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  Abstract 
Osteoporosis is a bone metabolic disease in which the balance of osteoblast me-
diated bone formation and osteoclast mediated bone resorption is disrupted. 
According to the pharmacology records of Traditional Chinese medicine, the 
main medicinal ingredients of eumoides ulmoides, such as iridoids and flavo-
noids, promote bone formation by regulating osteoblasts and bone marrow me-
senchymal stem cells, and inhibit bone absorption by osteoclasts and adipocytes, 
thus achieving the effect of bone remodeling. The author collected from scholars 
at home and abroad in recent years, the mechanism of eucommia ulmoides in 
anti osteoporosis, literature reports for the literature by the overall classification, 
analysis, induction and summary, in eucommia ulmoides anti osteoporosis from 
basic to clinical and from eucommia ulmoides leaves skin seed with different 
chemical composition, from birth to processing, from aspects of multiple pers-
pectives of eucommia ulmoides single-agent to eucommia compound, To pro-
vide theoretical reference for eucommia ulmoides anti-osteoporosis. 
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Osteoporosis (OP) is a common clinical disease of bone metabolism. The balance between OB-mediated bone 

formation and OC-mediated bone resorption is disrupted, resulting in bone resorption greater than bone formation, 
resulting in osteopenia, bone loss, and bone loss. Clinical features of microstructural destruction, decreased bone 
strength, and susceptibility to fragility fractures [1-2]. As of 2018, the prevalence of OP in people over 50 years old 
in my country was 19.2% [3], Osteoporosis is expected to reach 150 million by 2050 [4]. It has developed into one 
of the diseases that seriously threaten human health. Eucommia ulmoides Oliv, sweet and warm in taste, belongs to 
the liver and kidney meridians, and is a traditional Chinese medicinal material used frequently in my country to 
nourish the liver and kidney. “Yuyu Medicinal Solution” records Eucommia: “Rong tendons and bones, strengthen 
knees and waist [5]”. Pharmacological studies of traditional Chinese medicine show that Eucommia ulmoides has a 
significant anti-osteoporosis effect. The frequency of use in traditional Chinese medicine for the treatment of OP 
ranks first with 108 times, which is 6 times higher than that of the second kidney-tonifying herb Epimedium, which 
is 102 times [6]. In addition, it also has various pharmacological activities such as lowering blood pressure, blood 
lipids, blood sugar, analgesia, anti-inflammatory, and anti-tumor [7-8]. This article reviews the mechanism of Eu-
commia ulmoides against osteoporosis from basic to clinical, from raw products to processing, from Eucommia 
single drug to Eucommia compound, from Eucommia bark, seeds and different chemical components and other 
aspects. 
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1. Study on the level of Eucommia to prevent OP cells 
1.1 The regulation of Eucommia ulmoides on osteoblasts 

Osteoblasts (OB) are the material prerequisite for bone formation and formation. They proliferate and synthesize 
secreted collagen matrix, and form new bone through mineralization. Therefore, promoting the proliferation and 
differentiation of OB is an important way to treat OP [9]. Zhang Xian found that under the electron microscope, 
some OBs in the lumbar spine and femur of OVX rats were relatively atrophied, the cytoplasmic volume was re-
duced, and the endometrial system was underdeveloped. After the intervention of Eucommia ulmoides, the trabe-
cular bone in the bone tissue is denser under the light microscope, and the OB endometrial system is more devel-
oped under the electron microscope [10]. Cao Xu’s use of high concentration (10%) Eucommia can significantly 
up-regulate the levels of osteoclast inhibitory factor and nuclear factor κB receptor activator activator ligand 
(OPG/RANKL), osteocalcin (OTC) and alkaline phosphatase (ALP). At the same time, it significantly promotes the 
proliferation and differentiation of MC3T3-E1 Subclone 14 OB [11]. Tong Yan found that a high dose (24g/1kg) of 
Eucommia ulmoides can significantly up-regulate serum estradiol (E2) levels in ovariectomized (OVX) rats, reduce 
body weight gain caused by E2 deficiency, and significantly increase insulin-like growth factor 1 (IGF-I), promote 
OB proliferation, improve trabecular bone microstructure, and then significantly increase BMC and BMD of lum-
bar spine and femur in OVX rats [12-13]. Luo Yao’s study found that medium and high concentrations (3g, 6/kg) of 
Eucommia ulmoides extract can make the organic matter in bone tissue - osteocalcin (BGP) and ALP and inorganic 
matter - urinary Ca/Cre, P/Cre and DPD/Cre. Decreased, confirmed that Eucommia ulmoides extract can reduce 
bone turnover rate [14]. Zhang Ying’s research confirmed that Eucommia ulmoides had no significant change in the 
expression of osteoprotegerin (OPG) and mRNA in OB and MSC, but could significantly reduce the expression of 
RANKL protein and mRNA in OB and MSC [15]. 

1.2 The regulation of Eucommia ulmoides on osteoclasts 
Osteoclasts (OCs) are multinucleated giant cells formed by macrophages and perform bone resorption by ab-

sorbing minerals and organic matter in the bone matrix. The study found that the total extract of Eucommia ul-
moides leaves at low, medium and high concentrations (10-3, 10-2, 10-1mg/ml) could significantly reduce the 
number of positive OCs in bone resorption lacuna and tartrate-resistant acid phosphatase (TRAP) staining. It was 
confirmed that the total extract of Eucommia ulmoides leaves at low, medium and high concentration can inhibit 
the proliferation and activity of OC, and the inhibition effect of high concentration is the most significant [16]. 
Zhang Xian’s study found that under electron microscope, the OC nucleus in the lumbar spine and femur of OVX 
rats has a larger ratio of OC nucleus to euchromatin, and endomembrane systems such as mitochondria, rough en-
doplasmic reticulum and lysosome are more developed. Still more, but the endometrial system has been relatively 
underdeveloped[10].Highly expressed TRAP is the main marker of OC. Studies have shown that medium and high 
concentrations (3g, 6/kg) of salted Eucommia can significantly down-regulate the levels of TRAP, parathyroid 
hormone (PTH), serum Ca, P and BGP in rats induced by retinoic acid. The BMD of the tibia, femur and vertebra 
was significantly increased to varying degrees, and high-concentration salt moxibustion of Eucommia also signifi-
cantly increased the testis and thymus index of rats. Inhibit bone resorption and prevent OP [17]. 

