ J . Front Aging Neurosci,2019,11:239.
AUGUSTIN K, KHABBUSH A, WILLIAMS S, et al.
Mechanisms of action for the medium-chain triglyceride
ketogenic diet in neurological and metabolic disorders [J].
Lancet Neurol,2018,17(1) :84-93.

[EZEHmE Bokik]



