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O E: B WMRESEEEHAST R ZEER (AD) BN R ZBER (Ach) A1 ZBEIEARERES (AchE)
K BB ZHEAH AchE FI ZBERHBSEE B (ChAT) EEARIAMFEW, ZAMMAES AT ERNSE. ik DAREVH
STRRAE . MR ARV EMALA . MERA. ST EBUKIRRAN R ST EBMAA, §4H 15 H. BReRas, X
R ip D-FFME (D-gal) 1 NaNO, il & AD /MR, 4300 ig ZE0RK. AR MR R R, ESIE S HOKSRRAN 5
S EBUEL 6 o RAKRELIHATITNFELE, BRIl E 443 Ach T AchE /K°F; HE ZL 6 E g2 o
CAl XNz Z KRBTSR AU e OB I D CAL XA EM ChAT. AchE BEHFEIL. AR SHMALLE, 5%
Z s EBURFLAL/N R 2% 202 88 T B AR 1 (P<<0.05), IZHZRH Ach /KB & FH & (P<<0.01), AchE 7KFHE &K (P<<0.01),
5 CAl XFIRZ R SR R 5, ChAT BB A FIMERIAHE B (P<<0.01), AchE &EEHAPHMHERIAHE T (P<
0.01), #5it WHEERMIALED ER/NRIED CA1 XFEZEH ChAT FIEAIH] AchE FiA T AT AD 1EH.
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Dangshen Yuanzhi Powder microemulsion attenuates learning and memory
impairment in Alzheimer’s disease model mice

YANG Li-xia, ZHAO Jing, WANG Shan, WANG Jia-min, WANG Ying-li
School of Pharmaceutical and Food Engineering, Shanxi University of Chinese Medicine, Jinzhong 030619, China

Abstract: Objective To observe the effects of Dangshen Yuanzhi Powder microemulsion on protein expression of AchE and ChAT,
and the contents of Ach and AchE in brain tissue of Alzheimer’s disease model mice and analyze its mechanism based on cholinergic
theory. Methods Mice were divided into control group, model group, BME group, Piracetam group, water extractant group and
microemulsion extractant group, with 15 mice in each group. Alzheimer’s disease mice model was established by intraperitoneal
injection with D-gal and NaNO,. Meanwhile, each group was given by gavage for six weeks with distilled water, BME, Piracetam
tablets, water extractant and microemulsion extractant. Water maze was used to conduct behavior study. Contents of Ach and AchE in
brain tissue were also measured. HE staining was used to observe pathological changes and IHC staining was used to detect expression
of AchE and ChAT in hippocampal CA1 region and cerebral cortex of mice. Results Compared with the model group, learning and
memory abilities of mice were significantly improved (P < 0.05), content of Ach was significantly improved (P < 0.01), content of
AchE was significantly decreased (P < 0.01), pathological changes of hippocampal CA1 region and cerebral cortex were improved,
AChE expression was significantly downregulated (P < 0.01), and ChAT expression was markedly upregulated (P < 0.01) in
microemulsion extractant group. Conclusion Dangshen Yuanzhi Powder microemulsion can control the progression of Alzheimer’s
disease by upregulating ChAT expression and inhibiting AChE expression in hippocampal CA1 region and cerebral cortex of mice.
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Rl /R K IEERI (Alzheimer’s disease, AD) &%
ENE WM AT ERIT R, JHER
A VR EME R B, ERTERE, AR ZEE HA
A, PR A REB E N EN . EERIUAIA KR
IZIREARBEEAL, HH A TR T R 3
JRERHE R M A IR 4ES%E (neurofibrillary tangles,
NFTs)\ M TR ZE I8 R T R RRaT 55 ik
FHZE 2 458 () NE AR REA 8 JE ) B S IR IS I B AR )
SR, 1% P EBAE R ST RER G 2 SIS AD I E
FNEK, WHEH T “ARmAE 2 Y.