1.3 Regulation of Eucommia ulmoides on bone marrow mesenchymal stem cells 
Bone marrow mesenchymal stem cells (BMSCs) have multiple differentiation potentials and can be differen-

tiated into adipocytes (AC) or OB according to different induction conditions. The adipocyte/osteogenic differen-
tiation of BMSCs has a “trade-off” rule. In the process of osteogenic differentiation, BMSCs first become bone 
precursor cells, and then evolve into osteogenic cells, pre-osteoblasts, functional bone-forming cells, and finally 
mature osteocytes [18]. Zhao Jirong’s research found that Eucommia ulmoides induces BMSCs to differentiate into 
OB and is closely related to the regulation of Wnt/β-catenin, MAPK, RhoA/ROCK signaling pathway [2]. Zhang 
Yanhong found that long-term high-dose dexamethasone can lead to increased fat in the medullary cavity, de-
creased bone mass, enhanced adipogenic proliferation of BMSCs, and weakened osteogenic proliferation. Inhibi-
tion and reduce its intracellular lipid droplet content [19]. Zeng Jianchun confirmed that 10% eucommia-containing 
serum can promote the proliferation of BMSCs, differentiate into OB, and form white mineralized calcium nodules 
[20-21]. It was further found that the proliferation and differentiation of BMSCs induced by the medicated serum of 
Eucommia ulmoides may be stimulated by superoxide dismutase and annexin A6 to stimulate cell viability and re-
gulate cell proliferation and differentiation [22]. Zhu Huali separated Eucommia ulmoides powder into 6 groups by 
high performance liquid chromatography, of which B2.1.1 and B2.1.3 could significantly increase the ALP content 
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of BMSCs to 3.73 and 4.74 times [23]. Zhang Xian confirmed that eucommia alcohol extract can induce Wnt inhi-
bitory factor WIF1 in Wnt signaling pathway significantly decreased after 3d and 7d; intracellular signal transduc-
tion molecule β-catenin increased by 2 times after 3d induction. Membrane Frizzled (Fzd) low-density lipoprotein 
receptor-related protein LRP5/6 co-receptors Fzd2 and Fzd3 increased by 11.86 times and 2 times after induction 
for 3 days, and Fzd2 and Fzd3 increased by 5.12 times and returned to normal after induction for 7 days [24]. 
Another study showed that 10-2 to 10-5 concentrations of Eucommia water/alcohol extract had no significant effect 
on the proliferation of BMSCs, which was different from the research report by Zeng Jianchun et al. There was no 
significant change, but the expression of osteopontin (OPN) mRNA and protein, ALP and the formation of calcified 
nodules were significantly improved, and the alcohol extract had a greater promotion effect, while the water extract 
promoted the OPN expression of BMSCs more than the alcohol extract [25-26]. 

1.4 The regulation of eucommia ulmoides on adipocytes 
The study found that a large number of adipocytes (Adipocytes, AC) were found in the lumbar vertebrae and fe-

murs of castrated rats under light microscope, and some cells contained lipid droplets under electron microscope. 
After the intervention of Eucommia ulmoides, fat particles were occasionally seen under the light microscope, but 
no intracellular lipid droplets were seen under the electron microscope [8]. Chen Weicai’s research found that after 
BMSCs adipogenic induction, a large number of lipid droplets were distributed in the periphery of a large number 
of cells, dense and large-volume lipid droplets appeared in the cytoplasm, and some lipid droplets fused with each 
other to form fat vacuoles. After the intervention of 10-4, 10-5, and 10-6 g/mL Eucommia ulmoides leaf extract, 
only small and dispersed lipid droplets appeared in the cytoplasm of some cells [27]. Zhang Xian confirmed that 
Eucommia ulmoides can inhibit the adipogenic differentiation of BMSCs by significantly down-regulating the ex-
pression of aP2, a key transcription factor downstream of adipogenic differentiation [28]. 

2. Study on different parts of Eucommia ulmoides for prevention and treatment of OP 
2.1 Eucommia leaves 

Eucommia ulmoides leaves have the advantages of short lifespan, large yield, easy harvesting, and low price. 
“Chinese Materia Medica” records that it “tonifies liver and kidney, strengthens muscles and bones, and mainly 
treats low back pain and lower limb weakness [29-30]”. Studies have found that the chemical composition of Eu-
commia ulmoides leaves and Eucommia eucommia are basically similar, but the total flavonoids and chlorogenic 
acid contents are significantly higher than those of Eucommia ulmoides bark, and the alcohol extract of Eucommia 
ulmoides leaves has similar sex hormone-like effects [31]. Dai Peng found that both estrogen and Eucommia leaf 
could significantly increase the weight of the atrophied uterus in OVX rats, and there was no significant difference 
between the two, suggesting that Eucommia leaf had a similar estrogen-like effect on nourishing the uterus. Signif-
icantly increased the number of trabecular bone and increased BMD [32]. Zhang Li confirmed that eucommia folic 
alcohol can significantly increase the E2 content, make the bone thicker and denser, and restore the network struc-
ture of trabecular bone [33-34]. Fang Ning found that Eucommia ulmoides leaf extract can promote OB prolifera-
tion and BGP expression in rats in a concentration-dependent manner [35]. Chen Liqiang found that the alcohol 
extract of Eucommia ulmoides leaves can significantly increase the serum ALP level, increase the weight of the 
femur, and enhance the bending resistance of the tibia [36]. Chen Weicai confirmed that Eucommia ulmoides leaf 
extract can induce high-efficiency up-regulation of sheep BMSCs to promote OB differentiation transcription factor 
Cbfa1 to osteogenic differentiation [27].Chen Linpan confirmed that Eucommia ulmoides leaf extract quercetin 
promotes the proliferation of BMSCs by activating ERK phosphorylation in a concentration-dependent manner [37]. 
Different from the above studies, He Zhouman’s study found that flavonoids from Eucommia ulmoides can in-
crease the protein expression of MyD88, TLR-4 and NF-κB in MG-63 OB cells, and significantly inhibit the proli-
feration of MG-63 OB cells [38]. 

