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The effect of Astragalus membranaceus (Fisch.) Bge. on intestinal
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Abstract: Aging can cause degenerative changes in the function of multiple tissues and organs in the body.
Gastrointestinal diseases and intestinal dysfunction are very common in the elderly people. The purpose of this
study is to explore the effect of the total extract of Astragalus membranaceus (Fisch.) Bge. on intestinal function
and gut microbiota homeostasis in natural aging mice, which will provide clues for further mechanism study. The
natural aging mice model is established and animal experiments follow the regulations of the Animal Ethics
Committee of Nanjing University of Traditional Chinese Medicine. The overall health of the mice was evaluated
by the "frailty index" scoring method. The intestinal absorption and transport function were measured by detecting
intestinal glucose absorption capacity, transport time, lipase and amylase activities of aging mice. Intestinal

inflammation was assessed by detecting inflammatory cytokines by enzyme-linked immunosorbent assay (ELISA).
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The pathological changes in the intestines of aging mice were tested by hematoxylin-eosin (H&E) staining and
alizarin blue (AB) staining. The qRT-PCR method was used to explore the gene transcription level related with the
proliferation and differentiation of intestinal stem cells. Microbiota analysis based on 16S rDNA were used to
evaluate the composition of gut microbiota. The results showed that Astragalus had a tendency to reduce the
"frailty index" of aging mice, but did not show a significant difference. In some indicators of aging phenotype,
Astragalus has the most significant effect on hair loss and physical fitness. In terms of intestinal function,
Astragalus could increase intestinal glucose absorption capacity, shorten intestinal transportation time and
promote lipase secretion in aging mice. The levels of inflammatory cytokines such as tumor necrosis factor-a
(TNF-a) in the aging intestinal tissue were reduced after Astragalus administration. Astragalus also
ameliorated the pathological degeneration of the intestinal tissue of aging mice by increasing the length of
small intestinal villi, the thickness of colonic mucosa and goblet cell number. In addition, Astragalus elevated
the expression of genes associated with the proliferation and differentiation in jejunum and modulated gut
microbiota, especially restoring the abundance of Lachnospiraceae. Taken together, the above research results
demonstrate the total extract of Astragalus as a key factor improving the intestinal function and gut microbiota

homeostasis of aging mice.
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Table 1

repeat containing G protein-coupled receptor 5; Casp3: Caspase 3;

Primers for target genes in mice. Lgr5: Leucine rich

Muc2: Mucin 2; LyzI: Lysozyme 1; Neurog3: Neurogenin 3;
Atohl: Atonal homolog 1

Gene Primer (5'-3")
S-Actin Forward: CTACAGCTTCACCACCACAG
Reverse: ACCGCTCGTTGCCAATAGTG
Lgr5 Forward: TTACGTCTTGCTGGAAATGCT
Reverse: AGCATAAGCACTTTGAGGCTG
Wnt3 Forward: TTCTTACTTGAGGGCGGAGA

Reverse: ACCCGTATCCCAGACAGGA

Notchl Forward: GCTGCCTCTTTGATGGCTTCGA
Reverse: CACATTCGGCACTGTTACAGCC
Casp3 Forward: TGACTGGAAAGCCGAAACTC
Reverse: AGCCTCCACCGGTATCTTCT
K167 Forward: TGCCAGGCTATGCTAATGACT
Reverse: GCTCTTGTGTGGTGTGGACT
Muc?2 Forward: GCTGACGAGTGGTTGGTGAATG
Reverse: GATGAGGTGGCAGACAGGAGAC
Lyzl Forward: GAGACCGAAGCACCGACTATG
Reverse: CGGTTTTGACATTGTGTTCGC
Neurog3 Forward: CGCAAGAAGGCCAATGATCG

Reverse: AGAAGCTGTGGTCCGCTATG

Atohl Forward: AGCAAACAGGTGAATGGGGT
Reverse: CTCCGACAGAGCGTTGATG
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Figure 1 The total score of frailty index in different groups. n =
6-8, mean + SEM. “P < 0.01
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Figure 2  Effects of Astragalus on the daily indicators of aging phenotype. A—C: Changes of body weight, water and food consumption in

different groups; D: Representative pictures of hematoxylin-eosin (H&E) -stained skin tissue. Scale bar: 282.5 pm; E: Number of hair

follicles; F, G: Evaluation of forepaw (F) and all-paw (G) grip strength; H: Evaluation of swimming time. #n = 6-8, mean = SEM. 'P < 0.05, ™
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Figure 3  Effects of Astragalus on the intestinal function and inflammatory cytokines of aging mice. A: Glucose absorption ability; B: Area

under the curve (AUC) of different groups; C: Lipase and amylase activity in ileum; D: Whole gut transit time; E: Colon and small intestine

