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Abstract
Osteoporosis is one of the common orthopaedic diseases, characterised by increased bone
fragility due to reduced bone mass and microstructural degeneration, posing a great threat
to patients’ quality of life and safety. In recent years, Chinese medicine (natural) has had a
unique advantage in the treatment of osteoporosis and has shown good efficacy. Autophagy
is an inherent cellular survival mechanism for the removal and recycling of damaged
proteins and organelles and plays an important role in maintaining the stability of the
intracellular environment and organ function. Therefore, this article aims to provide a
comprehensive review of these Chinese medicines (natural) for the treatment of osteoporosis
through autophagy. They have been intensively studied and reported to have effects such as
promoting osteogenesis and anti-bone resorption. The Chinese medicines include plants
such as Cistanche deserticola, Epimedium, Curculigo orchioides Gaertn, Achyranthes bidentata
Blume, Leonurus japonicus Houtt, Ginseng, Chuanxiong Rhizome, Eucommia ulmoides, Morindae
Officinalis Radix, Curcuma longa, Polygoni Cuspidati Rhizoma et Radix, Anemarrhena
asphodeloides Bunge, Salvia miltiorrhiza Bge and Pueraria Lobata, thus providing evidence for
the use of alternative herbal therapies for the effective treatment of osteoporosis.
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Background

Osteoporosis (OP) is a common systemic skeletal disorder caused by
an imbalance in the remodelling process where bone resorption
exceeds bone formation [1, 2]. Its pathological features are dominated
by a reduction in mineralized bone mass and destruction of bone
tissue microstructure, which subsequently leads to increased bone
fragility and fracture risk. The prevalence of osteoporosis worldwide is
over 15% in people aged 50 and over 70% in people aged 80 and
above, causing a great impact on the daily life of patients and even
endangering their lives in serious cases [3–5].
The pathogenesis of OP can be attributed to a variety of

mechanisms, such as ageing, oxidative stress, oestrogen deficiency and
osteoimmunological abnormalities, which have not yet been fully
elucidated and ultimately result in the disruption of bone homeostasis
and hence the development of the disease [6–10]. The mechanisms
regulating bone homeostasis are divided into 2 main aspects: bone
resorption and bone formation that are influenced by a variety of cells.
Bone marrow mesenchymal cells (BMSCs) are subpopulation of
mesodermal cells derived from bone marrow, adipose tissue, umbilical
cord blood and synovial membranes, and have a strong ability to
differentiate into osteoblasts, adipocytes, etc [11–13]. They can also
secrete a variety of osteogenic factors and vascular growth factors to
promote bone regeneration. BMSCs also play a critical role in bone
metabolism [14]. It has been suggested that reduced bone formation is
a key component of the pathogenesis of OP, and those osteoblasts
(OBs), which are found in bone tissue and are the direct bearers of
bone formation, are the cells that receive stimuli to exert their effects
and eventually differentiate into mature osteoblasts, whose main role
is to form the bone matrix and regulate the proliferation and
differentiation of osteoclasts in a variety of ways [15–18]. Osteoclasts
(OCs) are derived from the monocyte-macrophage lineage and are
primarily responsible for regulating the bone resorption aspects of
bone tissue metabolism in the body. It is a terminal large
multinucleated cell whose main function is the resorption of old bone
mass, a role that is achieved mainly through the secretion of matrix
metalloproteinases and the histone enzymes K, H+ and Cl– [19, 20].

Macrophage colony-stimulating factor was found to stimulate
osteoclast precursor cells to bind to the corresponding
macrophage-colony-stimulating factor and induce RANK expression,
thereby stimulating the corresponding receptor to mobilise
downstream signalling factors to promote osteoclast production,
which is closely related to bone remodelling and bone repair [21]. The
OBs and OCs are in a mutually supportive and balanced relationship,
and their abnormal function plays an important role in the
development of OP, so only when they reach relative homeostasis can
the bone mass of the body appear normal. Osteocytes are ancient cells
that make up approximately 95% of the adult skeleton. Osteocytes
differentiate from OBs, and when OBs produce osteoid on the bone
surface at a smaller rate than neighbouring cells, they become
encapsulated in osteoid and slowly differentiate into osteocytes [22,
23]. A key feature of osteocytes is their ability to regulate the function
of OBs and OCs [24]. The luminal tubule system is the ideal network
for transmitting biochemical signals from deeply embedded osteocytes
to bone surface OBs, thereby allowing osteocytes to influence the
activity of OBs, and similar osteocytes are effective supporters of OCs
formation and activation in vitro [25–27].
Autophagy is a biodegradation method unique to eukaryotic cells
and is also a cell survival mechanism. It is a catabolic and
energy-generating process that degrades damaged organelles,
abnormal proteins, pathogenic microorganisms and other materials,
promoting the “recycling” of cellular components and thus providing
energy to “starving” cells, as well as promoting protein renewal
metabolism and maintaining intracellular homeostatic functions
[28–30]. Autophagy is a dynamic, multi-step process that can be
divided into four parts: Initiation, Nucleation-Elongation-Maturation,
Fusion and Degradation [31–33].
Traditional Chinese medicine (TCM) has received much attention
from national and international researchers in recent years due to its
unique advantages in the treatment of a wide range of diseases. For
example, many natural herbal medicines are effective in the treatment
of a variety of orthopaedic conditions, including osteoporosis and
osteoarthritis of the knee [34–37]. Recent studies have shown that
natural herbal remedies have a modulating effect on osteoporosis,
promoting a balanced relationship between bone formation and
breakdown by regulating bone autophagy, thereby improving bone
mineral density and biomechanical properties, and reducing bone
microstructural degeneration. Ancient Chinese medical texts, for
example, also contain many authoritative classical formulas such as
Qing E Wan, Er Zhi Wan, Zuo Gui Wan and You Gui Wan, to name but
a few. In a study by Qing E Wan in the treatment of postmenopausal
women with osteoporosis, it was found that the treatment group
significantly increased the patients’ bone mineral bone mineral
density (BMD), osteocalcin and bone alkaline phosphatase activities,
and significantly decreased the levels of serum matrix
metalloproteinase-2, bone cross-linked C-telopeptides of type The
levels of serum matrix metalloproteinase-2, bone cross-linked
C-telopeptides of type I collagen, urine bone cross-linked
N-telopeptides of type I collagen were significantly reduced,
indicating that Qing E Wan has anti-postmenopausal osteoporosis
effects. In a 6-month study of Er Zhi Wan for osteoporosis, significant
improvements in BMD and serum E2 were found in patients in the
treatment group [38]. In a related study by Zuo Gui Wan and You Gui
Wan, 2 Chinese herbal compound formulas were found to increase
BMD to varying degrees in the treatment of different types of OP,
while also improving serum bone-related markers and
osteogenesis-related markers to varying degrees [39, 40]. In summary,
TCM has been shown to be effective and safe in anti-OP [41–43]. TCM
has studied a variety of cellular pathways anti-OP, but there are few
summaries of studies on autophagy.
Therefore, the keywords “osteoporosis”, “autophagy”, “natural
herbal medicine” and “compounds of natural herbal medicine” were
used. A literature search was conducted in PubMed. The literature
related to bone quality was screened and drugs with anti-osteoporosis
and autophagic effects were included. Studies unrelated to
osteoporosis and autophagy were excluded, and in addition, drugs
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with defects in experimental design were excluded. In summary, this
paper discusses the role of herbal medicines targeting the regulation of
autophagy in the treatment of osteoporosis and their potential
regulatory mechanisms.