WERHIEE. NS, IRE, AEH. WE S
MR ZGAL R, R mPR EIR TR . SR
IRWIERI A ROT ), BRI 0T (ERFE s —/\
ZNAREETTY, BradEu s YRR, A0, 5R
N E”, ERANTTA BIRITE L BB K4
Tk, BARSIFFB 0N AR5
Ti A B ANS BN S, WS AT, B
FENRACIZ IR PR SR Ak s v L
(biocompatible microemulsion, BME) #ZH{ S it
HEETT, Gl YA SR EEEL (LT
fRTFR 3 S 18 B B » W] LA ROG A [RIAR P 254
JRAT RS, AR R MRS, A S
GFHIEST RCR . ALY RA ip D-FHBE (D-gaD)
1 NaNO, #ill % AD /NRBEHIP), @il W85 S &
O TS N S N = = R L=
(acetylcholinesterase, AchE) F1 Z, B iH Bk #% 7%
(acetylcholine transferase, ChAT) FiE[FMH, M
JELBR I B AR 1) 56 B 18 AL AD R/ B 2
AL IG5 A B
1w
1.1 SR

SPF 2% ICR /MR, 90 X, MERER-, fATTR (20£2)
g, W HgTE/R- LI SRS YA RA A, sE
B3P E AIE S 20130016008383, ¥ ATHIE5 SCXK
(YD 2013-0016, £ LTl LR AN VIR Coks 4
B AU T T S S PR SRR A I AE 1L PG
B2 2 Ko B e PR s fib e R b4, bSO
2019LL136.

1.2 5

mdE ('S 130823060) 1 A 2 E 7 R o 24
WHARAFR: ¥HE Git's 1801002). A &7 (it
T 1512001, 5% (5 1611001, 8% (5
1611001) 0 B b R AL A R A 7], Zalipid

PR 2 K538 8 MR B e ¥R (R EZH) 2015
SERCILE IE & BREEAR (HkS5 170700 W HILH 2
RAEDRHERDARAA HHIE (S
20181108001 4 H i/ B B A ARG R AF]; &
A CHEALERRIH CO-40 (Hit5 512882) i H [
BT R AR PHMERE (A5 D1813151) 14 H gk
P T AR A AR AE . PGSR Rl it
5 Y20J8840186) 1 H L ifgJa AR A BR A 5
D-gal ({It'5 20141212) W H KETEE R4 T
WEFCHT; NaNO, (b5 20160518) 4 H KETH KK
WTaess) s R (kS 6180308) 14 H AL
TR — I 25 R A\ B Ach ELISA KIT.
f AchE ELISA KIT (#t*53°4 201902) & H Liff
ZRSIOVAR AR ; BA0596 ChAT (L5 38244).
BA0600-1AchE (L5 520538). “E§if IgG-Biotin
(#It5 13K02A).AR1022 Z A7 (HL5 14A18B22).
KVEPER R (S 4B16B18). #HEdiibsE (it
5 14CO1A81) ¥ A 1 L4 R A F] .
1.3 {435

Thermo UHPLC-Q Exactive Focus &5 B FH 1%,
Thermo Fisher Scientific; LEICACM1950 4 H %1
A HL. ASP300 4= HEhH LKL EG1150 444,
HEHL, 18H Leica AF]; OLYMPUSDPSO 2 fil%% ,
H A SR L L R 2 4E s DNM-9602 fifhrd, Jb
HE AR ERAF; JLBehv-MWMM Morris,
R EERARHEARAR; MX-S BAG JbE
RFEERBAR AT JA5003 73Hr KT, EiEskT
1H RS PR A s RCT F AT Hg F3 #
2%, E IKA AF; HH-2 KB, SIETARK
A PRA A
2 ik
2.1 EYEEMEMEEHIE

SR SCHR TN e g e AR A L
22 HEBREMEHFEHRE

BB E 12 . IRE 15¢. AETH 18 g.
TOE 12 g W5 9 g B ML IR (R E 2588 ) 2015
SRR — e BT T MR, i — ST AL
U2, F] 8 BRI 3 R, 4K 30 min, JEIL,
EIFIEM, 85 CHYEZE 043 g/mL, 1350ZimElk
IKIE (BTG e Sm RO & H
3,6-IF TIREENE . PUERER . SRR/ NEERR.
R BUIERESERR ). [FIRER 29 M it — 50,
FHRIE B 2.3 mL/g I A VIAH 25 M S 7L B 69290 24 h
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J&, 37 CIEIRBHE, 155N S0 SR
CHHT% 20 E RO LR BOR & A R s 177, VR
JR 53 W B AT AR B R R B EE 1 7 v, s it —
AT AL ) .
23 4. EES54Y

