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Network Pharmacological Analysis of the Mechanism of Astragalus Radix—Lilii Bulbus—Hippophae Fructus
Combination for Treatment of Alzheimer’s Disease

ZHAO Hong, YU Dengjun, TANG Weiwei, KONG Lingzhou, GAO Qi, ZHANG Yu, WANG Lihong (College of
Pharmacy, Jiamusi University, Jiamusi 154007 Heilongjiang, China)

Abstract: Objective To investigate pharmacological mechanism of Astragalus radix—Lilii bulbus—Hippophae fructus
(ALH) in treating Alzheimer’s disease (AD) by network pharmacology and molecular docking. Methods The active
components and targets of ALH were obtained by TCMSP database, and AD related targets were collected by
GeneCards and OMIM database. The intersection of drug active component targets and AD related targets were used
to obtain drug—disease common targets. Cytoscape 3.7.2 software was used to construct drug—active ingredient—target—
disease network, and STRING platform was used to construct PPl network to screen key active components and
targets. Autodock software was used for molecular docking of key active components and targets. KEGG pathway
enrichment analysis was performed using Clue GO. The AD mice model were induced by D—galactose combined with
AICl;, then the Morris water maze test, pathological observation of hippocampal tissue (HE staining method) and

ELISA were used to preliminarily verify the mechanism of ALH in treating AD. Results There are 39 active
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components in ALH were involved, such as quercetin, kaempferol, 7-0-methylisomucronulatol, formononetin,
isorhamnetin. The active components mainly target ATK1, MAPKI, JUN, TP53, TNF, and so on, which
involving PI3K- Akt, MAPK, AGE-RAGE, IL-17, TNF, and other signaling pathways, to play a role in
treatment of AD. The results of validation experiment showed that ALH could significantly improve the learning and
memory abilities of AD mice (P<0.05, P<0.01), decrease the damage of hippocampal tissue, and reduce the
contents of TNF-a, IL-6 and IL-17 in hippocampal tissue in mice(P <0.05, P <0.01). Conclusion The results of
this study preliminarily revealed the effective mechanism of ALH for AD, which is inhibiting the expression of
inflammatory factors, and alleviating inflammatory damage by the combination of multi—components, multi-targets,
and multi—pathways.

Keywords: Astragalus radix; Lilii bulbus; Hippophae fructus; Alzheimer’ s disease; network pharmacology;

inflammatory factor
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F1 HE-BA-DBROEENSER

Table 1 Information of active components in Astragalus radix—Lilii bulbus—Hippophae fructus

PRSI 2tk

iz TR Ly e G MU FIEE(OB)% (D)
B Mairin FIHENRRR ARI 1 5538 0.78
I Jaranol ERER AR2 12 50.83 0.29
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Figure 1  Drug— active component— target— disease network of
Astragalus radix—Lilii bulbus— Hippophae fructus in treating

Alzheimer’s disease
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Figure 2 PPI netework of potential targets of Astragalus radix—

Lilii bulbus—Hippophae fructus in treating Alzheimer’s disease
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bulbus—Hippophae fructus in treating Alzheimer’s disease

Information of key targets of Astragalus radix— Lilii
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Figure 3 KEGG pathway enrichment analysis for key targets of
Astragalus radix—Lilii bulbus—Hippophae fructus in treating

Alzheimer’s disease
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Table 3
targets of Astragalus radix— Lilii bulbus— Hippophae fructus in

Molecule docking results of key components and

treating Alzheimer’s disease

5 X %AE B (Binding energy )/( keal +mol™)

MR R 7-0-WERNEN SWERR RRER
AKTL 781 =740 -6.19 -7.09 -6.89
MAPKI -632  -636 -6.05 -6.61 -6.15
JUN -520 532 -5.73 -6.70 -5.58
P53  -644 -5.14 =521 -5.79 -6.01
TNF -6.54  -6.19 -6.04 -6.00 -6.47

2.6 ALH %} AD BRI/ 51t 25 PR 1E

2.6.1 ALH X} AD BERI/NR 22 21002 Re I ke 2
RUR 4, g, BRI/ EE R
FIEK (P<0.01), ZEHCOF & R AR D> (P<
0.01), T2 iC i BRRRY, WERIAY), SHIA
L HHE, 25 45 245 4 /0 Bk dkt i R 0 B g 4 (P <

