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Improvement effects and mechanism of total flavonoids from Bidens pilosa on Alzheimer’s disease

PANG Xiaojun"?, TANG Fengman’, LI Qiangian' (1. Dept. of Pharmacy, Qinzhou Second People’ s Hospital,
Guangxi Qinzhou 535099, China; 2. College of Pharmacy, Guangxi Medical University, Nanning 530021,
China; 3. Dept. of Pharmacy, Qinzhou Maternal and Child Health Hospital, Guangxi Qinzhou 535099, China)

ABSTRACT OBJECTIVE To investigate the improvement effects of total flavonoids from Bidens pilosa (TFB) against
Alzheimer’s disease (AD) and elucidate its potential mechanism. METHODS The network pharmacology was adopted to explore
active constituents and core targets of TFB for AD, followed by gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analyses. Based on the results of network pharmacology, an AD model was induced in
male BALB/c mice by D-galactose subcutaneous injection and aluminum chloride gavage. The effects of TFB on behavioral
indicators (including escape latency, the number of platform crossings, and the proportion of dwell time spent in the original
platform quadrant) , as well as on acetylcholinesterase (AChE), acetylcholine (ACh), choline acetyltransferase (ChAT), amyloid
B-protein (AB), phosphorylated Tau protein (p-Tau), and inflammatory factors [interleukin-18 (IL-18), IL-6, and tumor necrosis
factor-a (TNF-a)] were investigated. Additionally, its effects on the pathological changes in hippocampal neurons, as well as the
expressions of related proteins and mRNAs were evaluated. RESULTS Network pharmacology revealed 6 active components in
TFB (e.g. luteolin, quercetin, kaempferol) and 165 overlapping targets with AD, including 29 core targets (4ktl, TP53, etc.).
The common targets were primarily enriched in biological processes such as positive regulation of gene expression and negative
regulation of apoptotic processes, molecular functions including enzyme binding and identical protein binding, cellular components
like extracellular space, plasma membrane and receptor complex, as well as signaling pathways such as cancer pathways and
phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway. The results of animal experiments showed that,
compared with model group, the pathological changes such as disordered arrangement, degeneration, and necrosis of neurons in
the hippocampal CA3 region of mice in administration groups
A BEE&TH M B 2= 0 5 R R R B H (No. were alleviated. The escape latency (except for the low-dose

202014810 TFB group) , the contents of AChE (except for the low-dose
* SE—RE TARZIN, EAELIW. BRI P22 W R ZY TFB group) , AB40, AP42 (except for the low-dose TFB
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group), p-Tau (except for the low- and medium-dose TFB groups), IL-1B, IL-6 (except for the low-dose TFB group), and TNF-

« in brain tissue, as well as the expressions of Bax and caspase-3 mRNA, were all significantly shortened/reduced/down-regulated.

Conversely, the number of platform crossings, the proportion of dwell time spent in the original platform quadrant, the contents of
ChAT and ACh, the phosphorylation levels of PI3K and Akt, and the mRNA expressions of PI3K, Akt and Bcl-2 (except for PI3K
mRNA and Akt mRNA in the low- and medium-dose TFB groups, and Bcl-2 mRNA in the low-dose TFB group) were all
significantly increased (P<<0.05 or P<<0.01). CONCLUSIONS TFB can exert anti-AD effect through multiple components,
multiple targets, and multiple pathways. Its underlying mechanisms may be related to the activation of the PI3K/Akt signaling

pathway, improvement of the cholinergic system, reduction of AR deposition and Tau protein hyperphosphorylation, as well as

inhibition of neuroinflammatory responses and neuronal apoptosis.

KEYWORDS total flavonoids of Bidens pilosa; Alzheimer’s disease; PI3K/Akt signaling pathway; network pharmacology
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b2 R IR & (B85 SQ201) W [ 1 v kil AE
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PL “Alzheimer’ s disease” 24 5 8 1] , £ GeneCards .
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TFB 253 (LA BERACHTE ) | 2R 2 5 WR ST 21/ Bl
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F1 FHNMREEERE FHFEAXB ETFTEKR
=B mE LB (x +5,n=10)

b iy FEARIK  FFRE R b
M (1=10) 29321191 102242.63 28354530
AL (1=10) 4088+ 744 278+2.63° 971£736"
BRARIFA (1=10) 312611204 6441422 2355491
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a: 575 IR IR LA, P<<0.05;b: 525 X IRA L3, P<0.01;c:
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H1E.
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10 min, B35, DABESR A H AChE . ACh, ChAT
AB(AB40.AB42) .p-Tau S #4E A (IL-1B . IL-6 \ TNF-a)
Pk RS GRS U A R

ghEL (R 2) R, 555 (AN BRZH oA, SR A /N BRUIG
21241+ AChE \AB40 . AB42 .p-Tau IL-13 .IL-6 \ TNF-a 7
w50 FH R, ACh  ChAT & 1 g K (P<<0.01)
ERIRIZ A, 45 25 /NG 2H 20 AChE (TFB IG5
H A BRAN) L AB40 . AB42 (TFB Ik 7 & 40 B 41 ) . p-Tau
(TFBAIK . FP 7 B 41 B4 ) JIL-18 . IL-6 ( TFB IG5 & 20 B
A1) TNF-a 75 534 5 25 PG, ACh  ChAT % &34 i 2 7+
fmr, L TFB 7 4] AB42 & & I IR T Eh R £ 2 k5%
2 (P<<0.058¢ P<<0.01),
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£R2 HANRKALZH AChE ACh . ChAT AB.p-Tau RREEFRELLRK (x+5,n=6)

