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Mechanism of Astragali Radix Vesicle-like Nanoparticles for Reducing Blood Glucose in
db/db Diabetic Mice by Regulating Gut Microbiota
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[Abstract] Objective: To study the extraction method and characteristics of vesicle-like nanoparticles
(VLNs) in Astragali Radix decoction, and to explore the mechanism of the VLNSs in reducing blood glucose by
regulating the gut microbiota of db/db diabetic mice. Method: Ultracentrifugation and size exclusion
chromatography were used to enrich VLNs from Astragali Radix decoction, and the morphology, particle size
and concentration of the VLNs were analyzed by transmission electron microscope and nanoparticle tracking

analyzer. The db/db diabetic mice were randomly divided into model group, Astragali Radix VLNs high- ,
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medium- and low-dose (21.1, 10.6, 5.3 g-kg"') groups and metformin group (0.25 g-kg') according to their
blood glucose levels. There were 7 mice in each group, and another 7 C57BL/6 mice were set as the normal
group. The mice were given intragastrically for 3 weeks (once a day), and the changes of fasting blood glucose
were observed every week. Hematoxylin-eosin (HE) staining was used to observe the pathological morphology
of liver and pancreas of diabetic mice. The feces of mice were collected for 16S rRNA diversity detection of
intestinal microbes. Result: The size of the nanoparticles obtained by the two methods was about 200 nm.
Astragali Radix VLNs extracted by ultracentrifugation had a typical saucer-like shape with the concentration of
3.0x10" particles*mL". The morphology of Astragali Radix VLNs obtained by size exclusion chromatography
was relatively poor with the concentration of 2.2x10" particles*mL". After 3 weeks of administration, compared
with the model group, Astragali Radix VLNs high-, medium- and low-dose groups could significantly reduce the
fasting blood glucose of diabetic mice (P<0.05, P<0.01). The VLNs could improve the gut microbiota
dysbiosis, significantly decrease the ratio of Firmicutes/Bacteroidota, and increase the relative abundance of
beneficial bacteria and reduce the relative abundance of harmful bacteria. Conclusion: Astragali Radix VLNs

may reduce the blood glucose of db/db diabetic mice by adjusting the ratio of Firmicutes/Bacteroidota in the

intestinal flora.
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B 1 ' VLNs# TEM(x120 000)
Fig. 1 TEM of Astragali Radix VLNs(x120 000)
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Table 1 Effects of Astragali Radix VLNs on blood glucose in
db/db diabetic mice (x+s,n=7)
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1A 2 3
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F 1324140 12.942.00  14.6+2.0D
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Fig. 2 Pathological morphology of pancreatic tissue of mice in

each group (HE,*x200)
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Fig. 3
group (HE, x200)

Pathological morphology of liver tissue of mice in each
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Table 2 Species difference analysis of intestinal flora of mice in each group (x+s,n=7)

21 51 7l /g kg! Bacteroidota Firmicutes Muribaculaceae Lachnospiraceae Lactobacillaceae
IEH 87.25+4.96 11.10+4.76 73.32+9.94 7.17+3.50 0.30+0.26
i 49.91417.98" 46.26=18.48" 37.94+9.51" 24.01+5.72") 9.10£11.62
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Fig. 4 LEfSe multi-level species difference discriminant analysis
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PR R 2 F6L T TR 55 0BT G - U e 2 T Y I T A
AR T A A AT L L K AR A R
A= X NRA 23 0 55 5% IR 1D B2 (SCFA) | 1t ik = SCFA



9527 B 14
20214E7 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 27,No. 14
Jul. ,2021

52 RUBE PRI A Y, Be A, 38 a8 S TR RE TR /AU
FF R TT 04 Ll A1), A 8 PR /DN BRI R A — 22 1) el
FERS . At AR SRR T db/db /N B g T8 B B

