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[Abstract] Objective: This study aims to investigate the effect of Liuwei Dihuangwan on the autophagy function in the
hippocampus of senescence-accelerated mouse prone 8 (SAMPS) by regulating the expression of glycoprotein non-metastatic
melanoma protein B (GPNMB). Furthermore, it is designed to explore the mechanism of the method of tonifying the kidneys and
replenishing essence in the treatment of Alzheimer's disease (AD). Methods: In experiment 1, 24 5-month-old SAMPS mice were
randomly and equally divided into the model group, and the low-, middle- and high-dose Liuwei Dihuangwan groups. At the same
time, six 5-month-old senescence accelerated mouse resistant 1 (SAMR1) mice were used as the control group. The learning and
memory ability was evaluated through novel object recognition experiment. Serum cortisol (Cort) , adrenocorticotropic hormone
(ACTH) and urine 17-hydroxycorticosteroid (17-OHCS) levels were detected by enzyme-linked immunosorbent assay (ELISA).
The ultrastructure of hippocampal neurons was observed by transmission electron microscope (TEM), and the expression levels of
hippocampal GPNMB, a disintegrin and metalloproteinase 10 (ADAMI10) and autophagy-related proteins were detected by
Western blot. In experiment 2, 18 SAMP8 mice were randomly and equally divided into the model group, vector control group
(Vector) , and GPNMB overexpression group (GPNMB®®). Lentiviral vectors were stereotactically injected into the brain (2 wL
per side in the GPNMB®" group). Western blot was used to detect the expression of the above target proteins in the hippocampus; In
Experiment 3, 24 SAMP8 mice were randomly and equally divided into the model group, Liuwei Dihuangwan group, Liuwei
Dihuangwan+negative control (NC) group, and Liuwei Dihuangwan+GPNMB silencing group (shGPNMB). Before drug
treatment, the Liuwei Dihuangwan+NC group and the Liuwei Dihuangwan+shGPNMB group were injected with negative control
and GPNMB silencing lentivirus, respectively. Western blot was used to detect the expression of the above target proteins in the
hippocampus. Results: The novel object discrimination index of mice in the model group was significantly lower than that of mice
in the control group (P<0.01). The novel object discrimination index of mice in the medium- and high-dose Liuwei Dihuangwan
groups was significantly higher than that of mice in the model group (P<0.01). Aggregated autolysosomes were observed in the
normal hippocampus tissue by TEM. In the model group, mitochondria were dominant, and no typical characteristic
autophagosomes were observed. In the low- and medium-dose Liuwei Dihuangwan groups, a small number of autolysosomes and
autophagosomes with double-membrane structures were observed. In the high-dose Liuwei Dihuangwan group, the number of
autophagosomes and autolysosomes was greater than that in the low- and medium-dose groups. The results of ELISA and Western
blot showed that compared with the control group, the levels of serum Cort, ACTH, and urine 17-OHCS in the model group were
substantially increased, while the expression of hippocampal ADAM10, Beclinl, and microtubule associated-protein light chain 3-
/1 (LC3 1I/1 ) was significantly decreased. The expression of GPNMB and ubiquitin binding protein p62 was significantly
increased (P<0.05, P<0.01). Compared with the model group, the serum Cort and ACTH levels in the low-, medium-, and high-
dose Liuwei Dihuangwan groups were significantly reduced, while only the urine 17-OHCS level in the high-dose group was
significantly reduced. The hippocampal GPNMB, ADAM10, Beclinl, and LC3 Il /1 expression levels in the low-, medium-, and
high-dose groups of Liuwei Dihuangwan were significantly increased compared to the model group, whereas the expression of p62
was significantly reduced (P<0.01). The above indicators showed a progressive trend among the three groups. Compared with the
model group, the GPNMB®* group showed a significant increase in GPNMB, ADAM10, Beclinl, LC3 II/1 expression, and a
significant decrease in p62 expression (P<0.01). Compared with the model group, the expression of GPNMB, ADAMI0,
Beclinl, and LC3 Il /1 in the hippocampus of the Liuwei Dihuangwan group significantly increased, while the expression of p62
significantly decreased (P<0.01). Compared with the Liuwei Dihuangwan group, the Liuwei Dihuangwan+shGPNMB group
showed a significant decrease in GPNMB, ADAM10, Beclinl, LC3 II/1 , and a significant increase in p62 expression (P<0.01).
Conclusion: Liuwei Dihuangwan can enhance hippocampal autophagy function and improve AD by upregulating GPNMB
expression.

