5529 %45 8 1) FEXRAFFERE Vol. 29,No. 8
202344 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2023

HB K T 23 AD /N BRI 22 TR e T 440 b e e A T B A
H W 653 13 1 A FH AL

WER, AWE, WA, AW, RAEL', FAE, ZE"
(1. kXPEHKRF AFER, &LF 100078; 2. kX FEZHKF FEFKE, 4% 100029)

[(HE] B D58 E R T 3 B R 960 SR (AD ) A 76 /N BB 4 200 528 T e 0 400 JR 00 107 , 045 i P30 0 1 W s s 10 £
JHALE . 773 -4 IR HEPE APP/PST 4% B PF /N R 40 2, BEATL 43 B Y 20 B30 + Ml B IR 120 (2.5 g+ kg') L B2 20 H [6) 5 5% | [A]
AWy C5TBL/6T /R 40 H L BEMLAY M IE# 4 IE %+ Bk F4H (2.5 g-kg') , B4 20 H o IF % 41 AL RS 4 35 45 7 45 4 D0 1 A B
K CERETE 1R FELLA 2 150 do 38 2057 W AR50 S50 A1/ BUBK 5 S50 PPN /N B ST IR 12 RE T o i 9 6k AR 1 s
36 5 (Western blot) 46 I 2 H J5¢ 5 40 J o 5 5 21 4 W M 75 11 (GFAP) B 3A o 188 SO (338 i A8 00 /) BRI 28 2 rp = B R I 4
(ATP) . B2 I7 17 (ADP) EL @R IR 17 (AMP) , IF 11 5 e far (EC) 7K - . Western blot £ I /Iy UK 21 24U 3 % B1(LKB1) R 1
T2 1 b 25 VR (AMPK) | [ Wi B0 B0 LCULKL) (Wi 2L 30 9 1 iR 8% 3R B2 40 (mTOR) A Wl R AL /K °F K& A W #H OG22 1 Beclin-1 .
S AHC R 1 15885 3(LC3)- T /LC3- 1 .p62 RIA/KT-. SR : 5 1E 5 41 LA, MR 20 /N BURT 4 PR 10500 S 36 ) 46 4 o 5
R (P<0.01) , 8k 15 55 45 45+ B2 1k R 300 b 25 s el ot 158 U B8t 5 8, RO I 410 D GFAP 2R (1 3635 18 2 1, i 4120 ATP . ADP &
B X EC{H i A%, AMP & 7 . 2 |- 7}, AMPK .LKB1.mTOR #§ M2 1k 7K - Fl p62 %5 11 6 ik i 2 FF i , ULK 1 B 2 1k 7k 7 1
Beclin-1,LC3-11/LC3- I &L B E T F(P<0.01); IE#H+H Bk FA/NR P LRI 25 Lo em L, SHAlg
VU5 A TR -+ b AR 20 /0N BRHT A  TR0 SI2 36  00 B B (P<0.05) , Bk 5 S 3045 B AR 0 3 AR (P<0.01) , 1R IR B
i 25 8 /0 (P<0.01) , &% I T 41 Ml GFAP 2 H 3% ik i W 2 T B (P<0.05) , I 4141 ATP . ADP & i J2 EC {H W] & J} = (P<0.05,
P<0.01) , AMP & & 1§ 2 F [ (P<0.05) , AMPK ,LKB1 Al mTOR # i2 tk 7K - Al p62 2 11 3% 35 1 25 FEAIG, ULK 1B 92 1k /K S A
Beclin-1.LC3- 1 /LC3- T & A 3k 3 T+ (P<0.01) o £518 b 35 IR 738 i 47 B2 08 e T 4 A, 238 AD /I BUG P9 g S A 3 R
B AR =y VN keSS Rt VA= - I

[X@iE] WBEIKF; FURKIGIN; BEIPR AN ; BELt R, AW, WL 3h 4 & mnes 2808 /A W sos B 1
(mTOR/ULK1)