Chinese Medicine (Natural)

Cistanche deserticola
Cistanche deserticola is a Chinese herbal medicine commonly used in
traditional medicine. It is the dried fleshy stem with scaly leaves of
Cistanche deserticola Y.C. Ma or Cistanche tubulosa (Schenk) Wight of the
family Lietangidae [44]. According to recent research, Cistanche
deserticola is a Chinese medicine containing a variety of chemical
components, such as phenylethanol glycosides, cyclic enol ether
terpenoids, lignans, sugars and other chemical components, which
have a wide range of pharmacological effects, mainly used for
neuroprotection, immunomodulation, anti-aging, anti-osteoporosis,
hepatoprotective, etc [45–51]. Cistanoside A (Cis A) is a
phenylethanol glycoside extracted from Cistanche deserticola, a
component with mainly antioxidant activity and anti-inflammatory
properties, also used in the treatment of osteoporosis [52–55]. Cis A
increased bone strength, bone mineral density and improved bone
trabecular microarchitecture in ovariectomize (OVX) mice as an
anti-osteoporotic effect, while serum biochemical analysis of bone
formation and bone resorption markers showed that Cis A decreased
the activity of bone resorption markers such as anti-tartrate acid
phosphatase (TRAP), deoxypyridinoline and histone proteinase K, and
increased the activity of bone formation markers alkaline phosphatase
(ALP) and bone Gla-protein. The mechanism of Cis A was found to
down-regulate TRAP 6, RANKL protein levels and NF-κB signalling
cascade, up-regulate OPG protein expression levels and PI3K/Akt
signalling cascade and improve the OPG/RANKL expression ratio. It
was demonstrated that it could inhibit osteoclastogenesis and promote
osteoblastogenesis through TRAF6-mediated coordinated inhibition of
NF-κB and stimulation of the PI3K/Akt pathway, thus acting as an
anti-osteoporosis agent. The protein quantification of Protein 2 light
chain 3 (LC3-II) is widely used to examine and evaluate the
autophagic activity of cells and has been used as a marker of
autophagy, while ATG 7 and Beclin 7 proteins, also involved in
autophagy, have been shown to be involved in the mineralization of
osteoblast lines [56, 57]. In a study of the effect of Cis A on primary
osteoblasts, it was found that Cis A (10 μM) promoted the
mineralization of primary osteoblasts, while the expression of Beclin-1
and LC3 II/I increased in Cis A cultured primary osteoblasts,
demonstrating that Cis A promotes the induction of autophagy in
primary osteoblasts and, through autophagy, the differentiation of
primary osteoblasts [58]. The Wnt/β-catenin pathway has been
reported in many studies of autophagy in tumour diseases, and studies
of the mechanism of osteogenesis in primary osteoblasts by Cis A, it
was found that inhibition of autophagy can affect both differentiation
and mineralization of primary osteoblasts [59–61]. Further studies
revealed that Cis A-treated primary osteoblasts upregulated the
expression levels of Beclin-1 and LC3, indicating that Cis A induced
primary osteogenic autophagy. The authors then found that primary
osteoblast differentiation and mineralization as well as autophagy
were blocked by blocking the Wnt/β-catenin pathway inhibitor
(Dickkopf-1). The involvement of Cis A in the Wnt/β-catenin pathway
was further confirmed by protein blotting to induce autophagy,
down-regulate apoptosis and promote osteogenesis. In general, TCM
has the advantage of being multi-component and multi-acting, with
the different components of Cistanche deserticola having their own
effects, of which Cis A has been shown to have anti-OP effects in vitro
and in vivo, either through autophagy or anti-inflammatory effects,
which is in line with the characteristics of TCM.

Epimedium
Epimedium is a deciduous or evergreen perennial herb of the family
Berberidaceae, commonly used in Chinese medicine, with flavonoids as
the main active ingredients, such as epimedoside, epimedoside A,

epimedoside B and epimedoside C. It has a wide range of medicinal
uses [62, 63]. As Chinese medicine continues to develop and advance,
research on Epimedium is becoming more and more advanced and it
has been found that Epimedium and its active ingredients can treat a
variety of diseases such as reproductive, neurological and bone related
diseases [64–67]. A study reported that the water extract of Epimedium
could prevent bone loss, and showed that treatment with water extract
of Epimedium could restore estradiol levels in OVX rats, promote bone
formation and inhibit bone resorption, and show its anti-osteoporotic
effect by BMD and bone strength [68]. In another study on
osteoporosis disease, water extract of Epimedium was found to increase
BMSCs proliferation and osteogenic differentiation and to increase the
mRNA expression levels of osteogenic differentiation-related markers
such as Alp, Col1a1 and Runx2 [69]. Further, in vivo studies also
showed that the whole body, humerus, lumbar spine, and femur of
OVX rats treated with Epimedium extract significantly increased BMD
compared to the model group, and the Bone volume/Tissue volume of
the femur was higher than that of the OVX group, as well as the 3D
imaging and HE staining results showed that Epimedium extract helped
restore the normal microstructure of bone. Analysis of sequencing
results revealed that Atg4B is one of the important target genes of
miR-27a-5p and also an important factor involved in the autophagy
process [70]. Protein and mRNA expression studies of
autophagy-related factors LC3 and Beclin1 revealed that treatment
with water extract of Epimedium up-regulated the expression of
important autophagy-related mRNAs and proteins as well as
down-regulated p6257 to promote osteogenesis and regulate bone
transformation markers to prevent osteoporosis. However, the specific
components that cause autophagy need to be further investigated.