2.2 Eucommia seeds 
Eucommia ulmoides seeds can be extracted and separated to obtain total glucosides of eucommia seeds, and the 

content of aucubin in eucommia ulmoides accounts for 75% of the total, which belongs to iridoids. The study found 
that large, medium and small (220, 110, 55mg/kg) doses of total eucommia seed glucosides can significantly in-
crease serum ALP levels, and in terms of improving bone quality, eucommia seed total glucosides can significantly 
increase femur length, weight, and fracture stress and compression. Crushing force, indicating that total glucosides 
of Eucommia ulmoides can comprehensively improve the bone condition of mice and prevent OP [39]. Another 
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study found that total glucosides of Eucommia ulmoides can increase the content of calcium, phosphorus, magne-
sium and iron in bone to varying degrees, increase the area of trabecular bone, significantly improve bone density, 
and effectively resist OP caused by orchiectomy in rats [40]. 

3. Study on different components of Eucommia ulmoides for the prevention and treatment of 
OP 
3.1 Eucommia iridoids 

Studies have shown that aucubin, genipin, geniposide and geniposide such as eucommia iridoids can promote the 
proliferation and differentiation of human OB in a concentration-dependent manner [41]. It is generally believed 
that estrogen and androgen are positively correlated with bone mineral density enhancement, and progesterone can 
antagonize estrogen and negative correlation with bone mineral density enhancement. The study found that preg-
nenolone is used as the conversion substrate, and it is converted into progesterone under the action of 3β-HSD. If 

17β-HSD and CYP17A1 are involved, it will continue to generate estradiol and testosterone. High concentration 

(50 μmol/L) of genipin can simultaneously increase the expression of 3β-HSD and other three, while the increase 

of 17β-HSD and CYP17A1 is more, which promotes the conversion of pregnenolone to estradiol and testosterone, 
and significantly increases the expression of estrogen and male. Hormone content, promotes bone formation, 
strengthens bones. The homologous compounds of geniposide and geniposide have no such effect [42]. Hu Qiany-
ing found that both rosinol diglucoside and aglycone rosinol in Eucommia lignans can promote the proliferation 
and differentiation of OB. The difference between the two is that aglycone rosinol promotes the secretion of OPG 
from OB, inhibits the expression of RANKL, and activates OB, while rosinol diglucoside promotes the secretion of 
RANKL and OPG at the same time, but has a weak promotion effect on OPG, and also appears. The 
down-regulation of OPG/RANKL activates OC [43]. 

3.2 Eucommia flavonoids 
Eucommia flavonoids are one of the active components of Eucommia ulmoides, and the content varies greatly in 

different parts of Eucommia ulmoides. Eucommia eucommia leaves account for up to 13%, Eucommia ulmoides 
flowers are mainly flavonoids, accounting for 11%, and Eucommia bark flavonoids are also 11% [40]. The Du 
study found that retinoic acid-induced OP mice treated with total flavonoids of Epimedium (EF) and total flavono-
ids of Eucommia ulmoides (TFE) increased tibia weight, increased serum ALP content, and significantly decreased 
serum hydroxyproline/serum creatinine ratio, indicating that EF and TFE can enhance the activity of OB, signifi-
cantly inhibit the activity of bone resorption [44]. Li Sanhua and other studies found that TFE can promote the pro-
liferation of OB in OVX rats, and significantly up-regulate the expression of OPG mRNA and protein in a concen-
tration-dependent manner [45]. At the same time, TFE can continue to increase the increased P1NP content in OVX 
rats, and significantly reduce the content of β-CTXI related to bone resorption, thereby significantly increasing the 
bone mineral content, collagen area ratio, and bone density [46]. Lanbo’s research found that the flavonoids of Eu-
commia ulmoides, astragaloside and baicalein can both promote the proliferation of OB and the secretion of cal-
cium ions, increase the ratio of OPG/RANKL, and up-regulate the expression of Osterix; compared with astragalus, 
low concentrations of baicalein can significantly Regulates various key proteins and significantly promotes OB 
proliferation [47]. Yuan Zhen’s research found that the three Eucommia flavonoids, kaempferol, rutin, and quercetin, 
have similar phytoestrogen-like effects, which can increase the uterine weight of rats. All three can reduce the con-
centration of urinary calcium and phosphorus, and increase the ALP content and the number, thickness, relative 
bone volume and bone density of trabecular bone, but they cannot completely restore the structure of trabecular 
bone. Through comparison, it was found that under the same drug concentration, the effect of shepsin was the 
weakest, rutin was stronger, and kaempferol was the strongest [48]. Jia Mingjie showed that Eucommia flavonoids 
can promote the proliferation and differentiation of osteoblasts by activating Erk1/2 through Shp2 [49]. 

4. Study on the control of OP in Eucommia ulmoides 
Clinically, Eucommia is mostly prepared with salt. Wash it during processing, moisten it thoroughly, cut it into 

cubes and dry it in the sun, stir it thoroughly with salt water, inhale it, put it in a pot and fry it with a simmer until 
there is a slight burnt spot. Destruction, the active ingredients are easy to fry. Studies have found that the medicated 
serum of salted Eucommia ulmoides can enhance the proliferation and differentiation of OB in postmenopausal 
women [50]. Cai Jianping found that Eucommia salt can significantly increase serum ALP and mineral ash in mice, 
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increase the weight of femur, and significantly improve the bending resistance of tibia [51]. Zhao Liang found that 
with the increasing dose of salted Eucommia, ALP and BGP gradually increased, while the level of TRAP in OVX 
rats gradually decreased. Among them, high doses (3, 6g/kg) of salted Eucommia could significantly improve the 
levels of TRAP, ALP and BGP, significantly increased the vertebra, femur and whole body BMD [52]. Xiong Wei 
found that high-dose salted Eucommia ulmoides (6g·kg-1) could significantly reduce the blood calcium concentra-
tion of D-galactose-induced aging osteoporosis (SOP) rats, significantly increase the ALP content, and significantly 
increase the IGF-I and IGF-I levels. BMD level [53]. The contents of aucubin, isoquercetin, quercetin and caffeic 
acid in the salt-processed Eucommia rose from 1230.01, 53.43, 171.71, 3352.30 μg/g to 2679.22, 72.59, 217.24, 

4112.58 μg/g, respectively, and the salt-made Eucommia is obviously superior to the raw product in increasing the 
BMD of the rat femur and restoring the micro-architecture of the trabecular bone [54]. 