1

d. Bl e. AAYUL

b. FRIZ]

0.05, P<0.01), ZFHFEERE W B8 mP<
0.05, P<0.01),

F4 BE-BE-DRALH)XFA/RRERFRE/NFKEE
WREE R FHTEARBNIM(x £5, n=10)

Table 4  Effect of Astragalus radix—Lilii bulbus—Hippophae
fructus on the escape latency and platform crossing frequency of

water maze in Alzheimer’s disease mice(x +s, n=10)

4151 M/ (gekg) BRI ST B REUK
EEE - 29.98 +4.42 3.10 £ 0.57
HRIZE - 56.18 + 4.43" 1.10£0.32"
AP IEZE 0.26 38.13 + 3.73* 2.50 +0.71*
A 1.20 41.24 + 6.09° 2.10 + 0.88*
Rl 1.20 4239 + 424 1.90 + 0.32*
VPR 1.20 41.91 +5.49° 2.00 +0.47"
ALH 41 3.60 40.73 + 4.28" 2.30 = 0.48%

T SEsPIE, TP<0.01; SEUHLLE, P<0.05, “P<0.01

2.6.2 ALH X} AD #5584 /N B ifg Hy 20 21 9 38 2% 1
M ZER LK 4, 2 {4 SRR EH(DG) X
HRHES A5 8 55, IR S . ISR, R
AR A i 0/ S5 RO =i B E WA N Ry S N e )
HEP Bchige , R KT AR A0 MR ot HoA B W i 2
Mo EG . SRR A, 4545 25 4/ BRI S A R HE
YIRESY . B, MMRUSE 2, RECR D A
e iR, AR RS RAT

2.6.3 ALH X} AD BiRI/NF I HLH TNF-a, 11L-6.
IL-17 s 455005 5. 5S4, #

T /N R Th 2 80 TNF-a, TL-6, TL—17 /K-FHH i
T (P<0.05) . SHERAE, S4254/ MRS
HEPH TNF-a, 1L-6. IL-17 &5 B (P <
0.05, P<0.01),

a. S 4L
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Figure 4 Effects of Astragalus radix—Lilii bulbus—Hippophae fructus on pathological changes of hippocampal tissues in Alzheimer’ s

disease mice(HE staining, x100)
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*5 HEEK-BA-UDER(ALH)XMMRRESRFEENRIES
AL TNF-a, IL-6, IL-17 FEMHM(x =5, n=10)

Table 5  Effect of Astragalus radix—Lilii bulbus—Hippophae
fructus on the contents of TNF-a, IL—6 and IL-17 in hippocampal

tissue of Alzheimer’s disease mice(x +s, n=10)

1] i/ TNF-a/ 1L.-6/ 1-17/
(g-kg")  (pg-mL") (pg-mL™) (pgemL™)
IEE - 3193+256 48.16+521  37.28 +6.21
I - 87.27+4.85 9026+3.61 76.12+5.55
BRPEHA 026 34.81 £3.61" 51.08+645 4449 +4.63"
Bl 120 4428 £491" 6555+4.61° 5239+7.11°
A 120 5432£542° 7311499 59.56+591"
VPR 120 50.06+5.14" 6584 +6.61" 5406 +4.23°
ALH 41 360  37.16+4.86% 57.16+6.12% 46.88 +4.50"

TE: SEsPILE, P<0.05; SRR, *P<0.05, *P<0.01

3 itig

BRI R BT R PR T BRI (AD) LU W AR, Tz 2
AENIREE DI RE SR, Slasd5 k%, B FH A
PRI L AN L AN BE SR R R AL, B
HA, EHliEE, S8 AD fEASNE, HIkiE)r
AD Db se g 2, B EAMSRIM . T AL
W HADMRE . WA, YWk ek T
MR . =25 8 S BT . 0% Mo . AR R T
75, EREIRIT AD ER . ASBFFEHI I 45 25 3
O, WU T E-A A - (ALH)$T AD B9V TE
TR . AR HIRE A MR g 55 5 AL, JF4)
AT T SIS YR,

HRYE L W — 1 1 o - P 4%, (A
B RS M 2 LAY . 7T-0-H S NIl . 1=
WAER R . SRR WML A B R i v i
FACE Y, T TR TS T A e A0 i e A AR
YEHIM, PREAEEE 2 T T AR s A MR
KRB AD /N2 042 A8 ) At 6 20 1
BB, S RERERRE AR, BOhE
o RN M MA R, MHgeEE T, KM
S ERY Fb T L, DL R B T
R PUAMMFEER, S50 M08 1T 5 S5 T
I, S AD B R AR KR