Curculigo orchioides gaertn
Curculigo orchioides gaertn is a perennial herb of the genus
Cynomorium in the family Lithospermum [71]. It is the only tonic herb
recorded in the TCM as a toxic herb. Its main chemical constituents
include phenols and phenolic glycosides, lignans and lignan
glycosides, triterpenes and triterpene glycosides, etc. It has
antioxidant, anti-inflammatory and anti-osteoporosis effects [72–74].
It has been shown that curculigoside (Cur) can reduce the induction of
RAW264.7 cells into osteoclasts and that bone resorption leads to the
destruction of the bone matrix and the release of Ca+ and collagen
degradation products [75]. It has also been shown to reduce the
release of relevant substrates from cell culture systems and has been
shown to inhibit bone resorption by osteoclasts through studies of
experimental bone fragment thickness and F-actin ring and several
data. The validation of relevant bone resorption marker proteins, such
as NFATC1 and C-fos, also confirmed that Cur can inhibit bone
resorption to slow down the process of osteoporosis. Similarly,
oxidative stress caused by iron overload is an important factor in
primary osteoporosis, and previous studies have reported that iron
overload in vivo inhibits osteoblast proliferation and differentiation
and promotes osteoclastogenesis [76–80]. Studies have shown that
Cur can reduce iron-induced bone loss in iron overload mouse models
and mouse osteoblast cell line (MC3T3-E1) cells, in addition to
improving femoral BMD and mechanical properties, reducing serum
levels of IL-6 and TRACP-5b, and increasing osteocalcin (OCN) levels
[80]. The assay of MC3T3-E1 cells and liver-related antioxidant
enzyme markers in mice after induction confirmed that Cur prevents
bone loss mainly by antagonizing iron overload-induced oxidative
damage. Autophagy is a self-repair mechanism to prevent cell death in
the presence of oxidative stress [81]. It was found that the protein
expression of LC3 and Beclin1 in cells induced by cynarin treatment
increased, while the expression level of IGFR was reduced, as well as
the phosphorylation of Akt, p66 and FoxO1, which was also confirmed
by immunohistochemistry. In the study of oxidative stress-related
mechanisms, it was found that Cur could reverse the increase in p53
expression and decrease in Nrf2 expression in the Akt downstream
pathway due to iron overload, suggesting that Cur mediates IGFR/Akt
pathway autophagy to promote osteogenesis under high oxidative
stress. In conclusion, the cynarin in Curculigo orchioides gaertn may act
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as an anti-OP agent through autophagy, inhibition of OCs and iron
overload, thereby reducing bone resorption.

Achyranthes bidentata Blume
Achyranthes bidentata Blume is the dried root of Achyranthes bidentata
Blume in the Amaranth family. The main chemical components are
polysaccharides, saponins and steroids, as well as a small amount of
organic acids, flavonoids, velvet ketones and other active ingredients,
with anti-tumor, immunomodulatory, anti-osteoporosis and other
effects, in TCM has a history of more than 2,000 years of medicinal
use [82–88]. β-Ecdysterone (β-Ecd) is an estrogenic analogue derived
from Achyranthes bidentata Blume [89]. It was shown that β-Ecd
inhibited prednisolone (PRED)-induced bone loss in osteoporotic rats
[90]. The treatment with 10 mg/kg β-Ecd improved BMD levels and
bone microarchitecture in osteoporotic rats as analysed by micro-CT.
Serum tests showed that the treatment alleviated the significant
reduction in serum calcium and phosphorus levels caused by PRED
induction in rats, while serum TRAP was suppressed [91]. Since the
mechanism of PRED-induced osteoporosis is thought to be
glucocorticoid-induced apoptosis, studies on the anti-apoptotic factor
Bcl-2, the pro-apoptotic factor caspase-3 and the autophagy-related
regulatory proteins Beclin-1, ATG5 and LC3II/I67 revealed that β-Ecd
inhibited apoptosis and induced autophagy to treat bone loss in rats.
Similarly, in mouse studies, β-Ecd was found to inhibit the expression
levels of serum CTX-1, a marker of glucocorticoid (GC)-induced bone
resorption in osteoporotic mice, increase OCN levels and improve
BMD as well as bone microarchitecture [92–94]. Bone strength
measurements also showed that the β-Ecd treatment significantly
increased the maximum load, ultimate stress and toughness of the
femur in mice. To investigate the mechanism of bone formation,
experimental studies with BMSCs revealed that β-Ecd can stimulate
osteogenic differentiation and increase the mRNA expression levels of
Runx2 and Bglap1. To explore whether β-Ecd mediates autophagy, a
focal RT-PCR gene array for autophagy was performed in vivo and in
vitro experiments were performed to validate autophagy-related
proteins, and it was found that β-Ecd can prevent bone loss through
autophagy. In conclusion, β-Ecd in Achyranthes bidentata Blume treats
bone loss by inhibiting apoptosis and inducing autophagy, serves the
purpose of anti-OP.

Leonurus japonicus Houtt
Leonurus japonicus Houtt is the fresh or dried above-ground whole herb
of Leonurus japonicus Houtt, family Labiatae [95]. Modern research has
shown that Leonurus japonicus Houtt contains alkaloids, diterpenes,
ferulic acid, volatile oil, flavonoids, polysaccharides and other
chemical constituents [95, 96]. It has various pharmacological effects
such as anti-thrombotic, menstrual disorders, anti-inflammatory and
analgesic etc [97–100]. It is widely used in the clinical treatment of
various diseases and is a commonly used herbal medicine. Leonurine
has been shown to be the main bioactive component of Leonurus
japonicus Houtt, with antioxidant and anti-inflammatory effects [101,
102]. In a study of osteogenic differentiation of Leonurine-treated rat
BMSCs, 10 μM Leonurine was found to be non-significantly toxic to
BMSCs and favoured the proliferation of BMSCs [103]. In ALP staining
and Alizarin Red S staining at 6 and 14 days, 10 μM of Leonurine
significantly promoted osteogenic differentiation of BMSCs. To further
investigate the mechanism, BMSCs treated with 10 μM Leonurine
significantly upregulated osteogenic markers such as RUNX2, OPG
and other mRNA and protein levels, as well as upregulated
autophagy-related factors ATG7 and LC II/I and downregulated P62
protein expression levels. Based on previous studies that found
Leonurine to be closely associated with the PI3K/Akt/mTOR pathway,
it was found that Leonurine down-regulates phosphorylated
PI3K/AKT/mTOR and inhibits PI3K/Akt/mTOR signaling pathway
activity [104]. This confirmed that Leonurine-activated autophagy
promotes osteoblast differentiation by regulating the PI3K/Akt/mTOR
pathway.