Eibl) AChE/(nmol/L) ACh/(ng/mL) ChAT/(pmol/L) ABAO/(pg/nL) Ap42/(ng/mL) p-Tau/(pg/mL) 1L-1B/(pg/mL) 1L-6/(pg/mL) TNF-o/(pg/mL)
7SR 184.54£1637 49804365 MITE99 10630017519 31314148 101.12£11.69 2671241921 3784160 172862087
R 2365741164 2800£230° 2413627 142246007 46331150 137.04£2.90° 306.00+4.94* 174065 3435543795
FXTE 2 i 187.54£10.72° 36.63+127 2B034+1245° 10981173000 4120£178 11250+ 16.63° 280621495 39.98£ 1.8% 283842607
TEB {4 235.81+5.04 35044283 230194651 126607514267 4496£098 13621522 30939+ 730° 18415 296.12+16.92°
TRB 54 2329+ 1417 35974345 U402 £842 1262338464 BO5+151 127174670 20835+ 641" 3034131 278591534
TFB 4 20928£8.05° 4163416 0311800 11562412007 3921£1.99" 120.73£5.67° 291.03+10.50° 37344084 BRISEBI0
a: 575 PR RIS, P<<0.01;b: ST HLAL , P<0.01;0: AL AL, P<0.05;d: 5EEMR 4 IRFF 41 L, P<0.05.

/INETE Ty CA3 DX 28 ST 25 (AN 200 A% 61 4 175 B0 258 ) Al
2 S BEAS L (it o DX 22T HESIARES R TTIRSE
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BRIER, IF PRI B i 2T IR AL . 45 25041/ BRI
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C. ML AR
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B3 &ENMNREICASRHATHEFTUHNER
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2.2.5  KZHZrh PISK/AKt {5530 B M A T AHOCHR 1 2
FRES Uil

K JH Western blot £ Il A 5¢ 85 FH A9 £ 5 o HA 41
(B3 3 H) /N BUZRAF O I 2 2038 o, HH RIPA 24 (75
4% B LTk T SRRl 1R D 71 590 ) IR 2R A L B0 5 B
T, LA BCA 10 5 88 (R 2 Je AT A8 VAL 1, HUE
PEER S AL, SEAT T e SR R A - SR TR 7 T g 58 e P
WK B H56 78 R AW MR L, DL 5% [R5 45 55
1% 4= 1ML F1AR T 28 R 30 2 hy A B-actin  PI3K
p-PI3K . Akt.p-Akt —HT (FiFE LA 1:1 000), T4 °C
TR R VRS i A Y T (R RE LB
1:10 000) , T3 F W 16 min; PEM T , LA ECLAb2#
KGR F W 1% . R Image J 5430145 B H Y
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L p-PI3K 5 PI3K  p-Akt 55 Akt 35 7KF HAE 26 /8 X 1
B LKF .

SR FHSE 986 B PCR YEKLINAH O mRNA [ #3K
BAs 4l (B2 3 3) /N BRARAF 9 A 2 2005 2, 1 FH RN 44
B S PRI S RNA, RF I MR Sl S, 420 5
IR B FERE % RNA %% 4 cDNA, LA cDNA
SRR, AT PCRY M . ROWAR RALHEIE 115149 (L
P75 B B DL 26 3) 4% 0.5 wL, cDNA AR 2.0 L,
DYkt 5.0 pL, TTAZEEK 2.0 wLo B AFUF .
95 °C HiZE 1 2 min; 95 °CZE 1 2 min, 60 °CiE X 15 s,
72 °CIEA 60 s, FLAFFR 40 Yk o LAH b - 3- B 1 e =L 1l
(GAPDH) JNZ:, R 2795115 PI3K Akt . B 4fi ik
[ 9% 2 (B cell lymphoma 2, Bel-2) | Bel-2 #H 56 X 7 14
(Bcl-2 related X protein, Bax) Bt K 4K [ iff 3 (caspase-3)
mRNA [ AHXS Pk 2, 455 LI B2 o0 2 R 70 —1k
VIS

#3 PCR3|MFINRF=YKE

A E5H(5-3") EiH(5-3") 14K b
PBK CGAGACGGCACTTTCCTTGT CGGTGGCAGTCTTGTTAATGAC 2
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