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Moxibustion Inhibits Postmenopausal Bone Loss by Regulating the Metabolism of Gut Microbiota-Related Serotonin
HUANG Xianhao, Camilo Alberto Pinzon Galvis, XU Huimin, LU Lingyun, YANG Han, LI Ning, WEN Qian®. Division of
Internal Medicine, Institute of Integrated Traditional Chinese and Western Medicine, West China Hospital, Sichuan
University, Chengdu 610041, China
A Corresponding author, E-mail: wengian@wchscu.cn

[Abstract] Objective To investigate the regulatory effect of moxibustion, a traditional Chinese medicine therapy,
on bone metabolism in ovariectomized (estrogen-deficient) mice and to explore its underlying mechanisms. Methods
Female C57BL/6] mice of 12 weeks old were randomly assigned to five groups, including a sham operation control group
(SHAM), an ovariectomy group (OVX), a group given ovariectomy and broad-spectrum antibiotics (OVX-A), a group
given ovariectomy and moxibustion (OVX-M), and a group given ovariectomy, broad-spectrum antibiotics, and
moxibustion (OVX-A-M), with 5 mice in each group. Then, 4 weeks post-surgery, the mice in each group received broad-
spectrum antibiotics and/or moxibustion intervention for an additional 4 weeks. After that, the mice were sacrificed, and
samples were collected. Micro-CT was used to assess bone volume parameters in the distal femurs, including bone
volume/tissue fraction (BV/TV), trabecular number (Tb.N), trabecular thickness (Tb.Th), trabecular separation (Tb.Sp),
and cortical thickness (Ct.Th). Targeted metabolomics was used to measure serum tryptophan metabolites, and qPCR was
performed to quantify serotonin (SER) receptors Htr2a and Htr2b mRNA levels in bone marrow. In addition, primary
bone marrow mesenchymal stem cells (BMSCs) were treated with serotonin of varying concentration gradients (0, 0.01,
0.1, 1, and 10 pmol/L). Alkaline phosphatase (ALP) staining was performed to assess osteogenic differentiation, while
qPCR was performed to assess the expression of Collal, an osteogenesis-related gene, and serotonin receptors Htr2a and
Htr2b. Results  Compared with the SHAM mice, the OVX mice exhibited significant deterioration in bone
microarchitecture, showing decreased BV/TV ([10.57 £ 2.82]% vs. [4.20 £ 0.96]%, P < 0.01), reduced Tb.N ([3.16 + 0.11]
vs. [2.25 + 0.15], P < 0.01), increased Tb.Sp ([0.31 + 0.01] vs. [0.45 £ 0.03], P < 0.01), and decreased levels of serum
tryptophan metabolite SER. Compared with the OVX mice, the OVX-M mice showed a notable improvement in bone
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microarchitecture, with BV/TV increasing to (7.51 + 1.42)% (P < 0.05), and elevated levels of serum SER and bone

marrow Htr2a gene expression (P < 0.05). However, the effect of moxibustion in reversing bone loss in OVX mice

disappeared when the gut microbiota was disrupted by broad-spectrum antibiotics. OVX-A-M mice had significantly

lower serum serotonin levels compared to OVX-M mice (P < 0.001). According to the findings from the in vitro

experiments, SER enhanced the osteogenic differentiation of BMSCs, with the optimal effect achieved at a concentration

of 0.1 pmol/L. Furthermore, SER at 0.1 umol/L significantly increased the expression levels of osteogenesis-related genes

Collal and Htr2a (P < 0.05). Conclusion Moxibustion therapy can inhibit postmenopausal bone loss, potentially by

regulating gut microbiota-derived SER, activating the 5-HT2A receptor, and promoting the osteogenic differentiation of

BMSCs.

[Key words] Postmenopausal osteoporosis
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Gut microbiota Serotonin
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SHAMA, B VIR AROVXA, JIEYIBRA G I 154
T4l (ovariectomy and antibiotics group, OVX-A), Bl
HYIBRA G X % T W4l (ovariectomy and moxibustion
group, OVX-M) K BB YR A5 ik brd: R+ ilal i 3L
% 4 (ovariectomy, antibiotics, and moxibustion group,
OVX-A-M). HMFHILEL
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Table 1 Intervention methods for each group of mice

Group Intervention method

SHAM Intervention started 4 weeks post sham operation. The mice were given normal sterile drinking water for 4 weeks. The mice were fixed in a

restrainer for 20 min every other day for 4 weeks.