5. Study on drug pairs of Eucommia ulmoides for prevention and treatment of OP 
Among the traditional Chinese medicine pairs for the treatment of OP, Eucommia ulmoides can be combined 

with a variety of kidney-tonifying Chinese medicines to form classic drug pairs, such as Eucommia-Shudi, Eu-
commia-Lycium barbarum, Eucommia-Epimedium, among which Eucommia-Shudi and Eucommia-Lycium bar-
barum pairs. The highest frequency of use is 64 and 53 times, respectively, with a frequency of 21% and 19% [55]. 
The study found that Eucommia-psoraleae drug pair can significantly promote the proliferation of OB, significantly 
reduce the content of matrix metalloproteinase 3 (MMP3), and promote the content of osteopontin (OPN) and mi-
togen-activated protein kinase (MAPK) to increase significantly. In a concentration-dependent manner, it was con-
firmed that MMP3, which is an extracellular cleavage protein of OB, can promote the expression of OPN on the 
cell membrane, and enhance the activity and proliferation of OB through the conduction of intracellular MAPK 
[56]. Duan Weihua found that the different ratios of Eucommia-continuous drug pairs have different therapeutic 
effects: Eucommia-continuous 1:0 can significantly increase the coefficient of the right femur and increase the 
number of trabecular bone; Eucommia-continuous 1:1 can significantly improve the Rat uterine coefficient, signif-
icantly increased BMD of OVX rats, significantly increased bone volume fraction, decreased bone connection den-
sity and bone surface volume ratio, and significantly decreased CTX-I content. Eucommia-Tsubaki 2:1 significantly 
increased bone volume fraction, increased serum E2 content, and significantly decreased BMP-2 content. In general, 
Eucommia ulmoides-interruption 1:1 and 2:1 are the most prominent in improving bone mineral density and bone 
microstructure [57]. Wang Jibo et al. found that the Eucommia-Astragalus drug pair could significantly increase 
serum E2, ALP, BGP, calcium, phosphorus levels, and bone calcium and phosphorus content in OVX rats, and re-
duce bone phosphorus content, and the effect was better than that of Eucommia and Astragalus alone [58]. 

6. Study on compound prescription of Eucommia ulmoides for prevention and treatment of OP 
The compound formula of Eucommia – Qing’e Pill (QEW) is a famous formula for invigorating the kidney and 

strengthening bones. The effect of strengthening bones is strong, and QEW is used to treat OP, and the effect is 
good. Yang Rongping and others divided QEW into 6 different extracts (petroleum ether RJ-1, chloroform RJ-2, 
ethyl acetate RJ-3, n-butanol RJ-4, ethanol RJ-5, water RJ-6) and 6 different extracts (Raw Eucommia OD-1, Salted 
Eucommia OD-2, Processed Psoralea OD-3, Salted Psoralea OD-4, Completely Boiled OD-5, Eucommia Psoralea 
Extract OD- 6). The study found that 6 extraction sites such as QEW RJ-1 and 6 different extracts such as OD-1 
could significantly reduce the activity of tartrate-resistant acid phosphatase, among which RJ-3 and OD-5 had the 
strongest effect. Four extraction sites of QEW (RJ-1, 3, 4, 5) and four different extracts (OD-2, 3, 4, 5) can signifi-
cantly promote OB proliferation, among which RJ-4 and OD-5 are the most effective powerful. Two extraction 
sites of QEW (RJ-1, 2) and six different extracts (OD-1, 2, 3, 4, 5, 6) can significantly promote OB differentiation, 
among which RJ-2 and OD-4 are the most effective Strong [59]. Yan Cuiping’s study found that QEW could sig-
nificantly increase BMD, ALP activity and BPG levels in OVX rats. Further research found that QEW-containing 
serum could significantly promote the proliferation, differentiation and mineralization of human OB, and the effect 
of salt-based QEW was better than that of raw products [60-61]. Wang Du’s study found that the bone resorption 
lacuna count, resorption area and TRAP positive cell number in each drug group of QEW-containing serum de-
creased significantly with the increase of concentration, and the OC nuclei were pyknotic and hyperchromatic, the 
cytoplasm was concentrated, and some OC nuclei were damaged. With the gradual increase of QEW-containing 
serum concentration, the expression of extracellular MMP3 protein in OC gradually decreased, while the expres-
sion of OPN on the membrane and the conduction of intracellular P53 gradually increased, and the apoptosis rate of 
OC increased significantly, significantly inhibiting osteoclasts [62]. Liu Ming’s research found that middle and high 
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doses (0.95, 1.90g/kg) of Eucommia compound-Euzhong Zhuanggu Pill can significantly reduce the serum calcium 
and phosphorus content of OVX rats, and significantly increase the diameter and dry and wet weight of the femur 
of mice, as well as the trabecular bone of the mouse femur. number, width and percentage [63]. Yang Fan’s research 
found that Eucommia compound-Erwei Eucommia decoction (Eucommia, Bluethorn) can significantly 
down-regulate ALP activity, significantly up-regulate serum phosphorus and OCN levels in rats (P < 0.05), and can 
significantly up-regulate BMD, trabecular bone thickness and volume fraction (bone volume/total volume) to im-
prove rat bone microarchitecture [64]. 