[Keywords] Alzheimer's disease; Liuwei Dihuangwan; glycoprotein non-metastatic melanoma protein B (GPNMB) ;

autophagy; tonify the kidneys and replenish essence
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PR R AT R o A TR A R I 5T R UE S, 28 i
AT AR 7S R b B AL B 6% A AL 5 R 28 4 L 1
e 7, W ABUTFR 25T,

/0N JB A LA A e R R 2 R 8 N TR R AL
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WSk B , T oK B S U8 R 1 mm® /R B
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- T AU AR | 35 S PR S AR T AT
2.1.5 RN (Western blot) 4 il 5 5 24
41t GPNMB ,ADAMI10 Iz F BEA G IR 5 B
&40 /N BT T 2H 47 25~30 mg, fil A RIPA 2L K (4
100 mg 40 20 A 2 f# W 1 mL) , 2] K )5 4 °C,
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BCA i 5 £ W A 5 B ok B, b b S R
B - 2R TV M TG Mg ¥ JiC R Uk ( SDS-PAGE ) HEL UK 43 B 5 HE
KRG EAKE ZE R MW % M (PVDF) X
A i 20 1 R R U e 5 v R T R
(TBST) (% 5% JBERE W54 ) B 141, i A —$t (Beclinl |
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GPNMB B A Hi B HL 58 1:1 000) , 4 °CHFH #72 .
TBST %5 3 %, A 40 (£ 50 % IgG-HRP, 7 B L
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. 4 .
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WG 97 10 43 50 25 T /0N BROSU g 5 8 G B 1 Sk R A
GPNMB LB 12 9 25 , T 441 5 2] 2.2 300, Rk 45 25
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ADAMI0 }z H WA ¢ 3R 3A A6 I 4% 41/ BRI
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24 GFAtsEa M SEE A 45 R 2k F GraphPad
Prism 8.0 #1770t , LB M x + s Ko, 24
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(i) A5 e, LR ) i 50 3 B IR (P<0.01) 5 5 RS AT L
B 7SR AL e R AN BRARZ B R A s i)
T REAC, I B B4 w22 A GE e L (P<
0.01), Wik1.,

1 AN E R SAMPS /NR I WA S A IBE MW (x5,
n=6)
Table 1
index in SAMPS8 mice (x+s5,n=6)

Effect of Liuwei Dihuangwan on novel object recognition

415 /g kg BRI 46 HU %
IEHH 77.3+4.4
I 2 28.7+12.97
7SR Ml 3 HUAR R e 4 0.59 34.2+4 .4
7S Wl # hL rR)  4 1.18 54.7+4.57
7N R Hly B L 5 ) 41 2.36 67.2+3.2%

T 5 IF % 4 P<0.05, 7 P<0.01; 5 88 41 b 4P P<0.01;5
575 Wk b B AL e Y P<0.01(F 2- 5 [A])

F2 Al E A SAMPS /MRS EIBFREM (F+s,n=6)

3.1.3 SR HE AL XS SAMPS /) BRI Cort . ACTH
KPR 17-OHCS KF- 52 5 1E & 24 LA A A 4]
Il % Cort, ACTH } JR 17-OHCS /K ¥ & & JI &
(P<0.01); 5BEAVZ L 55, 75 W Hi 3 ALAIR v o 39
41 1ML Cort . ACTH 7K - &k 3 Ik (P<0.01) , =41 IR
17-OHCS 7K V- 52 366 U i 3, MM AN 7S IR 1 18 AL 1 771 i
BRI B 2 BRI (P<0.01) . WLFR 2.

3.1.4 7SR B L SAMPS /) B S 2H 4 1 N
RE M i B H BT U4 SAMPS /N U T 4

ZUR B, IE W AL S A S0 AT LR AR Y A
A5 BB A Lok A O T, R L i R R AIE Y
PR o 7N IR M B LA | o 7R Bk 2 AT L/ B R i
PR L UUIZ TS5 44 14 1 W /IS 5 7S Rt 8 AL v 9] ik 4
FI /N R K | g 1 il A ) B0 2 TR b R A
W 1.