PPl /- Hr 45 5L R B, BE (B3 = I A5l AKTL
MAPK1, JUN, TP53, TNF, AKT1 ] i3 X}t 41 i
JHTHLE AR SE P 280 A%, MAPK] f& MAPK %
B EE R, S5 . sk, T8, =
ZRPHT SRR, JUN R—RhE B A, Xt
YRR AE . AETE SR T AR AR B AR A AR A,

P LR ek nD D 2 e R T, pS3 2R
J Ao R ) S B Y R, P LR R T R PR 4
PAT-AEA, SCENAL B, TNF 2—Fli3 5
FFFIVARS N EZAM A T, nrfEdE T 4084
BRRER T, SERMER N AE, Hik, ALH
AT BB I A A DA A O R, S T A G T 1
MM T S RN, BHEIRYT AD FER .. 43X
PA5 R, ALH SR 52 R FRE 4 6 .

KEGG i f§ & B Mrai SRR, ALH ] ii i 5%
M PI3K-Akt. MAPK. AGE-RAGE. IL-17. TNF %
Z 55 Tl EHRIRIT AD BIYER . PI3BK-Akt, TNF
ST S 5 R RN AN T A S R,
AN R T, KA 2 AR R, MAPK {5
SEESHMENARK . EE . B RS2
A FEERE Gl MAPK (5 BEEGE , A8 AB
UURL. Tau & FEREIRAL . PR TTIRT-FNCAC I E
AGEs (BEALZR ™y ) 2 86 11 AR B S AL i fe 7™
Yy, WP UURR AT 5 R B 2 e R, BELI
H 545 5 M52k RAGE A9 45 & nT LAk 55 451 45 18
S, L-17 8 #55 AD W R R N, Hal E
AR A2 MM AN T, s AD (R EE
05, AT ik NF-«B {55 38 BRI M I3 40 i
{7 2TV 1) G ) N O W 3 (81 T 5 B U
SRR DS oe T, K AEDT AD IFER,
AfER ALH JAYT AD AU GG Sk .

WSS R, ALH A 45/ AD B INELT
HEEETS RT3 0SB 5 B, R il i 2 21
0, BEARAE A /N U TR E 20 20 TNF-a, 1L-6,
IL-17 &4, JEMH ALH T2l 3% AD RN 27 >3]
1CRETT, HHLEI S 5tk R T2k, WU R IE
VEEP

2 FRTR, ARFTER F 45 245 BREE R A7 X HE
PR T ALH 3897 AD [SCHIG AL . HE
Km %, I3 A A ) 2 B S IG AE B E T 2 R
YERPLE . B E-E & - BIEYT AD MYER TR iE
M R A SRS, AKT1, MAPKI,
JUN. TP53. TNF £, L)} PI3K-Akt, MAPK.
AGE-RAGE. IL-17. TNF 25 4/ 518 A0 HAE H
MIEE A, HALH 530 R v R0k, W R E i
Pifi k.

Sk
[1] SHOJI M. Drug therapy for Alzheimer’s disease[J]. Brain and Nerve &
Shinkei Kenkyu No Shinpo, 2010, 62(7): 777-785.



- 1824 - Traditional Chinese Drug Research & Clinical Pharmacology, 2021 December, Vol. 32 No. 12

[2] R, HRERZE, FHoRHE, A5 MEEZIATTRI/R St BRI (ORI oT ik
[J]. m Rt EE 2GR 254, 2019, 35(6): 761-766.

[3] TEeH, £IEFL, Whl, 45 8PS AL B 5E It ).
LA 2= 5 A2, 2017, 36(6): 2581-2585.

[4] Bkt AR, SPal/c. B Sl B AR KR A 2 ICA KT S
HALRIBESE]. FEF 229, 2014, 39(11): 2071-2075.

5] ez, WTE, XIBIE, % went PR 250025 BIAE H K
BRI BCAR(T]. P REZY, 2018, 49(20): 4935-4944.

[6] ZAREH, FERI, Sm, A5 P25 A b o K 2 B FH RO
D252 SR 2588, 2017, 28(6): 824-837.