7. Clinical study on Eucommia ulmoides for prevention and treatment of OP 
Shen Lin treated 52 cases of senile osteoporosis patients with Qing’e Pills modified water-decocted alcohol pre-

cipitation solution. After 3 months of treatment, the symptom relief rate of low back pain was 28.85% after 15 days, 
71.15% in 1 month, and 2 months after treatment. It was 86.53%, and it was 88.64% for three months. The symp-
toms of kidney deficiency were significantly relieved, and the bone mineral content was significantly increased [65]. 
Bian Qinglai used QEW to treat PMOP patients with kidney deficiency and blood stasis syndrome. The results 
showed that QEW could significantly reduce pain VAS score, main clinical symptom score, TCM syndrome total 
score and β-CTX level, but had no effect on lumbar spine L2-L4, femoral neck BMD and P1NP significantly in-

creased [66]. Wang Xinyan used QEW to treat PMOP patients. The results showed that the contents of T-PINP, β
-CTX, and N-MID were significantly lower than those of the control group after 1 year of treatment, while the se-
rum sclerostin was significantly increased [67]. Zhu Huanping treated 60 patients with senile osteoporosis with 
Duzhong Yaotong Pill (ELP) for 6 months. Compared with the calcium control group, L2-4 BMD in the treatment 
group was significantly increased, while DPD/CR, TRAP, BGP, P53 mRNA and protein expression levels were 
significantly reduced [68]. After further treating 120 senile osteoporosis patients for 6 months, compared with the 
calcium base group and the Fosamax control group, the VAS score, BGP, TRAP and BALP contents of the treat-
ment group were significantly decreased, while the quality of life, total effective rate and BMD were significantly 
decreased. significantly increased [69]. Dai Shaochuan treated 158 PMOP patients with Duzhong Zhuanggu cap-
sule combined with raloxifene. Compared with the raloxifene control group, the serum BGP and BALP levels and 
BMD of the femoral neck, hip and lumbar spine in the treatment group were significantly increased, while serum 
type I procollagen N-terminal propeptide (PINP) and serum type I collagen cross-linked C - Terminal peptide 
(S-CTX) and ALP levels were significantly reduced [70]. 

8. Summary 
The medicinal components of Eucommia ulmoides are mainly iridoids, flavonoids and lignans, which can pro-

mote bone formation by regulating OB and BMSCs, and inhibit bone resorption by regulating OC and AC, so as to 
achieve the effect of anti-osteoporosis. The bark of Eucommia ulmoides is often used clinically, and the effect of 
processing Eucommia ulmoides is better than that of raw products. However, due to the longer growth time, other 
effective parts such as Eucommia flowers and seeds can also be considered. Clinically, Eucommia can be used in 
combination with other traditional Chinese medicines such as Astragalus to form effective prescriptions, such as 
Duzhong Erwei Pills, Qing’e Pills, and Duzhong Zhuanggu Pills. Improve the efficacy of treatment and improve 
the quality of life of patients. It will be an important mission of medical workers to further study and clarify the 
mechanism of Eucommia ulmoides against osteoporosis and make it serve the clinic. 

References 
[1] Zhang Yuzhuo. (2020). The mechanism of Zuogui Wan regulating BMP/Smad pathway against osteoporosis through FoxJ1 

[D]. Guangzhou: Guangzhou University of Traditional Chinese Medicine, 2020: 1-9. 
[2] Zhao Jirong, Yang Tao, Zhao Ning, Ma Tong, Xue Xu, Li Weinong, Zhang Licun. (2020). Research progress of Eucommia 

ulmoides-induced osteogenic differentiation of bone marrow mesenchymal stem cells to prevent and treat osteoporosis-related 
signaling pathways [J]. Chinese Journal of Osteoporosis, 2020, 26(12): 1868-1872. 

[3] Epidemiological survey of osteoporosis in China and the release of the results of the “Healthy Bones” special action [J]. Chi-
nese Journal of Osteoporosis and Bone Mineral Diseases, 2019, 12(04): 317-318. 

[4] Cui Zhiyong, Meng Xiangyu, Feng Hui, Zhuang Siying, Liu Zhaorui, Zhu Tengjiao, Ye Kaifeng, Xing Yong, Sun Chuan, Zhou 
Fang, Tian Yun. (2019). Estimation and prediction of standardized prevalence of osteoporosis in mainland China [J]. Archives 
of Osteoporosis, 2019, (1): 15. 

[5] Sun Qiaxi, Cai Zhongxun, Yuan Sun Hui, Cui Ying. (2012). Huang Yuanyu Pharmacological Solution [M]. Beijing: China 
Traditional Chinese Medicine Press, 2012: 212. 



Chi Zhang, Longwang Tan, Wei Zhu, Zhengzheng Yang, Meng Guo 
 

 

DOI: 10.26855/ijcemr.2022.07.009 292 International Journal of Clinical and Experimental Medicine Research 
 

[6] Jin Ge, Feng Zhihai, Li Xianxing, Wang Xiaojing, Feng Wenshuai, Shi Suqin, Deng Xiaoge. (2021). Study on the medication 
rule of the national patented traditional Chinese medicine compound in the treatment of primary osteoporosis [J]. Chinese 
Journal of Osteoporosis, 2021, 27(09): 1343-1348. 

[7] Wang Zhihong, Peng Sheng, Lei Mingsheng, Xiao Juan, Peng Mijun. (2013). Research progress on the main biological activi-
ties of Eucommia ulmoides [J]. Research and Development of Natural Products, 2013, 25(09): 1302-1309. 

[8] Feng Han, Zhou Honghao, Ouyang Dongsheng. (2015). Research progress on chemical constituents and pharmacological ef-
fects of Eucommia ulmoides [J]. China Clinical Pharmacology and Therapeutics, 2015, 20(06): 713-720. 

[9] Xing Yunyun, Wang Jianying, Pan Yingyi, Chen Xiaoyun, Yuan Ying. (2020). Research progress on the mechanism of action 
of Eucommia ulmoides bone protection [J]. Chinese Journal of Traditional Chinese Medicine, 2020, 38(03): 92-95. 

[10] Zhang Xian, Cai Jianping, Zhao Chun, Tan Xiangling. (2009). Effects of Eucommia on the microstructure and ultrastructure of 
femur and lumbar vertebrae in castrated rats [J]. China Pharmacy, 2009, 20(24): 1855-1857. 

[11] Cao Xu, Xiang Wenying, Lu Yuan, Chen Pengcheng, Sun Jia, Wang Aimin. (2016). The effect of Eucommia ul-
moides-containing serum on osteoblasts [J]. China Journal of Traditional Chinese Medicine, 2016, 31(08): 3016-3019. 

[12] Tong Yan, Wu Xiaoqing. (2009). Effects of Emei Eucommia on bone mineral density and serum IGF-Ⅰ in castrated rats [J]. 
Anhui Agricultural Sciences, 2009, 37(16): 7458-7459+7486. 

[13] Tong Yan, Li Na, Li Rui, Wu Xiaoqing. (2013). Effects of salt preparation on bone density and serum igf-i in castrated rats [J]. 
Chinese Journal of Experimental Traditional Chinese Medicine, 2013, 19(17): 255-257. 