Table 2 Effect of Liuwei Dihuangwan on kidney deficiency indicators in SAMP8 mice (X+s,n=6)

2151 il /gkg! Cort/pg L™ ACTH/ng:L" 17-OHCS/ug:L"!
EHY 18.31£0.30 85.53+1.36 15.64£0.05
LRI 55.00+0.45% 213.96+2.33? 16.28+0.14%
Py Sty v KIS kel 0.59 50.07+0.35% 195.72+2.68% 16.14+0.08
PN LR L 1.18 41.81£0.39” 145.10+2.93% 16.0420.10
VAVZ S:E W NSl e 2.36 36.41+0.43% 111.18+2.08" 15.67+0.08%

AL IER AL B, BEBZ  CL /S R ML BRI B 20 5 D. 7S PR3 B L ) d 41 5 B X Bk b 36 0L w70 5 2 (R 2 [/))
B1 ABRMEATSAMPS/NREIHA R BME/NMETAEI I (GEHHEL, x20 000)
Fig. 1 Effect of Liangwei Dihuangwan on changes of autophagosome in hippocampal tissue of SAMP8 mice (TEM, x20 000)

3.1.5 7N BR M ¥ AL XF SAMP8 /) BT 4] 41
GPNMB.ADAMI10 K [ Wi #H ¢ 8 11 3% 35 1Y 5% )

Western blot %5 5 7 , 5 1E % 4 LL 3¢, B AU 4 ¥ 5
GPNMB. p62 # ik B & I J+ (P<0.05, P<0.01) ,
ADAMI10.Beclinl \LC3 11 / | ik .3 FR&(P<0.01);
5B RN A b B, N MR M L P L R &R T TS
GPNMB ,ADAMI10.Beclinl \LC3 I1/1 %k i # I
Fhope2 Bk E N, ZR AL IHFE L (P<
0.01), WK2.5&3,

3.2 GPNMB X} SAMPS /)N {1k 5 ADAM10 K H I
MHEREHRAIPEZMW SHEA L, Vector 4 1
T, GPNMB ,ADAM10 ,Beclinl .p62 .LC3 II/1 3 15 2%
SIS 7 X, i GPNMBOF 40 p62 26 35 %8 1 4
B AR, R R AR R A 3 W T (P<0.01) . DL
3.3 4,
3.3 N M JLIE ¥ GPNMB X} SAMPS /) BLifE
ADAMI0 J F BEAHOCER R IA Hy sz i AR 4l 3.1 33
S T SN i 1| I AN R O W 7 N A T
.5.
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Fig. 2 Electrophoretic analysis of expression of GPNMB,
ADAMI10 and autophagy-related proteins in hippocampal tissues

of each group of mice
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Fig. 3 Electrophoresis of expression of ADAM10 and autophagy-

related proteins in hippocampal tissues of each group of mice

FIh W F T FE(P<0.01) 5 5 75 Wk M 2 ML 4 LA, 7S IR
BT AL+NC A Bk F6 R 38 22 5 Jo e i 2 3,
7N R ML # AL +shGPNMB 44 GPNMB., ADAMI10,
Beclinl } LC3 [/ 1 33k i # FEAL, p62 K3k W & T+
#(P<0.01), WLIE4 £S5,

G50 (X+s,n=6)

Table 3 Effect of Liuwei Dihuangwan on expression of GPNMB, ADAM10, and autophagy-related proteins in hippocampus of SAMPS

mice (X+s5,n=6)

2151 Fl /g ke GPNMB/B-actin ~ ADAMI10/B-actin  Beclinl/B-actin p62/B-actin LC3 /1
EH A 0.26=0.03 1.40+0.08 0.84+0.11 0.12+0.03 1.01£0.15
T 0 21 0.33+0.13" 0.39+0.02” 0.11£0.03% 0.81+0.11% 0.19+0.04”
7S Rl # HLARG R 4 2 0.59 0.39+0.08 0.58+0.09" 0.24+0.02" 0.55+0.08> 0.31£0.10"
7S Rl #HL rR d 2H 1.18 0.44+0.09" 0.90£0.04% 0.43+0.05" 0.32+0.06 0.460.12%
75 W 5 AL e ) ek 41 2.36 0.53+0.10" 1.11£0.06> 0.62+0.07" 0.21:£0.04> 0.71+0.16%

%*4 GPNMB3XSAMPS/NRBEDHLHRADAMIOE BEEHEXELRIE

Q8 (Xx£s,n=6)

Table 4 Effect of GPNMB on expression of ADAM10 and autophagy-related proteins in hippocampus of SAMP8 mice (x+s,n=6)

215 GPNMB/B-actin ADAM10/B-actin Beclinl/B-actin p62/B-actin LC31/1
LT 4] 0.16+0.04 0.32+0.02 0.15+0.03 0.86+0.13 0.09+0.03
Vector 2 0.14+0.02 0.33+0.05 0.16+0.05 0.85+0.09 0.100.02
GPNMB® 4 0.93+0.18 0.69+0.08" 0.54+0.07> 0.42+0.07> 0.21+0.06
4 iTig A AD B B BERRE AR A G PN S AR B R,

