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Introduction

Osteoporosis is characterized by a reduction in bone strength 
and an increased risk for low-trauma fracture and is one of 
the most common public health problems worldwide (1). 
In particular, postmenopausal osteoporosis is considered a 
major concern for women (2-3). Postmenopausal women are 
at a higher risk of developing osteoporosis than men because 
estrogen deficiency is considered to be an important cause 
of pathological bone loss after menopause (4). Deficiency 
of estrogen is reported to accelerate bone turnover, with 
the rate of osteoclastic bone resorption exceeding that of 
osteoblastic regeneration, thus causing an imbalance between 
bone formation and resorption (5). Complex metabolic and 
biochemical changes lead to a dramatic reduction in bone 
mass after menopause, which is related to an increased risk of 
fragility fractures (6-7). Recently, many studies have shown 
that oxidative stress (OS) plays a role in the pathogenesis of 
osteoporosis, and several risk factors for osteoporosis, such 
as aging, abdominal obesity, diabetes, and cardiovascular 
diseases, are associated with high levels of OS (8-9). Low 
bone mineral density (BMD) is associated with increased 
reactive oxygen species (ROS) production, especially in 
postmenopausal osteoporotic women because of the deficiency 
in estrogen (10). A decline in estrogen levels leads to loss of 
protective action against OS and ROS, which is followed by 
depletion of antioxidant enzymes. The consequent increase 
in OS and ROS suppresses bone formation by inhibiting 
osteoblast differentiation and decreasing the survival of these 
cells, and stimulates osteoclastic activity, ultimately leading to 

development of osteoporosis (11). The relationship between 
bone mass and ROS has been investigated through clinical 
research. An increase in superoxide formation by osteoclasts 
that accompanies the activated bone resorption and loss of bone 
density was shown to be a common factor in the pathogenesis 
of osteoporosis (12). Alendronate, a widely used anti-
osteoporotic agent, has been shown to increase bone formation 
and BMD, with concurrent improvement in OS markers of 
osteoporotic fractures in mice and in postmenopausal women 
(13). Estrogen replacement therapy (ERT) has also been shown 
to play an important beneficial role in the improvement of anti-
oxidative activity and prevention of bone loss (14). However, 
it is difficult for menopausal women to comply with long-term 
ERT because it causes side effects including nausea, headaches, 
breast tenderness, a rise in blood pressure, and weight gain 
(15). Moreover, when ERT is stopped the bone loss is likely to 
increase again at the same rate as immediately after menopause. 
In recent years, there has been a trend towards studying herbal 
foods related to bone metabolism and their anti-oxidative 
effects (16).

Artemisia princeps (AP), a member of the composite 
family of plants, has been widely used as a traditional 
medicinal herb in Korea, China, and Japan for the treatment 
of various symptoms including vomiting, diarrhea, and 
irregular uterine bleeding (17-18). Above all, through in 
vitro and in vivo experiments anti-infammatory activities and 
anti-oxidant properties on flavonoids isolated from AP are 
being studied. Jaceosidin, eupatilin, eupafolin and apigenin, 
which are flavonoid components of AP, are known to have 
pharmacological properties; anti-diabetic, anti-allergic, anti-
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inflammatory, anti-atherosclerosis, anti-oxidant, and anti-
cancer (19-21). In addition, recent studies have reported the 
use of Artemisia species as a supplement for wound healing 
and for bone and cartilage regeneration (22-24). Based on this 
information, the aim of this study was to evaluate whether 
supplementation with AP extracts has beneficial effects on bone 
metabolism and bone biomarkers using ovariectomized rats as a 
model for postmenopausal women.

Methods and materials

Preparation of Artemisia princeps
Artemisia princeps (AP) was obtained from a local supplier 

(MANI F&B, Incheon, Korea). A mixture of raw plant material 
and ethanol (1:20) was sonicated in an ultrasonic bath (3210, 
Branson Ultrasonics, Connecticut, USA) at 60 kHz for 1 hour 
at 60°C and filtered by vacuum filtration. Ethanol was added to 
the residue, which was subjected to another round of extraction 
and filtration. This procedure was repeated two more times. 
Distilled water was added to the final residue, followed by 
further sonication and filtration. The resultant AP extract was 
concentrated in an evaporator (Rotatory evaporator, N-1N, 
EYELY Sunil, Korea) and freeze-dried (FD8512, Ilshin, 
Korea). 