[14] Luo Yao, Chen Lanying, Guan Ziyi, Li Xueliang, Zhou Yihan, Zhou Xing, Liu Ronghua. (2016). Effects of eucommia ul-
moides extract on bone metabolism, bone density and bone microstructure in ovariectomized osteoporosis rats [J]. Traditional 
Chinese Medicine, 2016, 33 (11)6: 2624-2628. 

[15] Zhang Ying, Gary Guishan Xiao, Rong Peijing, Liu Meijie, Wang Wenmei, Wang Shaojun, Yu Zhimin, Liu Hong, Pan Jinghua, 
Yu Zheng, Zhao Hongyan, Ju Dahong. (2011). Effect of Eucommia ulmoides and Qianjian on osteoporosis in ovariectomized 
rats and its mechanism [J]. Chinese Journal of Basic Medical Sciences, 2011, 17(09): 960-962. 

[16] Yu Huihui. (2009). Study on bidirectional regulation mechanism of total extracts from Eucommia ulmoides leaves [D]. Jiangxi 
Normal University, 2009. 

[17] Xiong Wei, Zhao Liang. (2020). Effect of salt processed Eucommia ulmoides on biochemical parameters and bone mineral 
density in rats with retinoic acid induced osteoporosis [J]. Shi Zhen Traditional Chinese Medicine and Traditional Medicine, 
2020, 31(08): 1866-1867. 

[18] Farshdousti Hagh, M., Noruzinia, M., Mortazavi, Y., et al. (2015). Differentmethylation patterns of ＲUNX2, OSX, DLX5 and 
BSP inosteoblastic differentiation of mesenchymal stem cells [J]. Cell J, 2015, 17(1): 71-82. 

[19] Zhang Yanhong, Zhao Chun, Dai Jiaxing. (2012). Effects of eucommia ulmoides and dexamethasone on proliferation and dif-
ferentiation of bone marrow stromal cells in rats [J]. Jiangsu Agricultural Sciences, 2012, 40(05): 182-184. 

[20] Zeng Jianchun, Fan Yueguang, Liu Jianren, Zeng Yirong, Li Xianpeng, Yi Chunzhi. (2009). Effect of eucommia ulmoides drug 
serum on the differentiation of bone marrow mesenchymal stem cells [J]. Journal of shizhen traditional Chinese medicine and 
traditional Chinese medicine, 2009, 20(09): 2136-2138. 

[21] Liu Feng, Zhou Pingsheng, Yu Zhaozhong, Wan Xiaoming, Chu Xiaogang. (2012). Effects of eucommia ulmoides on prolife-
ration of bone marrow mesenchymal stem cells in rats [J]. Journal of Guangzhou university of traditional Chinese medicine, 
2012, 29(04): 411-414+488-489. 

[22] Zeng Jianchun, Fan Yueguang, Liu Jianren, Yi Chunzhi, Yan Liang. (2010). Proteomics study of eucommia ulmoides (EU-
commia ulmoides) drug-containing serum on the directed differentiation of bone marrow mesenchymal stem cells [J]. Shi zhen 
traditional Chinese medicine and traditional Chinese medicine, 2010, 21(02): 274-277. 

[23] Zhu Lihua, Zhang Xian, Zhang Yanhong, Tan Xiangling. (2012). Chinese journal of tissue engineering, 2012, 16(36): 
6758-6761. (in Chinese) 

[24] Zhang Xian, Zhu Lihua, Qian Xiaowei, Tan Xiangling. (2012). Induction of Wnt signaling pathway in bone marrow mesen-
chymal stem cells by alcohol extract of Eucommia ulmoides [J]. Chinese journal of tissue engineering research, 2012, 16(45): 
8520-8523. 

[25] Zhang Yanhong, Xie Huansong, Xia Shulin, Zhao Chun, Tan Xiangling. (2010). Effect of eucommia ulmoides water/alcohol 
extract on osteogenic differentiation of rat bone marrow mesenchymal stem cells [J]. Chinese journal of gerontology, 2010, 
30(22): 3313-3314. 

[26] Zhang Yanhong, Xie Huansong, Xia Shulin, Zhao Chun, Tan Xiangling. (2010). Effects of Eucommia ulmoides on the expres-
sion of osteopontin and osteoprotectin in rat bone marrow stromal cells Is there any difference between water extract and alco-
hol extract? [J]. Chinese journal of tissue engineering research and clinical rehabilitation, 2010, 14(02): 262-266. 

[27] Chen Weicai, Luo Jun. (2009). Effects of eucommia ulmoides leaf extracts on osteogenesis and adipogenic differentiation of 
sheep bone marrow mesenchymal stem cells [J]. Chinese journal of tissue engineering research and clinical rehabilitation, 
2009, 13(10): 1960-1964. 



Chi Zhang, Longwang Tan, Wei Zhu, Zhengzheng Yang, Meng Guo 
 

 

DOI: 10.26855/ijcemr.2022.07.009 293 International Journal of Clinical and Experimental Medicine Research 
 

[28] Zhang Xian, Cai Jianping, Zhang Yanhong, Tan Xiangling. (2010). Expression of osteogenic and lipid-related transcription 
factors in rat mesenchymal stem cells induced by Eucommia ulmoides [J]. Chinese journal of tissue engineering research and 
clinical rehabilitation, 2010, 14(19): 3523-3526. 

[29] Yang Fang, Yue Zhenggang, Wang Xin, Zhang Xiupeng, Chai Jiang, Cui Jiu-cheng, Song Xiao-mei, Mei Qi-bing. (2014). 
Study on the chemical constituents of eucommia ulmoides leaves [J]. China journal of Chinese materia medica, 2014, 39(08): 
1445-1449. 

[30] Wang Ping, Liang Shaojia, Zhang Wenwen, Feng Weihong, Yi Hong, Li Chun, Guo Fengqian, Si Qin, Fu Dejing, Gong Man, 
Wang Zhengtao, Zheng Hongchu, Liu Xiaoqian, Wang Zhimin. (2022). Quality evaluation and pharmacopoeia standard of Eu-
commia ulmoides leaves [J]. Chinese Journal of Experimental Formulae, 1-9[2022-04-24]. 