WREFE LG, N EBENL A R A5
RIH . VMM, R, wSmER
KIS e Sm EEIFLAH, A 15 K, M
A, SR/ ip A2 FEER/K 10 mL/kg, HAHY ip
D-gal 120 mg/kg & NaNO, 54 mg/kg, [F]f% 6 h )5,
SHEZ ig 288K 10 mL/kg, EVIMHEMEMAA ig
AV 10 mL/kg, W RE4L ig i A
0.63 glkg, WS ILEHUKIZIRA ig 56218 EHUKHE
7 8.58 glkg MM TAEZM =, M4 TR MR
ERONED, WS EHIMILA ig WS EHMA
8.58 gikg (FHYTAZME), Hr4L6 .
2.4 Morris 7KK E 521G

208 SCHR 7 iR AT R AT 9256 R 4 AR
RN . HoA BT SEG Il S d, BN R
)Y EE S AN 4 N AR STBON K & 1R, il H
SR BB IRAE K R & i R, BP e @B R
2 (AR R LI R AE B M NUAT R G &, RiE
1 AN NN KB, 303N R 60 s INTE
JEF 6 5 BRAS RS (R s T A2 J5OF 2 B, B8N
BN ST S e 2 .
2.5 fX4E4Arh Ach F1 AchE 7K E

TN GREER 24 h G, BYIFEHLE 10 R/~
B, i, UK EPUE B ZH Y (BR 2D, FH I
AR KB, JEA T TR R, AR
ERIKHI AL 10% MM H 515, RIREOHL 3 500
r/min B§.0> 10 min, B EIEW, %M ELISA {556
VLA RS, IOFE, IRE, YRE, Il Zab, I
i, THE/NRINALZR S KA Ach & AchE 7K
2.6 BEXMEEREME K AchE 1 ChAT EH
PR FRIE

TSR R 24 h G, AL S R/,
e AR B SR KER B IFIEE E, FH 4%2 R
W e, BN E, B R
ANZ R E R E 2. Feseih, WEREE
PHES A, Bk, EH. B, G, YA, #
IIAKG- R Yettih (HE) Wgeth, JeBais i
LXK R R Z B o d% s U e i ik
(THC) #Mgets, St mgEme, i,

2.7 GtERE

i SPSS 19.0 eit A idkA7 404, T EEdE
X +s5 %o, ZHMCECRHBREZE T Z 00, H
[E] P P B R ) LSD A4
3 #R
3.1 Morris KX S LG5 R

SERLMUATSEEG Y, AT 2 FRIZR 25 2H /) Bk ek
WARIATEZE 5 . B 3 RUINZRITUS, SXIRALLLEL,
HEETR SF A A AH 2 P AL 2E /)N BRI B AR A 9 S 4
o (P<<0.05. 0.01). 5RBRALLE, #4224/
R PR T T R S B R 4, AR 3 RN i &
FRELA AN S izt 25 Bl 28 /) BRI JRE 785 R 3 I 2 4 7
(P<<0.05). 5% 4 K UINZRH i 52 Fe 2 /) B DB BT AR 0
BB46% (P<0.05). 2 5 KI5k FEALFN 3
76 A UL 2 /0 SRR B B AR B I B 4 0 (P<
0.01), 35t HEHOKFEMLE /N R IJ6 BV AR 0 S 4
fH(P<0.05). SR 1.