[FE#SFES] R2-0;R22;R285.5;R289;R33 [kFRiIREE] A [XEHS] 1005-9903(2023)08-0019-08

[doi] 10.13422/j.cnki.syfjx.20230607

[ 4& HRRitE]  https://kns.cnki.net/kems/detail/11.3495.R.20230215.1406.004.html

[ 4 H AR B 831 2023-02-16 10:07:41

Mechanism of Dihuang Yinzi in Improving Energy Metabolism Disorder and

Autophagy Injury of Astrocytes in Brain of AD Mice
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[Abstract] Objective: To explore the mechanism of Dihuang Yinzi (DHYZ) in improving astrocyte
injury in the brain and regulating energy metabolism and autophagy disorder in Alzheimer's disease (AD) model

mice. Method: Forty male APP/PSI1 transgenic mice aged four months were randomly divided into a model
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group and a model + DHYZ group (2.5 g-kg"'), with 20 mice in each group. Forty C57BL/6J mice with the
same background and same age were randomly divided into a control group and a control + DHYZ group
(2.5 gkg"'), with 20 mice in each group. The mice in the control group and the model group were administered
with an equal volume of sterilized normal saline by gavage, once a day for 150 days. Novel object recognition
test and step-down test were performed to evaluate the learning and memory ability of mice. The expression of
glial fibrillary acidic protein (GFAP) in astrocytes was detected by immunofluorescence and Western blot. High-
performance liquid chromatography (HPLC) was used to detect adenosine triphosphate (ATP) , adenosine
diphosphate (ADP), and adenosine monophosphate (AMP) in brain tissues of mice, and the data obtained were
used to calculate energy charge (EC) levels. The phosphorylation levels of liver kinase B1 (LKB1), adenosine
5'-monophosphate (AMP ) -activated protein kinase (AMPK ), UNC-51-like kinase 1 (ULK1), and mammalian
target of rapamycin (mTOR) and the expression levels of autophagy-related proteins Beclin-1, microtuble-
associated protein 1 light chain 3 (LC3)- I /LC3- 1 , and p62 in mouse brain were measured by Western blot.
Result: Compared with the control group, the model group showed decreased novel object recognition index,
shortened retention latency, increased error times in the step-down test, up-regulated protein expression of
GFAP, decreased content of ATP, ADP, and EC in brain tissues, elevated AMP , increased levels of p-AMPK,
p-LKB1, and p-mTOR, and protein expression of p62 , and down-regulated p-ULKI1 level and protein
expression of Beclin-1 and LC3- II/LC3- I (P<0.01) , while the above experimental indexes were not
significantly different in the control + DHYZ group. Compared with the model group, the model + DHYZ group
showed increased novel object recognition index (P<0.05) , prolonged retention latency (P<0.01) , decreased
error times(P<0.01) in the step-down test, reduced protein expression of GFAP (P<0.05), increased content of
ATP, ADP, and EC in brain tissues (P<0.05, P<0.01), decreased AMP content(P<0.05), reduced p-AMPK,
p-LKB1, and p-mTOR levels and protein expression of p62, and up-regulated p-ULK1 level and protein
expression of Beclin-1 and LC3- [ /LC3- I (P<0.01). Conclusion: By protecting astrocytes, DHYZ can improve
energy metabolism and autophagy disorder in AD mice to improve the learning and memory ability of model mice.
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Table 1 Effect of Dihuang Yinzi on discrimination index of AD

mice in novel object recognition memory test (x+s,n=18)

4151 /g ke HIEiR
IEH 4 0.393+0.058
H IR 2] 0.116+0.007%
TE -+ b 35 R 4 2.50 0.379+0.094
R -t 8 PR 4 2.50 0.264+0.077"

T 5 IEH 4l VP<0.05,7 P<0.01; 5 45 7 41 H 4% Y P<0.05,
YP<0.01(F£2-F£ 7))

x2 WMARFIADIEBRESEEBRAMBERIYOZ 1
(x£s,n=18)
Table 2 Effect of Dihuang Yinzi on latency and error time of AD

mice in step-down test (X£s,n=18)