[31] Li Yaping. (1996). Treatment of osteoporosis with eucommia ulmoides leaf extract [J]. Sichuan Journal of Traditional Chinese 
Medicine, 1996(09): 16. 

[32] Dai Peng, Deng Mingtao, Zhang Lichao, Zhu Meilan, Lin Sijian, Liu Ronghua, Luo Jun. (2012). Effects of eucommia ulmoides 
leaves on bone metabolism in rats with castrated osteoporosis [J]. Chin J osteoporosis, 2012, 18(12): 1127-1130. 

[33] Zhang Li, Ge Huanqi, Bai Liwei, Zhao Lijuan. (2003). Effect of eucommia ulmoides alcohol on osteoporosis in rats with di-
abetes mellitus combined with castration [J]. Chinese Journal of Gerontology, 2003(06): 370-372. 

[34] Bai Liwei, GE Huanqi, Zhang Li, Zhao Lijuan. (2003). Effects of eucommia ulmoides alcohol on bone mineral density in di-
abetic rats [J]. Journal of Jilin University (Medical Edition), 2003(05): 587-590+536. 

[35] Fang Ning, Chen Linpan, Deng Mingtao, Zhang Lichao, Du Chuan, Dai Peng, Liu Ronghua, Luo Jun. (2014). Effects of eu-
commia ulmoides leaves on osteoblast proliferation and osteocalcin expression in sprague-dawley rats [J]. Journal of shijin 
traditional Chinese medicine and traditional Chinese medicine, 2014, 25(11): 2574-2576. 

[36] Chen Liqiang, Zhao Wenjie, Wang Zhen, Qi Yaling, Chen Yuqiang, Yang Yu, Liu Zhenyu. (2015). Effect of alcohol extracts 
from eucommia ulmoides leaves on the prevention and treatment of osteoporosis induced by ovariectomized rats [J]. Chinese 
journal of gerontology, 2015, 35(08): 2190-2191. 

[37] Chen Linpan, Deng Mingtao, Du Chuan, Fang Ning, Luo Jun, Liu Ronghua. (2014). Effects of quercetin on BMSCs prolifera-
tion by ERK phosphorylation [J]. Shi zhen traditional Chinese medicine, 2014, 25(12): 2845-2847. 

[38] He Zhouman, REAL-TIME Hui Hui. Effects of flavonoids from eucommia ulmoides leaves on the proliferation of osteoblast 
Mg-63 [J]. Chinese Journal of Pharmacology & Toxicology, 201, 35(10): 742-743. 

[39] Li Sen, Xie Renming, Sun Wenji. (2010). Effect of total glucoside of eucommia ulmoides seed on osteoporosis in mice [J]. 
Chinese patent medicine, 2010, 32(02): 205-208. 

[40] Liu Cong, Guo Feifei, Xiao Junping, Wei Junying, Tang Liying, Yang Hongjun. (2020). Research progress on chemical con-
stituents and pharmacological effects of different parts of eucommia ulmoides [J]. China journal of Chinese materia medica, 
2020, 45(03): 497-512. 

[41] Weng Zebin, Yan Cuiping, Gao Qianqian, Zhao Genhua, Chen Zhipeng, Cai Baochang, Li Weidong. (2015). Effects of differ-
ent prepared eucommia ulmoides drug serum and its iridoids on the proliferation and differentiation of osteoblasts from post-
menopausal women [J]. Shi zhen traditional Chinese medicine, 2015, 26(11): 2636-2638. 

[42] Zuo Tao, Song Hang. (2016). Effects of iridoids from eucommia ulmoides on sex hormone conversion [J]. Chemical industry 
and engineering progress, 2016, 35(S2): 319-323. 

[43] Hu Qianying, Yin Ruilin, Wang Yifei, Liu Xuejing, Ding Yanxia. (2018). Expression of OPG and RANKL in osteoblasts from 
Eucommia ulmoides [J]. Chinese journal of experimental formulae, 2018, 24(10): 181-186. 

[44] Du Peng, Xiao Runmei, Chen Yong. (2005). Experimental study of flavonoids of Epimedium and Eucommia ulmoides on reti-
noic acid induced osteoporosis in mice [J]. Journal of Hubei University (Natural Science), 2005(04): 392-394. 

[45] Li Sanhua, Chen Quanli, He Zhiquan, Ling Zinc. (2011). Effects of total flavonoids of eucommia ulmoides on the expression of 
osteosin in rat osteoblasts [J]. Journal of anhui agricultural sciences, 2011, 39(25): 15279-15280+15282. 

[46] Li Sanhua, Chen Quanli, Yang Jiaqiang. (2018). Effects of total flavonoids from eucommia ulmoides on bone metabolism in 
ovariectomized rats [J]. Chinese journal of geriatric science, 2018, 38(13): 3198-3200. 

[47] LAN Bo, Liu Ting, Xie Yumin, Wang Aimin, Li Yongjun. (2014). Effects of two flavonoids from Eucommia ulmoides on 
OPG/RANKL and osteogenesis related transcription factors in osteoblasts [J]. Chinese journal of experimental formulae, 2014, 
20(22): 180-184. 

[48] Zhen Yuan, Jun Min, Kai Wang, Fei Long, Yongjing Wang, Jun Luo. (2018). Comparison of flavonoids from eucommia ul-
moides in the treatment of osteoporosis in rats [J]. Chin J osteoporosis, 2018, 24(02): 244-248. 

[49] Jia Mingjie, Luo Jiayuan, Jiang Shilong, Bao Yihong. (2022). Research progress of plant active ingredients against osteoporo-
sis [J/OL]. Science and Technology of Food Industry, 1-22[2022-04-24]. 

[50] Weng Zebin, Yan Cuiping, Gao Qianqian, Zhao Genhua, Chen Zhipeng, Cai Baochang, Li Weidong. (2015). Effects of differ-
ent prepared eucommia ulmoides drug serum and its iridoids on the proliferation and differentiation of osteoblasts from post-
menopausal women [J]. Shi zhen traditional Chinese medicine, 2015, 26(11): 2636-2638. 