Ginseng

Panax ginseng is a perennial herb that belongs to the Araliaceae family,
which is one of the common traditional Chinese herbs [105]. Modern
pharmacological research has found that ginseng components are
mainly concentrated in saponins, polysaccharides and volatile
components, as well as other compounds [106, 107]. It has anti-aging,
anti-diabetic, anti-atherosclerotic, anti-osteoarthritic, anti-tumour
amongst other pharmacological effects [108–112]. Ginsenoside is the
main constituent of ginseng [113]. Ginsenoside Rg3 was found to
inhibit the differentiation of RAW264.7 cells into osteoblasts, as well
as to promote the mineralization and osteogenic differentiation of
MC3T3-E1 cells, indicating a potential therapeutic effect of Rg3 on
osteoporosis [114, 115]. In a study of Rg3 treatment in OVX rats, it
was found that Rg3 significantly improved BMD and the thickness,
number and density of femoral trabeculae in OVX rats, and increased
the protein expression levels of osteogenesis-related markers such as
OCN, OPN, COL1A1 and Runx2 [116]. In addition to this, the
expression of autophagy-related proteins, such as LC3 II/I and Beclin1,
was also upregulated and the expression level of p62 protein was
downregulated. The mechanism was investigated by finding that Rg3
could promote p-AMPK expression and inhibit p-p70S6K expression.
Also in the study of MC3T3-E1 cells, 1-20 μmol/L Rg3 was found to
have no toxic effect on the cells, and 20 μmol/L Rg3 was found to
significantly increase the mineralization capacity of MC3T3-E1 by
alizarin red staining assay. In order to verify the mechanism in OVX
rats, in the next experimental study using MC3T3-E1 cells, it was
found that 10 and 20 μmol/L Rg3 significantly upregulated the protein
expression levels of osteogenesis-related markers as well as p-AMPK,
and downregulated p-p70S6K protein expression. The effect of Rg3 on
AMPK/mTOR signalling was also found to be dose-dependent. The
results indicated that Ginsenoside Rg3 enhances autophagy by
mediating the AMPK/mTOR signalling pathway and thus prevents
osteoporosis. The ginsenosides in Ginseng have anti-OP effects by
inhibiting the differentiation of OCs and promoting the differentiation
of OBs, and Ginsenoside Rg3 has anti-OP effects by mediating the
AMPK/mTOR signalling pathway through autophagy.

Chuanxiong Rhizome
Chuanxiong Rhizome, the dried rhizome of Ligusticum chuanxiong
Hort, in the TCM is a blood activator and blood stasis remover. Its
chemical composition is mainly volatile oil, alkaloids,
polysaccharides, etc [117–120]. It has various pharmacological
activities on the cardiovascular system, liver and kidney system,
nervous system and other systems, mainly analgesic,
anti-inflammatory, antioxidant, anti-tumour, anti-coagulant and other
effects [121–127]. In the study of the action of tetramethylpyrazine
(TMP), an extract of Chuanxiong, on BMSCs and GC-induced rats, it
was found that 10 μM-200 mM TMP inhibited GC-induced induction
of apoptosis in BMSCs, inhibited Caspase-3 activity, and had no toxic
effect on cells. As it has been shown in previous studies on BMSCs in
osteoporosis, glucocorticoids induce autophagy in BMSCs to prevent
an increase in bone loss [128, 129]. Therefore, in further studies, it
was found that 50 μM TMP increased the formation of autophagic
vesicles as well as increasing the protein expression level of LC3 II/I,
and this result was confirmed by immunofluorescence experiments. It
was also found that the 3-MA group inhibited the autophagy of BMSCs
after TMP treatment and increased TUNEL-positive cells and caspase-3
activity in studies with autophagy inhibitors and autophagy
activators. The Rapamycin group promoted autophagy in BMSCs but
was not found to enhance autophagy after TMP treatment, therefore it
was inferred that TMP and rapamycin promote autophagy by the same
mechanism of action. Due to the importance of the AMPK/mTOR
signalling pathway in autophagy, it was experimentally confirmed
that TMP can upregulate p-AMPK and downregulate p-mTOR protein
expression levels to mediate the AMPK/mTOR signalling pathway to
induce autophagy in BMSCs [130–131]. In vivo experiments in
GC-induced rats also showed that TMP could improve BMD and bone
microarchitecture deterioration caused by glucocorticoids, and in
vitro studies in BMSCs collected from the model group at 12 weeks
confirmed that BMSCs treated with TMP had more autophagic vesicles
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and higher LC3-II/I protein expression levels than the model group,
validated in vitro experiments [129]. These demonstrated that TMP
mediates the activation of autophagy by the AMPK/mTOR signalling
pathway to ameliorate GC-induced osteoporosis.

Eucommia ulmoides
Eucommia ulmoides is the dried bark of Eucommia ulmoides Oliv [132].
Eucommia ulmoides is rich in cyclic enol ether terpenes, lignans,
flavonoids, phenylpropanoids, polysaccharides and other active
ingredients, which have significant advantages in lowering blood
pressure, blood lipids, blood sugar and preventing osteoporosis [133].
kaempferol (Kae) is one of the active ingredients of the flavonoids of
Eucommia extract and has a wide range of pharmacological effects,
while the flavonoids are molecular targets of autophagy and play an
important role in humans [134–136]. When studying the effect of Kae
on osteoclasts, it was found that 50 μM Kae inhibited the expression
levels of osteoclast-associated factors, such as TRAP6 and c-Fos, and
activated and up-regulated the expression levels of autophagy-related
proteins, such as Beclin-1 and LC3, in RAW263.7 cells [137]. In
studies related to osteoclast differentiation and bone resorption, Kae
was found to reduce RANKL (50ng/mL) induced osteoclast production
in Raw264.7 cells and significantly inhibited their osteoclastic
capacity [137, 138]. Meanwhile, Kae could inhibit the expression of
Rankl-induced NFATc1, and other osteoclast-associated markers
mRNA, thus further confirming its inhibition of osteoclastogenesis,
and found that the mechanism was related to extracellular regulated
protein kinases and C-Jun N-terminal kinase inactivation. In the study
of Kae on autophagy, it was found that Kae could upregulate the
expression levels of the pro-apoptotic proteins including caspase-9 and
caspase-3, as well as inhibit autophagy-related markers, suggesting
that Kae could be used to treat the disease by inhibiting autophagy
and thereby reducing osteoclast differentiation and osteoclastic
capacity.