ZREPE R IR W A 45 25 A e SR R D R S RE TR

1o i SRR BOR AR S, SR LA, 45 2 A

PR AR T JEERE TR 1T AULFT 181 17T LL 258, B2 8 A 23 1A 9 A

XiF 3 B UE SC B B VLN Al RE 3 i 8 1 b 18 B R

I 24 35 db/db /N KRB

F Al 35 56 VLN 7] LA o 9] 5 fi7 18 81 A LR

PR /N BRI B, X — 4538 AT g S SOk i 1 AR

VLNs AR B B4 WA I 45 56, b4, iX 5 TENG

DG B 8 T 48 N BRI IR A2 22 VLN, o] DL Y

JY T TR R, o6 5 i 1 B B T 6E 1 T UR0AR 45 T R Y

SR —F ., (BWA B B, aH AL R I O

FBE R R 2911 (miRNA2911) 0] DLW e #E A AR 9 -

FI F& 2 %6 A 4 M A0 38 30 R HE AR R R

VLN B 1 3 ik 5% e Ji T8 0 R G 0B |, 34 TT g

SUR R 7 R S R SRR i W v W E [ 4

20 %, T LA 43 W0 A B A 4 i O Xk o AR TR A

JL B 2SR, SRR T OB (X — 25 R A R —

HWFFAESE . 25 BAr AT AR P TR

VLN i B0 6 5 08 7 %, JF & BB VLNs

AR 38 o 9 Y g T8 TE R R IR db/db B BR /) BRI

B, 2 W18 15 VLNs 1] BB 2 8 1€ BB i 87 i 43, H G

T TR W5 1 AL K I At 25 3R AR F o 55 2547 5

A B,

[(FIFWMR] AXRAEETHEF R,
[8 % k]

(1] Z=B— =R, W25 5 KB .0 LR
YA p R UM AT S L], 2 BR [ 2, 2016, 27
(5):1058-1060.

(2] FEh, X525 8 X 3 O 7 580 19 76 ) R #Lk
WFoE[1]. RELEE2%,2016,1(12):163-165.

(3] Sekomk, Db, JAm 55 . 955 20l S 7/ B w2
LR R 3 A5 A0 B I e 4 L) T AR gl 2
G pEsE ki ,2019,39(4):292-297.

(4] ZETA A0 WKE 5. BT/ U S 405 2%
HoFem 4> F R R [T]. e % 2=k, 2020, 26
(1):52-57.

[5] GUOZZ,LOUY M,KONG M Y, et al. A systematic
review  of

phytochemistry, pharmacology and

pharmacokinetics on Astragali Radix: Implications for
Astragali Radix as a personalized medicine [J]. Int J
Mol Sci,2019,20(6) : 1463.

[6] AGYEMANG K,HAN L F,LIU E W, et al. Recent

[7]

[11]

[12]

[13]

[15]

advances in Astragalus membranaceus anti-diabetic
research: pharmacological effects of its phytochemical
constituents [J]. Evid Based Complement Alternat
Med,2013,2013:654643.

LI X Y,LIANG Z,DU J C, et al. Herbal decoctosome
is a novel form of medicine[J]. Sci China Life Sci,
2019,62(3):333-348.

ZHANG M Z, VIENNOIS E, PRASAD M, et al.
Edible  ginger-derived  nanoparticles: A  novel
therapeutic approach for the prevention and treatment
of inflammatory bowel disease and colitis-associated
cancer[J]. Biomaterials,2016,101:321-340.

CAO M, YAN H J, HAN X, et al. Ginseng-derived
nanoparticles alter macrophage polarization to inhibit
melanoma growth[J]. J Immunother Cancer, 2019, 7
(1):326.

1o ST AREL, TBE AR AN IBIRAR S b 25 0
RIRT ST R (1] R B R— P E R,
2019,21(9):1869-1876.

EDGAR R C. UPARSE: highly accurate OTU
sequences from microbial amplicon reads [J]. Nat
Methods,2013,10(10):996-998.

STACKEBRANDT E, GOEBEL B M. Taxonomic
note: A place for DNA-DNA reassociation and 16S
rRNA sequence analysis in the present species
definition in bacteriology [J]. Intjsystbacteriol, 1994,
44(4):846-849.

WANG Q, GARRITY G M, TIEDJE J M, et al. Naive
Bayesian classifier for rapid assignment of rRNA
sequences into the new bacterial taxonomy [J]. APPI
Environ Microbiol,2007,73(16):5261-5267.
JUSW,MUJY,DOKLAND T,et al. Grape exosome-
like nanoparticles induce intestinal stem cells and
protect mice from DSS-induced colitis[J]. Mol Ther,
2013,21(7):1345-1357.

WANG Q L,ZHUANG X Y,MU J Y, et al. Delivery
of therapeutic agents by nanoparticles made of
grapefruit-derived lipids [J]. Nat Commun, 2013, 4:
1867.

LTI P, KASLAN M, LEE S H, et al. Progress in
exosome isolation techniques[ J]. Theranostics,2017,7
(3):789-804.