Animal Models and Experimental Diet
All experimental procedures were approved by and 

conducted in accordance with guidelines of the Animal Care 
and Use Committee of Kyung Hee University (KHUASP (SU) 
13-01).

Twenty-six Sprague-Dawley rats (5-week-old females; 
body weight, 152.8 ± 3.9 g) were purchased from SLC, Inc. 
(Shinzuoka, Japan) and housed in cages with climate control to 
maintain an adequate temperature (22 ± 2°C), photocycle (12-h 
light: 12-h dark), and relative humidity of 60% with 24-h air 
circulation via forced ventilation. Pellet chow diet and water 
were provided ad libitum during a 1-week acclimatization 
period. After this period, the rats were randomly divided into 
five groups as follows: sham-operated control (SHAM, n = 4); 
ovariectomized control (OVX, n = 5); ovariectomized group 
treated by gavage with 10 mg/kg/day alendronate (ALEN, n = 
5); ovariectomized group treated by gavage with 100 mg/kg/
day Artemisia princeps (AP100, n = 6); ovariectomized group 
treated by gavage with 300 mg/kg/day Artemisia princeps 
(AP300, n = 6). Animals in the SHAM and OVX control 
groups were given an oral injection of distilled water. Rats in 
the ovariectomized groups were anesthetized using isoflurane 
inhalation (3% dissolved in oxygen) and bilateral ovariectomy 
was performed via a single longitudinal skin incision on the 
dorsal midline at the level of the kidneys. The ovaries were 
ligated and removed. The sham group underwent a similar 
surgery in which the ovaries were exposed but left intact. 

After a recovery period of at least 7 days, the experimental 
diet (AIN 93G pellets, USA) was provided with water ad 

libitum during a 12-week preliminary period. This was 
followed by a 15-week experimental period, during which the 
rats were given distilled water or the appropriate test agent by 
oral gavage. At the end of the experimental period, the rats 
were fasted overnight for 12 h and sacrificed under anesthesia 
with ethyl ether. Blood was collected by cardiac puncture into 
serum-separating tubes. Serum was obtained by centrifugation 
at 3,000 rpm for 15 min at 4°C, and stored at −70°C until 
required for analysis.

Body Weight and Food Consumption
Food consumption and weight gain of the rats were 

measured weekly using a balance. During the 15-week 
experimental period, body weight was measured twice a week 
and food intake was measured daily. The food efficiency ratio 
(FER) was calculated using the following equation: [gain of 
body weight (g)/ day]/ [amount of food consumed (g)/ day].

Blood Analysis
Serum calcium (Ca) and phosphorus (P) levels were 

determined using a chemistry auto-analyzer (ADVIA 1650, 
Bayer, Japan). Serum superoxide dismutase (SOD) levels were 
measured by enzyme-linked immunosorbent assay (ELISA) 
using a SIRIO-S microplate photometer at 450 nm/ 620 nm. 
Serum pro-inflammatory cytokines IL-1, IL-6 and TNF-α were 
measured using a Millipore’s MILLIPLEX rat cytokine panel 
(Millipore).

Urine Analysis
Prior to termination of the study, the rats were transferred to 

individual metabolic cages for urine collection over the 12-h 
fasting period. During this time the rats had free access to water 
but food was withheld. Instruments used for collection of urine 
were washed with 0.1 N HCl. Urine samples were centrifuged 
at 2,000 rpm for 15 min at room temperature and the upper 
layer was collected and stored at -70°C until analysis. Urinary 
Ca was determined using a chemistry auto-analyzer (ADVIA 
1650, Bayer, Japan). Urinary creatinine, which is a useful 
marker of bone resorption, was measured using an ELISA 
kit based on collagen cross-links™ (Metra Biosystems Inc., 
Mountain View, CA, USA). N-terminal telopeptide of type-I 
collagen (NTx), a marker of bone turnover, was measured 
by ELISA using a commercial kit (Osteomark, Wampole 
Laboratories, USA).