AR LI, SRR, BN R
5 2RI RE TR R I, RIS 6 i ER
PR B Bf ) 2B 5T & IR B B b (P<
0.01), A=W AR /N B 5 805 ~F & 1 A
B> (P<0.01). SHERIA LA, i B AL R
FETERRERANFHEEE (P<0.0D), %
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A-XHE B CAMMANEMA D-WER ESisiid
BOKIRH P2 s, SHsdlei: "P<0.05 “P<
0.01; SHMAE. “P<0.05 ““P<0.01, E2[[

A-control group B-model group C-BME group D-Piracetam
group E-Dangshen Yuanzhi Powder water extract F-Dangshen

Yuanzhi Powder microemulsion, P <005 P <001 vs control

group; “P<0.05 ““P<0.01 vs model group, same as figure 2

B 1 RETEHMIN AD REN R pbE AR
(x*£s,n=10)

Fig. 1 Effects of Dangshen Yuanzhi Powder microemulsion
on escape latency of Alzheimer’s disease model mice ( X *s,
n=10)
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178 EHUK IR RN 3 2 B LA /D RAE R T &
FE GBS R TR BRI 2 (P<<0.05). S8 L
B M RHAN T2 EHUKSEE N R R &
MBI TG 5 L, S Im ST N R 2
ERFEE S IR 2 (P<0.05); SRR
B, eSS USRI 2 THEFR AT
GUER G SRSEEBUKIRRAE, HSnE
BMALA 2 THRAR BTG o SRIRas R K
B ¥ 2ot B PL P A S 4 AD ASEER /N R 112 2
10128877 L 2,
3.2 /IEANBLES Ach 1 AchE K EMIK 4R
SRR L, AR AR AR WA 2 A L 4L N
R H Ach /KPR R (P<0.01), AchE
KTFIHETE (P<0.01). SHERIHE, W
. S & BUK BRI AL L2 /N BRI 4L 2

20 A
15

2 “NW E
= o \ -
ot ANl E
N
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N = § -
A NN E
N n
A N M E
0 T (=) & :
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2 RELEHHEI AD 22

Ach PRI (P<0.01); SR, N
8 RELH AN 58 2z S B AL AL /N BRI ZH 23 AchE 7K
PR R R (P<0.01), 56 S i A HUKIEE 4L AchE
KPA TG 2 L. S E B, %5
EBUKIRRA /N R ZH AchE KV E T
(P<0.01), {§155% iz EHUK S/ R 414
Ach KPR BT 5 5% S EBUKIRTA L,
SIS BN R 2 AchE KCFRHE R
F (P<0.0D). SEIGZEREKY, WS EHUKIRR
Al E SR AD BLAUN RN Ach KF, HA
AE 3 FRK AchE 7K°F, 36 20m A B T i3
Perm AD BRI Z3F Ach ZKF, [R5 F%
ik AchE 7K, U605 S0 3 UL ol i i A%/
UL ZR R AchE [7K-F 4=y Ach 7K1 455800
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Fig. 2 Effects of Dangshen Yuanzhi Powder microemulsion on spatial probe test in AD model mice ( x £s, n =10)

#£1 HENRIKLELF Ach F1 AchE 7KE (X £5, n=10)
Table 1 Ach and AchE level in brain tissue of mice in each group ( X *s, n=10)

Ach/(pmol-L™")

AchE/(nmol-L™")

768.24+35.54

238.03113.46

ikl JrilES
it i —
LAY —
AR 10 mLkg ™
i 52 R 0.63 gkg™
TSR EBUK IR 8.58 gkg !
B S UL 8.58 gkg!

552.65+38.33"
603.031+36.07""
760.24 +54.46°"
805.82+£29.71°"
749.26 +57.92°"

300.45+24.13"
308.40+35.51"
246.92+26.01""
298.54+12.8344
259.57420.90°%

LSt TP<0.01: SEAIKE: “4P<001: ShEEHEARE: *4P<001: SEZmEEUKIBRAEE: "P<0.01

P <0.01 vs control group; 24P < 0.01 vs model group; 4P < 0.01 vs Piracetam group; P < 0.01 vs water extractant group