251 Fbk/g-kg'  FEEAIM/S AU
IEH A 229.13+75.29 0.69+0.24
AR 2 89.37£15.17  9.96+1.58”
I+ B IR T2 2.50 207.94+59.26 0.57+0.21
TR+ 3 IR T 2 2.50 174.60£62.379  2.21+0.74"

3.2 Xt AD /N BURG 4140 R I B 5 40 i GFAP 2K 11 3%
RHYRE M 5 OE R A H A AR 2 /N BRI 4 8L B
Ji2 I 40 e H GFAP 363 & B 35 1 50 (P<0.01) , IE % +
B R F AN 2 SR E X SR
Ll 3, 155 70+ b AR 4 /)N U 41 2 GFAP 3R 5K 1t W]
B FEAL(P<0.05) . 5 I1E# 4 i, 5 1 21 /)N B 41
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Fig. 1 Effect of Dihuang Yinzi on level of GFAP protein expression in brain of AD mice (IF, x40)

GFAP S SR . S 50kDa

e
A D

B C
B2 HHNANEZR GFAPEBKFRIK
Fig. 2 Electrophoresis of GFAP protein expression level in brain

of mice

3.3 X AD /MR ZH 4 ATP . ADP . AMP 5 & & EC
B EZ M 5 IR A R, AL ZH /N B ATP L ADP &
K ECHY B E FH(P<0.01), AMP & & & & F+
5 (P<0.01) , 1F 5 +H 20k 7 21 2% 5 3% 22 55 L g it
FE N 5 R, B+ b B A R

x3 WMEBERFHAD/NMNRMAL GFAPEA KR IX
n=6)

G &M (x+s,

Table 3  Effect of Dihuang Yinzi on level of GFAP protein

expression in brain of AD mice (x+s,n=6)

51 /g ke GFAP/B-actin
IEH A 0.483+0.087
R 2 1.692:0.446>
TE Y+ b 2R T 4L 2.50 0.437+0.091
58 0 3 B R T 41 2.50 0.701+0.062°’

ATP ADP & i M ECHYH B T, 2R A HE 4
it 2 2 L (P<0.05, P<0.01) , AMP /K °F B i F &
(P<0.05)., L34,

F4 WERFADNRMAL ATP.ADP AMP EEF EC M (X+s5,1=6)
Table 4 Effect of Dihuang Yinzi on level of ATP, ADP, AMP and EC in brain of AD mice (x+s,n=6)

205 /g ke ATP/pmol- g’ ADP/pmol- g’ AMP/pmol- g ECTH
EH 4 63.51+12.74 38.29+7.75 37.91+6.04 0.59+0.07
RIS 18.27+4.46 29.43+6.10% 48.28+11.35” 0.34+0.01>
IE b R4 2.50 66.19£10.03 39.10+11.41 38.26+9.52 0.60+0.09
AR+ 5 R 41 2.50 40.75+8.82% 31.73+12.54% 43.75+8.04% 0.49+0.09"

3.4 X AD /)RR 2H 41 AMPK Fil LKB1 B 2 1k 7K F
B 5 OE R MR, B A 41/ Bl LKBI1 I
AMPK 2 A6 7K °F- 1 35 T+ 5 (P<0.01) |, 1F H + b B
R4/ BLLKB1 #il AMPK B2 1k 7K F 22 5% 48 it
R SRR L R, R Y+ M B AR T 4L/ B
LKB1 Fll AMPK # g {b 7K F i 3 T B (P<0.01) . Il