MR 2022 4F 4 [F A\ 11 A 5odls , R EAE 2 B il
ANGRIEZ WAL Y] M09 TR B2 2 W AL A G /Y AD &
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h 5 W TR I S IR AR it RRE B R i R AL 2 )

.« 6 -

‘*R%[ls]o

AR ABTER 2 TT A S BRI IR A R DT
PR HRA SRR AT, 2 R
BRI, 25 51 S 5 b 453 3 | ot 22 00 78 5% A3 0L O ) A% o
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Fig. 4 Electrophoresis of expression of ADAM10 and autophagy-

related proteins in hippocampal tissues of each group of mice
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HOAT e Eh R D RE T o S SR A B, N R B E
% .35 41 5 SAMPS /N LI T 0 1A B S i K, 2 i
T3 FAE B /N SR 27 2T AL RE 1 07 THEEAT 253

Bk — S5 R SIS AT — 80 SR R
YERLEM A FFR AR SY o 7S b 3% JLIR Y7 AD
953 F-HL3E AU B 1 58 35 B AR 5 7 0 v s B
R Z S RE NN EFISIA 7 AD B R 2A 1k 4

BRAC R i AF 5K 2 5 XAy AR B B R L A 5
H SR TP Ak /N R T SAMPS HEAT 5286 . AHIFSE
7 7R 7S ML B LR AD Y B A5 R 2 AR A
FHBEY T HLE, 1 SAMPS /N [ 6 H i T4 B H3 B i
R AD Jg B4R AR S0 35 b H W8 3 B 70 30 £ 5
5, X — BRIV T B T IR DG B  T 0. 1
2o R, B /N USSR AR TE Bl 22 9 A0 I R G 3R L
H 38 5 058N B - AR - B AR Sl (HPA Bl ) o
ACTH, Cort 55 48 #5 19 28 1k v] BE 44 iiE & 1 HiE (1 H)
W02 [ P 2 A 3 TV T -HPA il £ s 4 R 45 HIL
Xof Hp B S R EA T ERE A0AT A R B R I I A
AT RE 5 HPA Bl 2 e 40 i A7 A6 OCHK , 1T ' B i 55 HPA
BT BETTHE AR SC ™, A B ARS IU EF E RE IE 3h i A A
17 ACTH . Cort } JR 17-OHCS /K V-3 B K T 1F
HOC AR SR, B WF 5T X B WA HPA il
FEbR AL B B A A M AR TE R G S5 18, Har Tl
ATy e 8 i RFEAS 258 i — 2P B0 HIE . HPA %l 1 Cort
SE M BTOR MR 0 105, FET S e HPA %l 4 3 8
WO o KT B B AT B R AR Z L i 2
RS O L R RR R EZSTv ) 1 1 5 o R Rk VA =R - S
FIE 11 T K L 40 L T R ol G i Y. ACTH M i
I R R L Cort 2 55 R U B, HK ST
A RE R B R RS 5 AB TR G .
17-OHCS A Cort AAR ™ 4y, FCHEME 5 W] 15 42 S
B ERR R S M . ARG B SAMPS /) BRI
1% Cort, ACTH & JX 17-OHCS 7K V- # 1F % 20 T 5, 4%
/N HPA Sl Tl B A7 76 2 P T 2E 2, w] e S Ho ok & 1k ik
R EENLN Z — . LNWRHEILT B, LR Fs
B S ] RO M s s R RO
BEAR BRI /N BRI AT oM A AR R, 30 HORS Rtk
ARG U] W ER T i 45 AR 7S TR Ml 8 ALY AD B A
/N BRI g B R LA 2R FVE

£5 AKRMBEAFIE GPNMBI/NREDHELAH ADAMIOK BIEHX BB RIZMZM (F5,1=6)
Table 5 Effect of Liuwei Dihuangwan on expression of ADAM10 and autophagy-related proteins in hippocampus of mice through

regulating GPNMB (xX+s,n=6)

20 51 GPNMB/B-actin ADAM10/B-actin Beclinl/B-actin p62/B-actin LC3 1I/1
[k 0.11+0.03 0.32+0.04 0.13+0.03 0.84+0.14 0.11+0.02
7N I Hb 3 LAl 0.35+0.06> 0.62+0.07” 0.65+0.15> 0.32+0.09” 0.22+0.04%
FN WK B HLANC 4 0.33+0.08 0.65+0.12 0.63+0.07 0.30+0.07 0.24+0.05
N ML HL+shGPNMB 26 0.06+0.02" 0.32+0.04" 0.31+0.09" 0.51+0.06" 0.12+0.03"

o 7 .
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