Histomorphometric Analysis by Micro-Computed 
Tomography 

Histomorphometric analysis of the tibia was performed using 
a SkyScan 1076 (SkyScan, Kontich, Belgium) micro-computed 
tomography (μ-CT or micro-CT) system. The cortical and 
trabecular microstructure and 3D images of the left tibiae were 
scanned at 50 kV and 200 μA with a rotation step of 0.4°. 
During the analysis, zoletil 50 (Virbac) and rompun (Bayer) 
were administered intraperitoneally to anesthetize the animals. 
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Analyses of the reconstructed scans were performed using 
NRecon cone-beam algorithm software (SkyScan), and the files 
were imported into CTAn software (SkyScan) for 3D analysis 
and image generation.

Statistical Analysis
Statistical analysis was carried out using SPSS software 

(Version 21.0, SPSS INC., Chicago, IL, USA). All data were 
expressed as mean ± standard deviation (SD), and the Duncan’s 
multiple range test was used to compare different groups. 
Values of p<0.05 were considered significant.

Results

Body Weight, Weight Gain, Food Intake, and Food 
Efficiency Ratio 

The mean values of body weight, food intake, and food 
efficiency ratio (FER) are shown in Table 1.

At the start of the experiment, initial body weights were 
not different among the groups. However, at 4 weeks after 
ovariectomy, the body weights of OVX rats were significantly 
increased compared with those of the SHAM group, and this 
significance was maintained throughout the experimental 
period (p<0.05). As a result, the weight gain of ovariectomized 
groups was significantly higher than that of the SHAM group 
(p<0.05), whereas the weight gain among the ovariectomized 
groups was not significantly different. The mean values of food 
intake and FER were significantly lower in the SHAM group 
than in all other groups (p<0.05). In addition, treatment of 
ovariectomized rats with AP100 tended to result in a decrease 
in food intake compared with the other OVX groups.

Effect of AP on Serum and Urinary Biochemistry in 
Experimental Animals

As shown in Table 2, the serum levels of Ca were generally 
similar among all groups. The OVX groups tended to show 
a decrease in serum levels of Ca compared with the SHAM 

group (p<0.05), but the serum levels of Ca in all groups were 
within the normal range (7.2–13.0 mg/dl). The serum level of P 
in the OVX group was significantly lower than the levels in all 
other groups (p<0.05), which were in the normal range (3.11–
11.0 mg/dl) (25). The serum Ca/P ratio in the OVX group was 
significantly higher than that in all other groups (p<0.05).

Figure 1
Effect of AP on the Antioxidant Enzyme SOD in Experimental 

Rats

Data are mean ± S.D. Different superscript letters within a row indicate significant 
differences by Duncan’s multiple range tests at p<0.05.

The urinary NTx was not significantly different among the 
five groups, although the SHAM and OVX+treatment (ALEN, 
AP100, and AP300) groups tended to show decreased urinary 
NTx compared with the OVX group. The urinary Ca of all 
OVX+treatment groups was significantly reduced (p<0.05). In 
addition, the SHAM group had slightly lower urinary Ca than 
the OVX group, but the difference was not significant. The 
urinary creatinine of the OVX group was significantly higher 
than that of all other groups (p<0.05).
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Table 1
Changes in Body Weight, Weight Gain, Food Intake, and Food Efficiency Ratio

Experimental Group
SHAMa) OVXb) ALENc) AP100d) AP300e) p-value

Body weight (g)
Initial 152.8±2.9 153.2±4.6 151.8±4.4 152.5±5 153.2±2.9 0.981
Basal 275.7±19.5b 355.1±39.4a 346.1±11.3a 350.8±27.3a 340±13.4a 0.001
Final 286.9±18.4b 375.3±21.1a 361.4±17.7a 359.1±29.3a 356.7±9.9a <0.001
Weight gain (g/d) 0.68±0.09b 1.13±0.09a 1.06±0.11a 1.01±0.12a 1.03±0.05a <0.001
Food intake (g/d) 8.39±1.11b 9.43±0.81a 9.10±0.98a 8.98±1.02ab 9.12±0.81a 0.016
FER (%)f 0.58±0.08b 0.86±0.13a 0.84±0.06a 0.81±0.10a 0.81±0.07a 0.016
a) SHAM: non-ovariectomized rats, b) OVX: ovariectomized rats, c) ALEN: ovariectomized rats + Alendronate (10 mg/kg/day), d) AP100: ovariectomized rats + Artemisia princeps  (100 
mg/kg/day), e) AP300: ovariectomized rats + Artemisia princeps (300 mg/kg/day), f) FER: food efficiency ratio = [weight gain (g) /day] /[amount of food consumed (g) /day]. Data are 
mean ± S.D. Different superscript letters within a row indicate significant differences by Duncan’s multiple range tests at p<0.05.