Morindae Officinalis Radix
Morindae Officinalis Radix comes from the dried root of Morinda
officinalis How, a plant of the genus Bacopa, family Cyperaceae, and is
one of the “Four Southern Medicines” of China. Its main chemical
components include anthraquinones, cyclic enol ether terpenoids,
sugars, amino acids, organic acids, flavonoids and trace elements,
which have anti-dementia anti-osteoporosis and anti-inflammatory
effects [139–145]. Monotropein is an active component of cyclic enol
ether terpenoids. In studies on primary osteoblasts, it was found that
0.08 μm-0.2 μm monotropein had no toxic effect on OCs and inhibited
H2O2-induced oxidative stress in pro-apoptotic cells [146]. Due to the
close correlation between autophagy and antioxidants, in further
experiments, autophagy-related markers were investigated and it was
found that 0.08 μm Monotropein significantly upregulated LC3II/I and
Beclin-1 protein expression levels, and through the increase in
autophagic flux, it could be confirmed that Monotropein prevented
osteoblast apoptosis through autophagy. The Akt pathway normally
mediates oxidative stress in osteoblasts while the mTOR pathway
normally mediates autophagic protection after oxidative stress in
osteoblasts [147, 148]. In the study of its mechanism, it was found
that Monotropein stimulated the phosphorylation of Akt and mTOR to
increase the expression of autophagy-related proteins and that the
mediation of both activators by Akt activator (SC79) and mTOR
activator (MYH1485) blocked the effect of autophagy induced by
Monotropein. It was finally confirmed that Monotropein could
mediate the Akt/mTOR signalling pathway to induce autophagy in
osteoblasts to reduce oxidative stress [146]. In conclusion,
Monotropein in Morindae Officinalis Radix mediates the Akt/mTOR
signalling pathway to act as an anti-inflammatory and anti-oxidant via
autophagy, thereby inhibiting apoptosis and thus acting as an anti-OP.

Curcuma longa
Curcuma longa is a common TCM which comes from the dried rhizome
of Curcumalonga L., a plant in the ginger family [149]. Its main
chemical components are phenols and terpenoids, as well as small

amounts of alkaloids and sterols, which have antioxidant,
anti-inflammatory and anti-tumour effects [150–156]. Curcumin, a
polyphenol with a small relative molecular mass, is the most active
component of turmeric and is safe and non-toxic [157, 158]. Previous
studies have shown that curcumin is considered an autophagy
activator and has the ability to modulate autophagy in a variety of
cells [159–161]. In studies on osteoporosis, curcumin was found to
exert a direct autophagic effect on osteoclast precursors (OCPs), with a
drug-dependent increase [162]. Since RANKL-induced OCPs can also
promote autophagy, curcumin inhibited RANKL-mediated autophagy
in OCPs when 15 μM curcumin treatment was added, as revealed by
the autophagy index as well as Beclin-1 expression levels. In the same
study on osteoclasts, curcumin was found to inhibit osteoclast
proliferation through inhibition of autophagy, and by using
gene-silencing techniques on autophagy genes (Atg5, Atg7, Beclin-1),
it was found that curcumin may mediate osteoclast inhibition of
autophagy through Atg7/Beclin-1. In the in vivo study, curcumin
improved the tibial microarchitecture of the OVX model rats and the
results were reconfirmed by H&E staining, while significantly
suppressing serum osteoclast-associated activity marker levels and
improving serum osteoblast cell-associated marker (ALP) levels.
Further studies on osteoclastogenesis inhibitor (TRAP3) revealed that
curcumin could inhibit osteoclastogenesis by alleviating
osteoclast-induced degradation of TRAP3 and improving the
formation of autophagic lysosomes [163]. This demonstrates that
curcumin can inhibit osteoclastogenesis by mediating autophagy to
regulate the degradation of TRAP3, thereby preventing osteoporosis.

Polygoni Cuspidati Rhizoma et Radix
Polygoni Cuspidati Rhizoma et Radix is the dried rhizome and roots of
Polygonum cuspidatum Sieb. et Zucc, which has been used for thousands
of years in China for the treatment and prevention of diseases [164].
The chemical composition includes compounds such as quinones,
stilbene, flavonoids and phenylpropanoids, which can be used to treat
inflammation, hyperlipidaemia, nerve damage, cardiovascular
disease, etc [165–170]. Resveratrol (RSV) is one of the important
constituents of Polygoni Cuspidati Rhizoma et Radix, and in previous
reports on osteoporosis, RSV improved BMD in rats with osteoporosis
models, as well as reducing femoral porosity in the proximal epiphysis
[171]. Serum ALP and OCN increased compared to the control group
but decreased compared to the model group. The
immunohistochemical results showed a significant increase in OCN
and SIRT1 expression and improved trabecular architecture in the
RSV-treated group. The silent information regulator of transcription1
has a role in regulating cellular defence against oxidative stress and
cell survival [172]. In vivo correlation experiments revealed that the
RSV treatment group resulted in increased expression of LC3 and
Beclin-1 proteins and down-regulation of Akt phosphorylation and
mTOR phosphorylation. Further in vitro studies revealed that RSV
could increase SIRT1 expression in dexamethasone-treated MC3T3-E1
cells in a drug-dependent as well as time-dependent manner.
Resveratrol was also found to significantly increase the expression of
Beclin-1 and Atg7, as well as to down-regulate Akt phosphorylation
and mTOR phosphorylation in both treated dexamethasone and
untreated MC3T3-E1 cells, validating the above experiments [171].
The autophagy promoted by RSV was blocked by Rapamycin (mTOR
inhibitor) and LY294002 (PI3K inhibitor) interventions and related
findings, demonstrating that Resveratrol prevents osteoporosis by
mediating the PI3K/Akt/mTOR pathway to promote autophagy. In
another study, 0.1 μM-5 μM RSV was found to promote the
proliferation of MC3T3-E1 and BMSCs cells, as well as differentiation
towards OB [173]. Assays of autophagy-related markers revealed that
LC3-II/I and ATG-7 protein levels were significantly increased after
RSV treatment. Activation of autophagy by RSV was blocked as
demonstrated by experiments related to the autophagy inhibitors 3M
and bafilomycin. In summary, RSV in Polygoni Cuspidati Rhizoma et
Radix can act as an anti-OP through autophagy.