MU J Y, ZHUANG X Y, WANG Q L, et al
Interspecies communication between plant and mouse
gut host cells through edible plant derived exosome-
like nanoparticles [J]. Mol Nutr Food Res, 2014, 58
(7):1561-1573.

TREA BRI BTG, A5 52 5 RS TORE X Y

< 117 -



9527 B 14
20214E7 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 27,No. 14
Jul. ,2021

[19]

[20]

[21]

[22]

[23]

[26]

[27]

[28]

A M W I LB DS SRR R AR AR S L0 R
%,2020,42(2):27-31.

B A P KT S 6 R R i TR BRI R B BT
AACE R B BESE L], BN Ve 2 45 5 4435, 2016, 25
(4):360-364.

Ak 5 . R AR I -BYHE DR /) B I W A4 52
(7], @A AL ,2015,43(29):29-30,37.

ZHENG Y J,REN W Y,ZHANG L N, et al. A review
of the
polysaccharide[]]. Front Pharmacol, 2020, 11:349.
OO, Ph = 0, 20, 45 . 8 EAR T T JR 4l A A Ao
T TR PR R BB 24 880 e B E e LI ). SE AT EE
R4k ,2011,25(8):16-17,19-20.

KAI Z, MICHELA P, ANTONIO P, et al. Biological
herb

pharmacological action of Astragalus

active ingredients of traditional Chinese
Astragalus membranaceus on treatment of diabetes: A
systematic review [ J]. Mini Rev Med Chem, 2015, 15
(4):315-329.

IR, TG RN B XA PR O SRR IR 4 4 T B AL
[J]. SZFHBE 242k 7 ,2006,22(21) : 2457-2459.
LAESEN N, VOGENSEN F K, VAN DEN BERG F
W , et al. Gut microbiota in human adults with type 2
diabetes differs from non-diabetic adults [J]. PLoS
One,2010,5(2):¢9085.

SEDIGHI M, RAZAVI S, NAVAB-MOGHADAM F,
et al. Comparison of gut microbiota in adult patients
with type 2 diabetes and healthy individuals [J].
Microb Pathog,2017,111:362-369.

WANG Y Y,YE X L,DING D F, et al. Characteristics
of the intestinal flora in patients with peripheral
neuropathy associated with type 2 diabetes [J]. J Int
Med Res,2020,48(9):300060520936806.

WU H,ESTEVE E, TREMAROLI V, et al. Metformin

- 118 -

[30]

[31]

[32]

[34]

[35]

[36]

alters the gut microbiome of individuals with treatment-
naive type 2 diabetes, contributing to the therapeutic
effects of the drug [J]. Nat Med, 2017, 23 (7) :
850-858.

FUT T, 5K, 7 R . 3B R O R e G &R 1 F
e ik JR (] B 2 0F 58 24 3K, 2017, 46 (4) - 171-
174,178.

NICHOLSON J K, HOLMES E, KINROSS J, et al.
Host-gut
Science,2012,336(6086) :1262-1267.

ZHAO L, ZHANG F, DING X, et al. Gut bacteria

microbiota metabolic interactions [J].

selectively promoted by dietary fibers alleviate type 2
diabetes[ J]. Science,2018,359(6380):1151-1156.
WEI Y, YANG H, ZHU C, et al. Hypoglycemic effect
of ginsenoside Rg, mediated partly by modulating gut
microbiota dysbiosis in diabetic db/db mice[J]. J Agric
Food Chem,2020,68(18):5107-5117.

BERGER E,COLOSETTI P,JALABERT A, et al. Use
of nanovesicles from orange juice to reverse diet-
induced gut modifications in diet-induced obese mice
[J]. Mol Ther Methods Clin Dev,2020,18:880-892.
TENG Y, REN Y, SAYED M, et al. Plant-derived
exosomal microRNAs shape the gut microbiota [J].
Cell Host Microbe,2018,24(5):637-652.

ZHOU Z, LI X H, ZHANG C Y, et al. Honeysuckle-
atypical microRNA2911
influenza A viruses[ J]. Cell Res,2015,25(1):39-49.
ZHOU L K, ZHOU Z, JIANG X M, et al. Absorbed
plant MIR2911
SARS-CoV-2 replication and accelerates the negative

Cell Discov,

encoded directly targets

in honeysuckle decoction inhibits
conversion of infected patients [J].
2020,6:54.

[REHRE XEX]