length; F: Representative pictures of intestine; G: Inflammatory cytokines including TNF-a, IL-6 and IL-10 in colon. n = 6-8, mean + SEM.
"P<0.05, P <0.01. TNF-a: Tumor necrosis factor-a; IL: Interleukin
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Figure 5  Effect of Astragalus on the transcription of mRNA related
to the proliferation and differentiation of intestinal stem cells. A:
mRNA levels of Lgr5, Wnt3, Notchl, KI67 and Casp3 in jejunum;
B: mRNA levels of Muc2, Lyzl, Neurog3 and Atohl in jejunum.
n=>5-6, mean = SEM. "P < 0.05, "P < 0.01
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Figure 4 Effect of Astragalus on pathological changes of intestine tissue in aging mice. A: Representative pictures of H&E-stained jejunum

tissue. Scale bar: 500 um; B: Height of intestine villi and crypt in jejunum; C: Representative pictures of PAS-stained colon tissue. Scale

bar: 500 um; D: Number of goblet cell and thickness of mucus layer in colon. n = 6-8, mean = SEM. "P < 0.05, "P < 0.01
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Figure 6 Astragalus regulates the intestinal microbiota dysbiosis on the overall level in aging mice. A: Principal component analysis (PCA) based
on Bray-Curtis similarity; B: Shannon index in different groups; C: Relative abundance of gut microbiota at the phylum level; D, E: Relative
abundance of the significantly-altered bacteria at the phylum levels, including Actinobacteriota and Campilobacterota. n = 5-6, mean +
SEM. "P<0.05
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Figure 7 Astragalus partly improves the relative abundance of Firmicutes in aging mice. A: Relative abundance of Lachnospiraceae at the
genus level; B: Relative abundance of Firmicutes at the genus level except Lachnospiraceae; C: Relative abundance of Lachnospiraceae at
the species level; D: Relative abundance of Firmicutes at the species level except Lachnospiraceae. n = 5-6, mean + SEM. P < 0.05, P <

0.01, P <0.001

Classm Class

L | L0l | | | | IFimicuwsClostridiaLachnospiralesLachnospiraccac:Lachnospiraceac_UCG-006 I3 lﬁ:}{"‘;gg
Firmicutes;Clostridia; Lach irales;Lach i Eut ium_oxidored _group 2 C—H
| B ] N | Firmicutes;Clostridia;Lachnospi Lachnospi Lachnospi > UCG-001 :)
Firmicutes;Clostridi illospi i Negativibacillus o
[ | | ‘ Firmicutes;Clostridia;Clostridiales;Clostridi didatus_Artt i =2,
i Firmicutes;Clostridia;Lachnospiral hnospi Marvinbryantia -3
| Firmi ;Bacilli;Erysipelotrichales;Erysipelotrick = k_f _Erysipelotrichaceae
Firmicutes;Bacilli;Lactobacillal P P
| Firmicutes;Bacilli;Staphyl 1 Il Semella
| IFi. i ;Clostridia;Lack irall t i t i - NK4A136_group
‘ Firmicutes;Closlridia;Clostrid_ia__vadin_BBGO )_group; norank_o__Clostridia_vadinBB60_group;
] norank_f norank o__Clostridia_vadinBB60_group
] Ll i | Fir lostridia;Lact ales; Lact Ei
Firmi lostridia;Lachnospirales;Lachnospi lassified_f_ I
[ | \ Firmicutes;Clostridia;Lachnospiral hnospi T 11
|-| Firmicutes;Clostridia;Clostridiales;Clostridiaceae;Clostridium_sensu_stricto_1
[ Firmicutes;Clostridia;Lachnospiral hnospi Lachnospi . UCG-010
[Firmicutes;Clostridia;Oscillospiral, i ournierella
. Firmi lostridia;Oscillospi Butyrici UCG-009
Firmi ;Clostridia les-Tissierellales; A ;Family XIII_UCG-001
| ]| B | [Firmicutes;Clostridia;Oscillospirales;Oscillospi olidextribacter
| | Firmi lostridia;Oscillospi Oscillospi Oscillibacter
‘ Firmi ;Clostridia;Lact iral h i h i > FCS020_group
Firmicutes;Clostridia;Pep p les-Tissierellales;A lassified f_A
| [ e Firmicutes;Clostridia;Lachnospiral hnospi hnoclostridium
- Firmicutes;Clostridia;Oscill \! R
K< > > > > > > DT ST
— N W R, DRDLEOO00000
BRI VN

Figure 8 The heat map shows the relative abundance of Lachnospiraceae at the genus level in different groups
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Figure 9 Astragalus modulated the relative abundance of other phyla except Firmicutes in aging mice. Relative abundance of the significantly-

altered bacteria in Bacteroidota (A), Desulfobacterota (B), Actinobacteriota (C), Proteobacteria (D). n = 5-6, mean + SEM. "P < 0.05, “P < 0.01
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