Anemarrhena asphodeloides Bunge
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Anemarrhena asphodeloides Bunge is the dried rhizome of Anemarrhena
asphodeloides Bge, family Liliaceae [174]. It contains active
ingredients such as saponins, diphenylpyrazones, lignans, alkaloids,
polysaccharides and trace elements, which have anti-platelet
thrombotic, Alzheimer’s disease, anti-inflammatory and
neuroprotective effects [175–181]. Timosaponin BII (TBII) is one of
the ingredients of Anemarrhena asphodeloides Bunge, where previous
studies reporting on TBII and osteoporosis found that TBII could affect
diabetic Goto-Kakizaki rats bone trabecular microstructure and
showed a drug-dependent increase, with the high dose group almost
reaching control levels [182]. Similarly, the results of its
anti-apoptosis-related protein study revealed that TBII inhibited the
upregulation of Bax and Bcl2 protein levels in primary osteoblasts
after high glucose treatment. The results of the same
anti-apoptosis-related protein study showed that TBII inhibited the
upregulation of Bax and Bcl2 protein levels in primary osteoblasts
after high glucose treatment. It was confirmed by ALP staining that
TBII drug-dependently inhibited high glucose-induced osteoblast
apoptosis and also promoted osteoblast differentiation. In the study of
the mechanism, it was found that the expression level of Beclin 1 was
significantly upregulated in the TBII-treated group compared with the
model group at the tibial stem end of the scale, while the levels of
autophagy markers LC3II/I and Beclin 1 protein were
drug-dependently upregulated in the in vitro experiments. However,
observation under transmission electron microscopy revealed more
autophagic vesicles in osteoblasts treated with a high sugar
environment than in osteoblasts not treated with hyperglycemia,
suggesting that TBII can stimulate osteoblast autophagy under
hyperglycemia conditions. It was likewise confirmed through studies
that an autophagy inhibitor can inhibit the autophagy of TBII and that
an autophagy activator, rapamycin can enhance the autophagy of
TBII, which can improve osteoblast apoptosis through autophagy. On
the other hand, TBII down-regulated p-mTOR levels in the tibial stem
scales of Goto-Kakizaki rats, as well as reduced p-IκB expression and
NFκB nuclear translocation in osteoblasts after hyperglycemia
induced. In addition, NFκB overexpression eliminated the increase in
LC3II/I and Beclin1 in high glucose osteoblasts after TBII treatment,
suggesting that TBII may prevent osteoporosis by inhibiting
mTOR/NFκB to activate autophagy [182].

Salvia miltiorrhiza Bge and Pueraria Lobata
Salvia miltiorrhiza Bge is the dried root and rhizome of Salvia
miltiorrhiza Bge. of the genus Salvia in the family Labiatae [183].
Salvia miltiorrhiza Bge has anti-clotting, anti-inflammatory,
anti-osteoporosis and anti-tumour effects due to its chemical
composition of tansy ketones, tannic acid, volatile oils and
polysaccharides, and has become a commonly used herbal medicine in
Chinese compound formulations and related preparations [184–189].
Pueraria Lobata is the dried tuberous root of Pueraria Lobata (Wild.)
Ohwi or Pueraria thomsonii Benth, a perennial legume, which is rich in
a variety of chemical constituents, mainly isoflavones, triterpenoids,
saponins, alkaloids, coumarins and other compounds, with effects on
improving cardiovascular and cerebrovascular diseases, anti-diabetes,
anti-inflammatory and immune protection [190–196]. Previous herb
pair reports found that aqueous Extract of Salvia miltiorrhiza Bge and
Pueraria Lobata (DG) improved BMD, bone mineral content and bone
microarchitecture in the OVX model and reduced bone loss in rats
[197]. Morphological observations revealed that femur type II
collagen, TRAP-positive area and Cathepsin K-positive area were also
significantly restored after treatment with aqueous extract compared
to the model group. Serum RANKL was significantly downregulated in
the treatment group, while serum ALP was not significantly different.
In addition, DG treatment significantly reduced the serum blood urea
nitrogen and creatinine release levels in OVX rats and improved the
kidney damage caused by DG. In vitro experiments revealed that DG
inhibited the differentiation of RAW264.7 cells into osteoclasts and
reduced the protein expression levels of osteoclast-specific proteins
such as RANK, NFATc1 and c-Fos. When the mechanism was
investigated, it was found that osteoclasts showed autophagy under

RANKL stimulation, which was most pronounced on day 5, and
autophagic vesicles appeared. Analysis of autophagy-related markers
revealed that RANKL-induces osteoclast Beclin-1 and LC3B protein
expression levels were significantly upregulated, as well as P62
protein expression levels were downregulated, but all of these were
improved by DG treatment. Similarly, DG also inhibited the oxidative
stress response stimulated by RANKL. It was demonstrated that DG
prevented osteoporosis by inhibiting osteoclast autophagy and
oxidative stress.