[7] 26, Wi, BRONEE, A% B A BT AR R R RE TR VR F 1Y
SEIGCHFFELN]. B2 s S oeE, 2012, 25(24): 2989-2990, 2994.

[8] MOEELM, Xk, TR, A%, FETRSHE R VR B AR
PEHIMLRIBFZE[]. Thgh, 2017, 48(13): 2682-2690.

(9] 3K, TRFE, WIHR, S S M A A R LAl
WFFEIRN). PEBCESFIE, 2012, 24(2): 113-116, 119.
[10] BEHT, B2, EF5E, % A 2Mmail X 7B E R
PE/N B PR R ] 8 Tl B, 2020, 41(8): 295-300,

306.

[11] £, kT, EF58, & WHRZ BT A S ST
IRVIE BRI TR, £ TR, 2020, 41(6): 135-141.

[12] wEUd, T, TF5E, 5. GiRRBRILD En: 250064 KL
TR BB SIFE, 2019, 49(17): 47-51.

[13] REHE, 3KT°, FRNLr, 25 Uiatim R IR B RSN LT
PERFSE[)). el B, 2018, 46(22): 145-148.

[14] ZEUs, 7, FLAM, 25 ST RIZE 250 Ko T R4
TP RIAYT B R B B i Ve AL (). Th 2555, 2020, 31
(19): 2325-2332.

[15] KIM J H, LEE S, CHO E J, et al. Neuroprotective effects of
kaempferol, quercetin, and its glycosides by regulation of apoptosis
[J]. Journal of the Korea Academia—Industrial Cooperation Society,
2019, 20(2): 286-293.

[16] $eubpr, 240, 2K, A%, FEARAE B 3% BT AR D e B /N Bl
IO RE Ty Bt 6 2 1B SIS A S )], v ] AR A A
A, 2018, 38(20): 5051-5054.

[17] 5K5E, REF, Kb, 4 5RO St /PGC- 1af5 5l

B0 MPP+i75 5 (1 SH-SYSY AN A i 4731, 2452% 4, 2019, 54
(11): 1976-1981.

[18] ARELER, XUHOTT, X%, 5. Akel7ES-0 O K Ut S gk
AT B B4R, 2012, 12(5): 581-588.

[19] SUN Y, LIU W Z, LIUT, et al. Signaling pathway of MAPK/ERK
in cell proliferation, differentiation, migration, senescence and
apoptosis[J]. J Recept Signal Transduct Res, 2015, 35(6): 600-
604.

[20] BEEE, HEM, RBOG, S5 LR R R X R FEE
Pk A2 TG T Fle—fos, c—junFakAYSEIA[T]. h ESLH )5 7%
Jei, 2015, 21(2): 174-177.

[21] PRI, S, BWEAR, S5, B0 I B L P T K B Th 2
YIP-STAT3 . PS3FEAMEIAT]. IR THEEZG K244k, 2018, 38
(1): 36-39.

[22] STEELAND S, GORLE N, VANDENDRIESSCHE C, et al.
Counteracting the effects of TNF receptor—1 has therapeutic potential
in Alzheimer’ s disease[J]. EMBO Molecular Medicine, 2018, 10
(4): e8300.

[23] GEVLH, 5055, ke, PR S B0 Th BEFHA TR, L7 P B
IR, 2017, 44(2): 262-264.

(24] BURRSE, VPR, 205, . T PIBK/AKE il BT 7 b 25 )
LR E LR L AL EX S A (DI RT & 781 i N M R EE P T S
2019(13): 1593-1599.

[25] B9, 2, FEK, S5 FORT SRR T AR KT WENF-KB/
TNF-ofii 538 H PR3 32 3 o 22 T 1Y 4 FBLRI )], Fh A v B2 25 7%
&, 2017, 32(5): 2064-2069.

[26] DU Y, DU Y, ZHANG Y, et al. MKP-1 reduces AB generation
and alleviates cognitive impairments in Alzheimer’s disease models
[J]. Signal Transduction and Targeted Therapy, 2019, 4(1): 1-12.

[27] B&E T, XS, FETF, S LR W K RURE I AT
JNEBRRE R Z2TT B E I AR IR (B2 R, 2012, 50
(8): 20-25.

[28] J5 7. TL=1THER R AR IEBRS Hh B AR F R ML RS [D]. AR e i
ERRE:, 2015.

Gtk AT