Chi Zhang, Longwang Tan, Wei Zhu, Zhengzheng Yang, Meng Guo 
 

 

DOI: 10.26855/ijcemr.2022.07.009 294 International Journal of Clinical and Experimental Medicine Research 
 

[51] Cai Jianping, Zhang Xian, Xia Shulin, Xie Huansong. (2009). Effects of Eucommia ulmoides on femur weight, mineral content, 
tibial flexural resistance and serum alkaline phosphatase in castrated rats [J]. Shi zhen traditional Chinese medicine, 2009, 
20(08): 1967-1969. 

[52] Zhao Liang, Chen Zhiming. (2019). Effect of salt prepared eucommia ulmoides on bone metabolism and biochemical parame-
ters in ovariectomized osteoporosis rats [J]. Chinese journal of traditional Chinese medicine and traditional Chinese medicine, 
2019, 30(03): 587-588. 

[53] Xiong Wei, Zhao Liang. (2016). Effects of salt prepared eucommia ulmoides on blood biochemical indices in aging osteoporo-
sis model rats [J]. Journal of Shanghai medical university, 2016, 27(11): 2623-2624. 

[54] Weng Zebin, Yan Cuiping, Wu Yu, Cai Baochang, Chen Zhipeng, Li Weidong. (2014). Effect of salt preparation on the treat-
ment of ovariectomized osteoporosis in rats [J]. Chin J osteoporosis, 2014, 20(12):1457-1463. 

[55] Cheng Yin, Gao Wenbo, Chen Yanjing, Zhang Zhiguo. World Science and Technology-Modernization of Traditional Chinese 
Medicine, 201, 23(09): 3298-3306. 

[56] Wang Du, Dai Yi, Fan Yan-bo, Luo Kun. (2016). Effects of Psoralea ulmoides on proliferation and expression of MMP3/OPN 
pathway protein in ovariectomized rat osteoblasts [J]. Chinese journal of hospital pharmacy, 2016, 36(08): 620-624. 

[57] Duan Weihua, Niu Yanbing, Cui Mingwan, Zhao Zhenyu, Liu Erwei, Gao Xiumei. (2016). Effect of different proportions of 
duzhong pills on osteoporosis in ovariectomized rats [J]. Chinese journal of experimental traditional Chinese medicine, 2016, 
22(07): 130-133. 

[58] Wang Jibo, Wang Zhaojie, An Rongze, Peng Hao, Zeng Xuan, Wang Min. (2017). Effect of eucommia ulmoides combined 
with astragalus on osteoporosis in female rats after castration [J]. Shandong medicine, 2017, 57(48): 31-34. 

[59] Yang Rongping, Deng Gaigai, Luo Youcheng, Li Na, Zhang Xiaomei. (2011). Effects of different extracts of Qinge Pills on the 
proliferation and differentiation of osteoblasts and the activity of osteoclasts [J]. Shi zhen traditional Chinese medicine, 2011, 
22(11): 2588-2590. 

[60] Yan Cuiping, Weng Zebin, Wu Yu, Chen Zhipeng, Cai Baochang, Li Weidong. (2014). Comparison of the effect of qinge pill 
salt preparation and raw preparation on ovariectomy-induced osteoporosis [J]. Journal of Nanjing university of traditional 
Chinese medicine, 2014, 30(05): 438-442. 

[61] Weng Zebin, Yan Cuiping, Zhang Zhijie, Gao Qianqian, Zhao Genhua, Chen Zhipeng, Cai Baochang, Li Weidong. (2015). 
Effects of qinge pill serum containing different prepared products on proliferation, differentiation and mineralization of human 
osteoblast [J]. Chinese journal of experimental formulae, 2015, 21(06): 165-168. 

[62] Wang Du, Dai Yi, Fan Yan-bo. (2016). Effects of different concentrations of Qinge Pill containing serum on the expression of 
MMP3OPN pathway protein and its apoptosis mechanism in vitro [J]. Chinese journal of hospital pharmacy, 2016, 36(24): 
2173-2178. 

[63] Liu Ming, Xuan Zhenhua, Zhang Yongping, Liu Yi, Liu Li, Wang Haiyang. (2017). Effect of duzhong zhuanggu pill on reti-
noic acid induced osteoporosis in mice [J]. China pharmacy, 2017, 28(01): 35-38. 

[64] Yang Fan, Zhang Xiuyan, Dong Xin, Ma Feixiang, Lu Jingkun, Xue Peifeng. Effect of Erwei Duzhong Decoction on 
d-galactose induced osteoporosis in rats [J]. Chinese Patent Medicine, 202, 44(04): 1291-1294. 

[65] Shen Lin, Du Jingyuan, Yang Jiayu, Yang Yanping, Gao Lan, Zhou Piqi. (1994). Treatment of senile osteoporosis with qinge 
pill in 52 cases [J]. Hubei Journal of Traditional Chinese Medicine, 1994(03): 16-18. 

[66] Qinglai Bian, Xiaojuan Zou, Lin Shen. (2018). Effect of qinge pills on kidney deficiency and blood stasis syndrome of post-
menopausal osteoporosis [J]. China journal of traditional Chinese medicine, 2018, 33(01): 308-312. 

[67] Wang Xin-yan, Liu Jian-hong, Huang Xian-yuan. (2020). Effects of Qinge pills on bone mineral density, bone metabolism and 
osteosclerosis protein in postmenopausal patients with osteoporosis [J]. Chinese journal of osteoporosis, 2020, 26(03): 
412-415. 

[68] Huan-ping Zhu, Min Shi, Wei-ping Zhang, Tong Ma, Ji-rong Zhao. Effects of Duzhong Yaotong Pill on bone mineral density, 
bone metabolism and bone formation in elderly patients with osteoporosis [J]. Chinese Journal of Osteoporosis, 201, 27(02): 
257-262. 

[69] Huan-Ping Zhu, Ji-rong Zhao, Min Shi, Wei-ping Zhang, Tong Ma. Clinical observation of Duzhong Yaotong Pill in the treat-
ment of senile patients with osteoporotic lumbago and back pain [J]. Chinese Materia Medica Pharmacology and Clinical, 201, 
37(06): 153-156. 

[70] Dai Shaochuan. (2018). Clinical study of duzhong Zhuanggu capsule combined with raloxifene in the treatment of postmeno-
pausal osteoporosis [J]. Chinese journal of osteoporosis, 2018, 24(11): 1489-1492. 