Discussion

In summary, as the ageing structure of society rises, osteoporosis leads
to a range of conditions that can have a great impact on the quality of
life and health of patients. Chinese medicine (natural) has received
much attention from scholars at home and abroad for its strong
medicinal activity, multi-effects, multi-targeting and low toxic side
effects. Along with continuous research, the mechanisms of its
monomer and formulae have been increasingly explored.
The process of bone formation and bone resorption is normally
regulated by a variety of cells and factors in a dynamic balance.
Previous studies have found that osteoblasts in BMSCs are mainly
regulated by the WNT signalling pathway, which is essential for new
bone formation. Activation of β-catenin by frizzled proteins and
low-density lipoprotein receptor 5/6 promotes the activation of the
WNT signalling pathway by transcription factors such as Runt-related
transcription factor 2, which promotes the differentiation of MSCs into
osteoblasts [198–200]. On the other hand, secreted-frizzled related
proteins, sclerostin and Dickkopf-1 inhibit the activation of β-catenin
proteins, thereby suppressing the differentiation of BMSCs-mediated
WNT into osteoblasts [201]. The main components of the bone matrix,
such as OCN, ALP and type I collagen, are mainly secreted by
osteoblasts before the mineralization of calcium phosphate in the form
of hydroxyapatite takes place. Osteoclasts are key to the bone
resorption process and are regulated by a variety of signals, of which
the RANK-RANKL regulatory axis is the most important. RANKL
ligands, secreted by osteoblasts and activated immune T cells, bind to
the RANK receptors of osteoclasts and activate the relevant enzymes
to promote bone resorption [202, 203]. OPG is a natural inhibitor of
RANKL ligands and can reduce bone resorption by osteoclasts [204].
Similarly, macrophage colony-stimulating factor can increase the
osteoclastic capacity of osteoclasts by upregulating the expression of
the RANK receptor [205]. In addition to this, senescence-induced
upregulation of all systemic inflammatory factors such as TNF-α, IL-1,
IL-6, IL-17 and IFN-γ, are also involved in the process of bone
remodelling, while IL-4, IL-10 etc. have the opposite effect to the
above [206–209]. It is well known that a single herb has multiple
components, many of which also have the ability to regulate
bone-specific matrix proteins, related transcription factors and
signalling pathways to promote osteoblast proliferation and
differentiation [210]. The herbs or chemicals contained in the herbs
described in this article have anti-inflammatory effects, so this could
be one of the bases for herbs against osteoporosis.
It has been confirmed that osteoporosis is also closely related to
multiple factors such as cellular scorching and DNA damage [211,
212]. Autophagy plays a similar role as a “double-edged sword” in the
mechanism of cellular damage. On one hand, autophagy is an
important regulatory system for homeostasis in vivo, both in terms of
degrading misfolded proteins and selectively degrading damaged
organelles to inhibit apoptosis, as well as being involved in the
apoptotic process. On the other hand, when autophagy is prolonged,
proteins and organelles that are essential for basic homeostasis and
cell survival may be over-degraded, leading to further cell death.
Thus, to the extent that autophagy degrades cells, autophagy is both a
cell survival mechanism and a cell death pathway [213–215]. At the
same time, autophagic structures act as hubs for the spatial
organisation of recycling and synthesis processes in secretory cells and
abnormal autophagic function can cause many diseases. Studies have
shown that the upregulation of autophagy promotes the
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transformation of osteoblasts to osteocytes, allowing cells to adapt to a
more hypoxic environment, increasing cell survival and thus
preventing bone loss [216]. These suggest that maintaining
appropriate levels of autophagy in the body can play a key protective
role against the accumulation of reactive oxygen species caused by
various factors while studies of autophagy on osteoclasts have found
that the regulation of autophagy on osteoclasts is bidirectional and
atypical [217–220]. The causal relationship between changes in
autophagy levels and osteoporosis formation is not well understood

and further research and exploration of the role of the autophagic
pathway in bone homeostasis are needed.
Chinese medicines (natural) contain compounds that may be
effective in activating/inhibiting autophagy to treat osteoporosis, and
this review documents the available evidence for their potential
biopharmacological effects and possible mechanisms of action. In vivo
and in vitro summaries of the anti-osteoporotic effects of the natural
herbs reviewed in this paper are presented in Table 1 and Table 2
respectively. Chinese medicines (natural) appear to act to prevent

Table 1 Summary of an in vivo autophagy study of Chinese medicines (natural) treatments for OP
Chinese medicines Compound Animal models Beneficial results References
Epimedium Water extract of

Epimedium
OVX rats BMD, microarchitecture, serum P, Ca, BGP

and E2↑.
[42]

Curculigo orchioides gaertn Curculigoside Iron-overload mice Femoral BMD, biomechanical parameters,
microarchitecture, antioxidant, serum
OCN↑, serum IL-6, TNF-α, TRACP-5b↓.

[53]

Achyranthes bidentata Blume β-Ecdysterone (10 mg/kg) The subcutaneous
implantation of
PRED into SD rats

BMD, microarchitecture, autophagy,
Runx2, BMP2↑, serum ALP, TRAP, serum
Ca, P, apoptosis, RANKL ↓.

[63]

β-Ecdysterone (0.5 mg/kg) Slow release pellets
of prednisolone
(GC) were
implanted into mice

Serum Ca, CTX-1, BMD, microarchitecture
biomechanical parameters, autophagy↑,
serum CTX-1↓

[67]

Ginseng Ginsenoside Rg3 OVX rats BMD, microarchitecture, serum ALP,
autophagy, OCN, OPN, COL1A1, Runx2↑,
serum TRAP↓.

[89]

Chuanxiong Rhizome Tetramethylpyrazine GC-induced rats BMD, microarchitecture, autophagy↑,
apoptosis↓.

[101]

Curcuma longa Curcumin OVX mice and OVX
rats

Microarchitecture, serum ALP,
autophagy↑, serum TRAP-5b↓.

[135]

Anemarrhena asphodeloides
Bunge

Timosaponin BII GK rats microarchitecture, autophagy↑ [155]

Salvia miltiorrhiza Bge and
Pueraria Lobata

Aqueous Extract of Salvia
miltiorrhiza Bunge-Radix
Puerariae

OVX rats BMD, BMC, femoral porosity, Collagen II,
serum OPG↑, TRAP, Cathepsin K, serum
RNKL, BUN, Creatinine↓.

[170]

They enhance the BMD and biomechanical parameters of bones in osteoporosis model animals and regulate the dynamic metabolism of bone
formation and bone resorption through autophagy. OP, osteoporosis; PRED, prednisolone; SD, sprague dawley; GK, Goto-Kakizaki; GC,
glucocorticoid; OVX, ovariectomize.

Table 2 Summary of an in vitro autophagy study of Chinese Medicines (natural) treatments for OP
Chinese Medicines Compound Cellular models Beneficial results References

Cistanche deserticola Cistanoside A OBs Differentiation, mineralization,
autophagy↑, apoptosis↓.

[31]

Epimedium Water extract of Epimedium BMSCs Proliferation, differentiation,
autophagy↑, apoptosis↓.

[42]

Curculigo orchioides gaertn Curculigoside MC3T3-E1 cells Mineralization, antioxidant,
autophagy↑, apoptosis↓.

[53]

Achyranthes bidentata Blume β-Ecdysterone BMSCs Autophagy, differentiation↑. [67]
Leonurus japonicus Houtt Leonurine BMSCs Proliferation, differentiation,

autophagy↑.
[76]

Chuanxiong Rhizome Tetramethylpyrazine BMSCs Autophagy↑, induced toxicity,
apoptosis↓.

[101]

Eucommia ulmoides Kaempferol Raw 264.7 cells Apoptosis, osteoclastogenesis, bone
resorption, autophagy↓.

[110]

Morindae Officinalis Radix Monotropein OBs Antioxidant, Anti-apoptotic,
autophagy↑.