33 IEIBDANEBRIENE

5%t IR e, AR AL /NRIE D CAL XA T
JEIREAL, AN, PPEICESE, KB AEE
Ay AR A AL/ B S A &0 2 KD,
EWEMER; RS ERUKSRRA DN Rig D

TCHEB AN LR, FPAEM 2 e 24 . SRR LS,
565 3% 35 UL LN i R E AL SR A 48 T R U
2, RBN, FEOES, B SR M R GE .
SRR, BRI ARV AL AR S
2L 5 HIOK SR/ BROK i B 2 1 228 e il RN
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&K, MEICEYE, BRRIMIGA:. SEIRA A,
T 2 178 76 UL ZELRT i 2 R 2L /0N BR K B J2 4t A6
JER IR BT, A [ TR, o R R B R K
iR 3.
34 NRBD CAl1 XFIEE AchE. ChAT EHFH
FRHIEEL 3 5KV F, 1E 40 X 10 540 EF R AL
B3 MIEFIAIE, SRS Imagepro plus AT B4
IYRTARALFE, 105796 5 CAT XN R J2 1 BH P 5
xR b, IR AR AR AR 2 AL 4L/ R
5 CAl XFNZ)Z AchE FAVEAMME B 2 (P<

0.01), ChAT FHMEANAREH B> (P<0.01). 51
R LU, 29T T4/ RIS CA1 XRIEZJZ AchE
FH 20 B 500 Rk (P<<0.01), ChAT BEIWIHH@%Z
R Z (P<0.01). 5MRFEALE, wSmERk
IKIEMAH /N2 AchE FIVEAAREA B3 2 (P<
0.01), ESmEEBIMILAIZ AchE PHHELI A
B (P<0.01), CAL XA Z ChAT FHMA:4H %L
HEHZ (P<0.01). 55EZmEBUKIRRALLE,

WS ERUMFLA/NRZJE AchE BHM:4H £ 2
J/b (P<<0.01), CA1 XA Z ChAT BHA%: 4 i %o
BEZ (P<0.01). 455 LK 4~6.

X T EIRH A AL

Jibi 52 B B

EFUK I Wk U (e
i Sk PR M TR 4R

the arrows show neuronal atrophy

E3 BENEED CAl KMAMEEHRERSFEHRE (HE, X400)
Fig.3 Pathomorphology changes of hippocampal CA1 and cerebral cortex in mice (HE, x 400)

AR B

4 g

Hh S B SR UL B R BE S 2 AD (R R,
B EEAERE, BOVEER, EERE, WK,
itz gl S nsmEihEs. @k 4

WS EBUKIEH Kk sum (e

i3 52 B2
B4 FBANRED CAl XAKEE AchE EHAMRIE (X400)

Fig. 4 AchE positive expression in hippocampal CA1 and cerebral cortex of mice in each group (x 400)
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Fig. 5 ChAT positive protein expression in hippocampal CA1 and cerebral cortex of mice in each group (x 400)
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A-control group B-model group C-BME group D-Piracetam group E-Dangshen Yuanzhi Powder water extract F-Dangshen Yuanzhi Powder

. L
microemulsion,

&l 6

P <0.01 vs control group; 24P < 0.01 vs model group; 4P < 0.01 vs Piracetam group; P < 0.01 vs water extractant group

&4/ CA1 X E AchE #1 ChAT PRMZAREEE (X £s,n=3)

Fig. 6 Number of positive cells of AchE and ChAT in hippocampal CA1 and cerebral cortex of mice in each group (X £s, n =3)
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J& Ach FI7Kf#EE, ChAT & Ach & R BR s 2021,

TEMZAH A, Ach A2 RS AN 2 BE4 S A 75 ChAT
IHEAAE N A R, NS B BRI Ach /T
Fflh fa R AR AEBRAERI S, W% AchE ZKf# R IR B AN
ZIR, Ach BBk, KiEY. AD KRR, WA
ChAT 7 VEFE I, AchE 7& 143 51, 1& i Ach HIA R
bE N e R TR B D TN VA (NS A S
F11 22 Tl il PR 2 BRI & A2 220, 0 A2 R i A 1 e
74, REWSfEift Ach & IFIEH IR A M A LT,
Nﬁa%ﬁmkuﬁﬁﬁﬁﬁ A ARz, 1R
5 o Re o ASLIGHEEL S AT S AR S
T EHUFL AT @ WA R ZH 23 Ach. AchE /KPR
FERRBRAE RN, MBS R et v, T HE R 2
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