Effect of AP on the Antioxidant Enzyme SOD in 
Experimental Animals

As shown in Fig. 1, the serum levels of SOD were highest 
in the OVX group and lowest in the SHAM and ALEN groups 
(p<0.05). In addition, the serum levels of SOD in the AP 
groups (AP100, AP300) were lower than that in the OVX 
group, but there was no difference between the AP100 and 
AP300 groups.

Effect of AP on Pro-inflammatory Cytokines in 
Experimental Animals

As shown in Table 3, the serum levels of pro-inflammatory 
cytokines IL-1, IL-6, and TNF-α were decreased in the rats 
treated with AP among all groups. In particular, AP300 
treatment significantly reduced the adverse effects of 
ovariectomy (p<0.05). The serum level of pro-inflammatory 
cytokines in the ALEN group was significantly higher than the 
levels in all other groups (p<0.05).

Effect of AP on Histomorphometric Analysis by Micro-
Computed Tomography 

Bone remodeling is a collective term for the continual 
counter-balanced processes of bone formation and bone 

resorption. Bone remodeling activity can be monitored by 
static histomorphometric analysis (26). To estimate the 
effects of AP on bone remodeling activity, we analyzed bone 
histomorphometric indices including bone thickness and BMD 
in all rats. As shown in Fig. 2, the ratio values per weight 
for bone thickness and BMD were generally lower in OVX 
groups compared to the SHAM group. In particular, BMD 
in the cortical region was significantly reduced in rats with 
estrogen deficiency induced by ovariectomy. However, bone 
thickness and trabecular BMD were increased in the rats treated 
with AP compared with the OVX group. In particular, AP300 
treatment significantly reversed the effects of ovariectomy 
on histomorphometric indices. As shown in Fig. 3, the 
microarchitecture of the animal trabecular bone and cortical 
bone was markedly improved by administration of AP after 
ovariectomy.

Discussion

Our hypothesis was that AP administered via gavage 
over a 15 week period would have positive effect on bone 
metabolism, and consequently helps to prevent osteoporosis 
in ovariectomized rats. We used OVX rats which its ovarian 
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Table 2
Effect of AP on Serum and Urinary Biochemistry in Experimental Rats

Experimental Group
SHAMa) OVXb) ALENc) AP100d) AP300e) p-value

Serum
Ca (mg/dL) 10.63±0.15a 9.83±0.15bc 9.73±0.15c 10.21±0.42ab 10.00±0.21bc 0.007
P (mg/dL) 3.65±0.58ab 2.53±0.25c 3.50±0.26b 3.73±0.65ab 4.56±0.91a 0.003
Ca/P ratio 2.85±0.49b 3.91±0.43a 2.69±0.09b 2.80±0.42b 2.26±0.43b 0.001
Urinary
NTx (ng/mL)f) 7.70±2.23 13.06±8.79 5.23±1.24 5.88±0.85 8.17±3.03 0.076
Ca (mg/dL) 63.8±27.56a 67.9±17.24a 28.3±13.36b 14.8±6.12b 29.3±22.35b 0.002
Cr (mg/dL)g) 173.7±33.17b 297.1±75.18a 123.1±9.49b 104.5±33.28b 123.1±71.1b 0.001
a) SHAM: non-ovariectomized rats, b) OVX: ovariectomized rats, c) ALEN: ovariectomized rats + Alendronate (10 mg/kg/day), d) AP100: ovariectomized rats + Artemisia princeps (100 
mg/kg/day), e) AP300: ovariectomized rats + Artemisia princeps (300 mg/kg/day). f) NTx: N-telopeptide of type I collagen. g) Creatinine. Data are mean ± S.D. Different superscript 
letters within a row indicate significant differences by Duncan’s multiple range tests at p<0.05.