[119]

Curcuma longa Curcumin OCPs Autophagy↑, proliferation↓. [135]
Anemarrhena asphodeloides Bunge Timosaponin BII OBs Cellular activity, antioxidant,

anti-apoptotic↑.
[155]

Salvia miltiorrhiza Bge and
Pueraria Lobata

Aqueous Extract of Salvia
miltiorrhiza Bunge-Radix
Puerariae

Raw 264.7 cells differentiation, RANK, NFATc1,
c-Fos, autophagy, oxidative stress↓.

[170]

They prevent bone loss by promoting osteoblast proliferation and differentiation as well as inhibiting RAW263.7 cell differentiation through
autophagy.
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bone loss by activating autophagy to promote bone formation activity
and preventing apoptosis in osteoblasts, including BMSCs, OBs and
MC3T3-E1 cells. Some of these herbs can protect them from oxidative
stress damage or prevent inflammation by inhibiting
inflammation-related factors, among others. In addition, compounds
of certain herbs may also achieve attenuation of osteoclast production
or inhibition of osteoclast osteoclastic function through regulation of
autophagy, thereby potentially reducing the imbalance between bone
formation by osteoblasts and bone resorption by osteoclasts (Figure
1). As shown in Table 3, we summarise the signalling pathways that

appear to mediate the anti-osteoporotic effects of the Chinese
medicines (natural) reviewed herein through the activation of
autophagy.
Chinese medicines (natural) in this review are classical medicines
for the treatment of osteoporosis through autophagy. It is well known
that TCM is empirical medicine [221]. Based on the rich experience of
clinical practice and the theory of TCM, herbal medicines are
classified into different categories according to their efficacy. The 14
natural herbs mentioned above are mainly used to tonify kidney yang
and invigorate blood, and are part of the basic theory of traditional

Figure 1 Chinese medicines (natural) mediate autophagy to intervene in bone remodelling. Natural herbs have been shown to mediate
multiple pathways to produce autophagy through in vivo or in vitro experiments. Through oral administration of herbal medicines, after a series of
actions into the bloodstream, they enter the bone surface via autophagy-mediated ProOC or proOB through the CAP, and after autophagy, they may
differentiate into OB and osteoblasts (O’CTES) and OC cells respectively, which may change their role. Under the influence of local factors such as
osteoblasts (MCF2, TNFSF11), osteoclast differentiation and resorption are promoted and at these sites, resorption voids (RL) are formed. Another
secreted factor, TNFRSF11B/osteoprotegerin (tumour necrosis factor receptor superfamily, member 11b), inhibits osteoclast-mediated bone
resorption by acting as a physiological inhibitor of TNFSF11, while autophagy may be present throughout, acting to prevent osteoporosis. CAP,
capillaries; OB, osteoblast; OC, osteoclast; ProOC, pro-osteoclasts; proOB, pro-osteoblasts.
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Table 3 Summary of possible pathways involved in autophagy in the treatment of osteoporosis with Chinese medicines (natural)
Access routes involved Chinese Medicines Compound References
Wnt/β-catenin signal pathway Cistanche deserticola Cistanoside A [31]

IGFR/Akt pathway Curculigo orchioides gaertn Curculigoside [53]
PI3K/Akt/mTOR pathway Leonurus japonicus Houtt Leonurine [76]

Chuanxiong Rhizome Tetramethylpyrazine [101]

Akt/mTOR signal pathway Morindae Officinalis Radix Monotropein [119]
mTOR/NFκB signal pathway Anemarrhena asphodeloides Bunge Timosaponin BII [155]

Chinese medicine, which states that “kidney governing bones” and
“invigorates blood to dispel blood stasis” [222]. The kidneys in TCM
are responsible for bone growth, development and repair, and yang
tonics are also classically used in TCM to treat osteoporosis and have
been experimentally shown to be beneficial in improving bone
formation [74, 223, 224]. In research, it has been found that
blood-activating drugs can help to remove blood stasis by antiplatelet
aggregation, prolonging plasma prothrombin time and lowering
plasma fibrinogen levels [118, 225]. In addition, blood-activating
herbs can also promote angiogenesis and the growth of new tissue
[226]. This confirms what TCM advocates, that blood-activating herbs
can help to remove blood stasis and create new tissue. It is well known
that osteoporosis is closely related to the imbalance between OB and
OC, and related inflammatory factors, such as IL-1 and TNF-α, have
important effects on the activity and function of OB and OC. For
example, IL-1 mediates OC production and inhibits its apoptosis
through activation of the RANK/RANKL/OPG Signaling pathway
leading to increased bone resorption, disrupting the balance between
bone resorption and bone formation, and promoting the development
of OP [227–229]. In addition, IL-1 promotes OP progression by
regulating the Wnt pathway and leads to the reduced bone formation
by inhibiting OB activity [230]. TNF-α induces increased RANKL
secretion, while RANK and RANKL binding recruits TNF
receptor-related factors and activates signalling pathways such as
NF-kB, MAPK and AKT, enhancing OC activity and bone resorption, so
inflammatory factors also play an important role [231–233]. It has
been found that in addition to the already described effects of
tonifying Yang and invigorating blood, the anti-inflammatory effects
of the above natural herbs are also significant [234]. By inhibiting
inflammatory factors, they may activate or inhibit the relevant
signalling pathways, thereby regulating the onset and development of
OP and acting as a treatment for osteoporosis. However, there are still
few relevant studies and further research is needed.
Chinese medicine has shown good results and great potential in the

treatment of osteoporosis, but there is still work to be done on
autophagy and osteoporosis. Secondly, the mechanism of action of a
single clear component of Chinese medicine on osteoporosis is not
very clear but may have multiple mechanisms of interaction, and
further research is still needed. At this stage, there are more studies on
the pharmacological effects of Chinese medicine on osteoporosis, but
fewer studies on clinical applications and smaller sample sizes, which
will require larger sample sizes and increased follow-up times in the
future. Although there are still many problems to be solved, as the
research on the molecular mechanism of action of Chinese medicine
on osteoporosis continues to deepen, it will provide more effective
ways to treat osteoporosis in the future.

Conclusion

In summary, Chinese Medicines (natural) may act against osteoporosis
by stimulating autophagy through their components or compounds.
More in-depth studies and reports on the safety, efficacy and potential
of multi-components and multi-compounds of herbal medicines are
needed to provide more evidence for candidates to carry out more

theoretical basis for beneficial and safer prevention and treatment of
osteoporosis.
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