El3.%5,

3.5 XF AD /) RN 4141 mTOR 1 ULK 1 # 2 1k /K °F

MISZ 5 OE R A LA B ALZH /) B mTOR 5 2 1k

JKOF- 2 2% Th s, ULK 8 @R 1k K OF B 3% F B (P<

0.01) , IE & +Hb # X 7 41 /N [’ LKB1 F1 AMPK i i

KT 22 S Gt 2 X SR A L, B A + b
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Fig. 3 Electrophoresis of phosphorylation of LKB1 and AMPK

protein expression in brain of AD mice

&5 HMERFXAD/MRKAL B LKB1 1 AMPK B8 4L 7k F 89
M (x+s,n=6)

Table 5 Effect of Dihuang Yinzi on phosphorylation of LKB1 and
AMPK in brain of AD mice (X+s,n=6)

21 5 #l /g kg! p-LKBI/LKB1 p-AMPK/AMPK
1E 4 0.763+0.094 0.328+0.071
T A0 25 2.427+0.178” 1.186+0.069”
E -+ b 2R 4 2.50 0.794+0.142 0.363+0.056
L TR+ by 35 PR T 4 2.50 1.106+0.086" 0.527+0.041"

HAR T4/ B mTOR B /R 1k /K F 8. 3% T~ B, ULK1
BEER AL K - i 2 TH i (P<0.01) . WK 4 .36,

p-mTOR i . . e 289 kDa

mTOR RS SR . S 089 kDa

p-ULK1 -— -- 150 kDa
ULkl W | 150 kDa

fractin S —— 3 D>

A B C D
4 FHANRMAL P mTORF ULKIBEER L & B RIXAEX
Fig. 4 Electrophoresis of phosphorylation of mTOR and ULKI1

protein expression levels in brain of mice

x6 EHERRFHADMRMAL S mTORM ULKIBBUEAR
EKFEREZM (x+s,n=6)
Table 6 Effect of Dihuang Yinzi on phosphorylation of mTOR

and ULK1 protein expression levels in brain of AD mice (x+s5,7=6)

3.6 X AD /U414 Beclin-1 ,LC3- 11 /LC3- T Al
p62 F ik W M 5 IEE 4 b, B N R
Beclin-1 . LC3- I /LC3- T i ik K F 1 3 T % (P<
0.01),p62 By FKIkKF B2 - F(P<0.01), 1 1E % +
by B R 4 /N B (B 38 22 S O e T S AR
2 Bb A, AR 4 M B AR T 4 /) B Beclin-1,LC3- 11/
LC3- T HE A M EIEEE FLIH(P<0.01),p62 & Y
FR M B FRE(P<0.01). WK S5 .37,

LC3-1I
ﬁ-actin — 43 kDa

A B c D
EHs5 &KAENRMALRD Beclin-1.LC3F p62 FBQ FKik/kFErik
Fig. 5

14 kDa
16 kDa

Electrophoresis of Beclin-1, LC3 and p62 protein

expression levels in brain of mice

F7 HEIRFITAD/NRKEL F Beclin-1,LC3 F p62 FE A R X
BB (x+s5,n=6)
Table 7 Effect of Dihuang Yinzi on level of Beclin-1, LC3 and

p62 protein expression levels in brain of AD mice (Xx+s,n=6)

20 51 #l&/g kg p-mTOR/MTOR  p-ULKI1/ULKI
IEH 4 0.863+0.071 0.974+0.063
IR 24 4.321+0.379% 0.478+0.052%
IE H -+ Hb 35 R 4L 2.50 0.814+0.176 1.104+0.219

0.949+0.092%

0.786+0.057%

. Fillies Beclin-1 LC3-1I p62
215 B . .

/g kg /B-actin /LC3- 1 /B-actin
1EH 4l 1.373+0.439  8.427+0.516  0.389+0.074
R 2 0.416+0.037 3.112+0.411%  0.947+0.072%

L7 +BR 2.50 1.485+0.627 8.696+0.763  0.402+0.163
T4 ' ' ’ ' ’ ’ ’
LT + b ¥
TT 2500 0.997+0.153 9.984+0.0618% 0.475+0.097"
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4 g
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