Table 3
Effect of AP on Pro-inflammatory Cytokines in Experimental Rats

Experimental Group
SHAMa) OVXb) ALENc) AP100d) AP300e) p-value

IL-1β (pg/ml) 56.3±13.6b 102.4±34.3a 94.4±8.7a 64.6±5.6b 63.6±6.3b 0.011
IL-6 (pg/ml) 883.5±126.6bc 1096.3±491.5ab 1343.3±63.5a 775.5±8.9bc 551.2±7.8c 0.005
TNF-αf) (pg/ml) 37±4.5ab 42.88±17.0ab 48.3±6.8a 28.38±8.9b 10.71±5.2c 0.001
a) SHAM: non-ovariectomized rats, b) OVX: ovariectomized rats, c) ALEN: ovariectomized rats + Alendronate (10 mg/kg/day), d) AP100: ovariectomized rats + Artemisia princeps (100 
mg/kg/day), e) AP300: ovariectomized rats + Artemisia princeps (300 mg/kg/day), f) TNF-α: Tumor necrosis factor-alpha. Data are mean ± S.D. Different superscript letters within a row 
indicate significant differences by Duncan’s multiple range tests at p< 0.05.
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hormone has been removed, to investigate the anti-osteoporosis 
effect of AP. Treatment of ovariectomized rats with AP extracts 
for 15 weeks prevented the reduction in bone thickness and 
trabecular BMD caused by urinary Ca and Cr excretion, and 
also prevented the increase in bone turnover by maintaining 
the serum Ca/P ratio. As a result, the microarchitecture of the 
trabecular bone and cortical bone was markedly improved by 
administration of AP extracts (Fig. 3).

Figure 2
Effect of AP on Thickness and Bone Mineral Density of the 

Tibia in Experimental Rats

Tb: Trabecular bone, Cr: Cortical bone, Data are mean ± S.D. Different superscript letters 
within a row indicate significant differences by Duncan’s multiple range tests at p< 0.05.

Figure 3
3D Images of (A) Trabecular Bone and (B) Cortical Bone using 

micro-CT

Oxidative stress (OS) develops in postmenopausal 
osteoporotic women as a result of estrogen deficiency. 
The relationship between osteoporosis and OS has been 
examined in many studies (27-29). The results of the earlier 
studies on animals showed that osteoclastic functions and 
differentiations were stimulated by the reactive oxygen species 
(ROS), especially H2O2 and O2. Oxygen radicals, which 
appear on cell levels are detoxified by the enzyme superoxide 
dismutase (SOD). The mechanism of SOD effect is supposed 
to prevent hematopoietic progenitor cells from death (30-31). 

In this study, activation of the antioxidant enzyme SOD was 
significantly increased in the OVX group, consistent with 
results previously reported in patients suffering from rheumatic 
diseases and osteoporosis (32-33). Overexpression of SOD 
is implied as a compensatory action during OS (34) proved 
by many researchers including Ostalowska et al. (2006). The 
authors showed increased activity of SOD in the synovial 
fluid of patients with primary and secondary osteoarthritis of 
the knee joint. In recent studies, eupatilin, the primary active 
component of AP, suppressed the expression of inflammatory 
cytokines and the differentiation of osteoclast in collagen 
induced arthritis mice (35). In addition, incubation of bone-
marrow derived monocytes with eupatilin inhibited their 
differentiation into osteoclast when these cells were treated 
(23, 36). Overall findings of previous studies on rat models of 
osteoporosis indicate that AP extracts improve the collagen 
content of the bone tissue and the quality of cartilage (37). 
As in previous reports, the AP-treated groups in our study 
showed significant improvement in the bone histomophological 
parameters of the tibia after ovariectomy. Histomorphometric 
analysis and 3D images from micro-CT revealed that trabecular 
and cortical bone in AP groups was restored to normal levels 
compared with the OVX group. The results of the present study 
are consistent with an earlier report of Kim (2006) showing that 
AP has protective effects against bone loss in ovariectomized 
rats.