[6)%:¢ Intervention started 4 weeks post ovariectomy. The mice were given normal sterile drinking water for 4 weeks. The mice were fixed in a

restrainer for 20 min once every other day for 4 weeks.
OVX-A

Intervention started 4 weeks post ovariectomy. The mice were given sterile drinking water and broad-spectrum antibiotics (1 g/L ampicillin and

0.5 g/L neomycin). The water was changed daily. The mice were fixed in a restrainer for 20 min every other day for 4 weeks.

OVX-M

Intervention started 4 weeks post ovariectomy. Normal sterile drinking water was given for 4 weeks. The mice were fixed in a restrainer and

moxibustion was performed with smokeless moxa sticks (0.7 cm diameter) on Shenshu and Pishu acupoints for 20 min once every other day

for 4 weeks

OVX-A-M Intervention started 4 weeks post-ovariectomy. The mice were given sterile drinking water with broad-spectrum antibiotics (1 g/L ampicillin and
0.5 g/L neomycin). The water was changed daily. The mice were fixed in a restrainer and moxibustion was performed with smokeless moxa
sticks (0.7 cm diameter) on Shenshu and Pishu acupoints for 20 min once every other day for 4 weeks.

SHAM: sham operation group; OVX: ovariectomy group; OVX-M: ovariectomy and moxibustion group; OVX-A: ovariectomy and antibiotics group; OVX-

A-M: ovariectomized, antibiotics, and moxibustion group.
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Fig 1 Moxibustion improves the microstructure and bone mass of cancellous bone of distal femurs in OVX mice

The abbreviations were explained in the note to Table 1. A, Three-dimensional imaging of the cancellous bone structure of the distal femur in each group; B-E,

quantitative analysis of BV/TV, Tb.Th, Tb.N, and Tb.Sp of the distal femur cancellous bone in each group (n = 5). "P<0.05 " P<0.0l.
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Fig 2 Moxibustion increases serum serotonin levels and the receptor Htr2a gene expression in the bone marrow of OVX mice

The abbreviations were explained in the note to Table 1. A, Serum amino acid metabolomics OPLS-DA plot (n = 3); B, serum amino acid metabolites Z-score plot

(1= 3); C and D, gene expression levels of serotonin receptors Htr2a and Htr2b in the bone marrow of each group of mice (1= 5). ~ P < 0.05.
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Fig 3 The removal of gut microbiota weakens the effect of moxibustion on inhibiting bone loss in OVX mice

The abbreviations were explained in the note to Table 1. A, Three-dimensional imaging of the cancellous and cortical bone structure of the distal femur in each

group; B-E, quantitative analysis of BV/TV, Tb.Th, Tb.N, and Tb.Sp of the distal femur cancellous bone in each group (n = 6); F and G, quantitative analysis of Ct.Th and
Ct.ar/Tt.ar of the distal femur cortical bone in each group (1 = 6). "P<0.05 " P<0.01,"" P<0.0001.



134 PUN S22 (B2 )

% 5645

p (serotonin)/(ug/mL)

> &F
%QS'O

N
& 2 2
O4 04$04‘*;v

4 FEERE R IR ROVX/NRSERKF
Fig 4 The removal of gut microbiota decreases the serum SER elevated by

moxibustion in OVX mice

The abbreviations are explained in the note to Table 1. n = 3, " P<0.05,

P
P <0.001.
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Fig 5 SER promotes osteogenic differentiation of BMSCs and increases Htr2b mRNA

A, BMSCs were cultured in osteogenic induction medium with SER (0, 0.01, 1, 10, and 100 umol/L) for 7 days, followed by ALP staining (original magnification x

10); B, relative mRNA expression levels of the osteogenic marker gene Collal in each group (n=3); C and D, relative mRNA expression levels of serotonin receptors Htr2a

and Htr2b in each group (n=3). “P<0.05.
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