Serum Ca and P levels are widely accepted as 
biomarkers for bone turnover (38). The observed effects of 
AP on bone regeneration could be mediated by regulating 
Ca/P homeostasis. Under stable conditions, serum Ca/P 
concentrations have a direct influence on bone formation. 
Thus, in addition to ovary hormone, calcium metabolism 
plays an important role in bone turnover, and imbalance of 
Ca/P ratio leads to impair bone deposition (39). Our data 
proved that ovariectomy led to hypophosphatemia in the 
OVX rats. Hypophosphatemia can easily cause a defect in 
the cartilage and bone formation (40-41). Additionally, as 
expected, calcium imbalance and osteoporosis was documented 
in the ovariectomized rats (42-43). Our findings suggest that 
AP can play a crucial role in the regulation of bone mass 
by maintaining the balance between serum Ca and P levels. 
Especially, the serum Ca/P ratio, which is used as a clinical 
marker for defects in bone formation, was high in the OVX 
group because of an increase in bone resorption. Thus, we 
suggest that supplementation with AP in ovariectomized rats 
may help to maintain a suitable balance of serum Ca and 
P for bone mineralization, and may reduce the high rate of 
bone turnover. Indeed, after a relatively long treatment period 
(15 weeks), bone density analysis showed that AP extract 
had a bone-sparing effect. To ascertain whether bone loss 
was an inevitable consequence of marked changes in bone 
turnover, we evaluated specific urinary biochemical markers 
of bone turnover, 12-h urinary NTx, Ca and Cr. As expected, 
AP effectively prevented the ovariectomy-induced urinary 
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excretion of Ca and Cr. Our findings indicate that reabsorption 
of Ca was stimulated in OVX treatment groups leading to a 
decrease in urinary Ca excretion.

One likely reason for this improvement in bone loss is the 
decrease in pro-inflammatory markers. The loss of estrogen 
accelerates the formation of osteoclasts and osteoblasts in 
the bone marrow by increasing the production and activity 
of pro-inflammatory cytokines, including IL-6, TNF-α, and 
IL-1 (44-45). Similar to previous reports, the current study 
found that expression of the pro-inflammatory cytokines IL-6, 
TNF-α, and IL-1 was significantly increased in the OVX 
group. Interestingly, the OVX and ALEN groups showed 
similar results for pro-inflammatory cytokines. Several 
reports have warned of the potential side effects from long-
term use of alendronate (46). Previous studies have shown 
similar increases in IL-6, and TNF-α after administration of 
bisphosphonate (47-49). The increased secretion of IL-1, IL-6, 
and TNF-α observed in the ALEN group over a relatively long 
experimental period in our study may explain the potential 
side effects of alendronate. On the other hand, AP effectively 
prevented the increase in pro-inflammatory IL-1, IL-6 and 
TNF-α in ovariectomized rats. As previously observed in 
similar studies, AP had a positive effect on bone mineralization 
by reducing the expression of pro-inflammatory cytokines, and 
by increasing bone density and decreasing bone reabsorption 
markers (50). This suggests that AP might prevent the side 
effects of long-term use of alendronate in postmenopausal 
osteoporotic women.

Most of the findings in the previous study that dealt with the 
bone biomarker stimulating effect of AP were based on in vitro 
and in vivo (19-21). The results provided considerable evidence 
that AP extract have a potential effect to improve bone 
biomarker. Only a few investigations have been performed 
as short-term experiments in rats (20, 35, 36, 50). The main 
strength of this study on the anti-osteoporosis effect of AP is 
their ability to explain relatively long-term experimental period 
and the multifaceted intervention. However, it remains unclear 
whether the activities of AP were caused by a single component 
or interaction effects. In conclusion, AP prevented bone loss 
and reduced osteoclast activity and high bone turnover in 
ovariectomized rats by controlling the serum Ca/P ratio and 
through anti-inflammatory and the anti-oxidant properties. 
Our findings suggest that AP might be a promising therapeutic 
option for the improvement of postmenopausal osteoporosis.
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