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Abstract: The clinical utility of Traditional Chinese Medicine (TCM) herbs/roots extracts in osteoporosis (OP) and os-
teoarthritis (OA) has been described in multiple reports, but there have been few studies of TCM for preventing bone 
loss and cartilage degradation simultaneously. Six-month-old female Sprague-Dawley rats each were subjected to 
ovariectomized (OVX) or sham surgery and treated orally once daily with herbal extracts or vehicle. Body weight 
was recorded weekly, and blood samples were collected from fasting animals at different time points. Biochemical 
markers of bone resorption and cartilage degradation were analyzed. Changes in bone mineral density and calcium 
content were determined in the femoral center and femoral telocentric end of rats. Out of 56 TCM herbs/roots ex-
tracts, only kudzu root demonstrated consistent joint protective effects. OVX resulted in a marked increase in bone 
resorption and cartilage degradation, which could be significantly reversed by kudzu after three weeks of treatment. 
Compared to vehicle, kudzu induced a significant increase in bone mineral density in the femoral center and femoral 
telocentric end, and calcium content. The results show that kudzu exerts direct effects on articular cartilage in the 
OVX rat and can effectively prevent the acceleration of cartilage degradation induced by ovariectomy. Moreover, 
kudzu has demonstrated positive effects on metabolic health (cause a weight reduction) and may represent a pos-
sible treatment for OP and OA with high body mass index. Further studies are needed to investigate the potential 
effects of kudzu root in postmenopausal women.
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Introduction

Postmenopausal osteoporosis (OP) is a chronic 
skeletal disease characterized by low bone 
mass and microarchitectural deterioration of 
bone tissue, which results in increased bone 
fragility and fracture risk. OP becomes a com-
mon disease with an increasing prevalence in 
women due to longer life expectancy [1, 2].

Osteoarthritis (OA) is a degenerative joint dis-
ease and has a higher incidence in women 
after menopause than age-matched men. OA is 
also more likely to occur in people who are 
overweight [3, 4]. OA is a disease that affects 
the whole joint, including cartilage, subchon-
dral bone, synovium, tendons, and muscles. 
Estrogen deficiency during menopause can 
lead to health problems such as sleeping disor-
ders, vaginal dryness, joint pain, reduced bone 

density, cardiovascular disease, etc [5, 6]. OP 
and OA remain major and growing epidemiologi-
cal problems worldwide.

Women receiving estrogen or selective estro-
gen receptor modulators (SERMs) therapy have 
a lower risk of developing radiographic knee 
and hip OA. Achieving a weight loss of 5% of 
total body weight within a 20-week period was 
useful for the treatment of knee OA [7]. However, 
current estrogen replacement therapy using 
synthetic estrogens has some side effects that 
include a slight but significant increase in the 
risk of developing breast and endometrial can-
cer due to unselective estrogenic action [8, 9]. 
Kudzu root (also known as Ge Gen), the dry 
radix part of Puerariae Lobatae (Wild), is one of 
the most common ingredients in traditional 
Chinese herbs which have been applied in med-
icine for 1200 years [10]. Kudzu root contains 
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abundant estrogen-like isoflavones in the forms 
of glycosides and aglycones, such as daidzein, 
daidzin, genistin, glycitein, and puerarin. Isofla- 
vones, especially puerarin, which are believed 
to be the primary active constitutes in kudzu 
extract, belong to a class of phytochemicals 
called phytoestrogens or SERMs because they 
exhibit estrogenic and antiestrogenic proper-
ties [11, 12]. They can act as estrogen agonists 
or antagonists, depending on endocrine estro-
genic levels. Epidemiological studies have sug-
gested that isoflavones may play a preventive 
role in many hormone-dependent diseases and 
symptoms that are usually associated with 
menopause such as hot flashes, OP, and OA 
[13]. Christgau S, et al. demonstrated that 
estrogen and SERMs could maintain joint 
health and suppress cartilage turnover in post-
menopausal women and ovariectomized (OVX) 
rats [14]. The discovery that dietary isoflavones 
such as daidzein, genistein, biochanin A and 
formononetin can bind to estrogen receptors 
(ER) raised the possibility that the phytoestro-
gens may exert their beneficial effect by modu-
lating estrogenic activity in vivo [15, 16]. Much 
attention has been paid to phytoestrogens 
which could be used as potential SERMs to 
estrogen replacement therapy (ERT) for OP and 
OA [17, 18]. 

Ovariectomy is an FDA-approved golden stan-
dard model for postmenopausal osteoporosis, 
and numerous animal studies indicate a rela-
tion between osteoarthritic changes and ovari-
ectomy (OVX) in adult animals [14, 19, 20]. It is 
also reported that the estrogen and selective 
estrogen receptor modulators (SERMs) can pre-
vent cartilage damage and bone loss in OVX 
model [21, 22]. This model is commonly used 
both for the underlying pathophysiology of the 
disease and for the assessment of potential 
treatment modalities [23, 24]. For mimicking 
postmenopausal OP and OA closely, the selec-
tion of aged OVX rats (>6 months old), which 
have already slow growth rates, is the most 
appropriate. The simplest methods for monitor-
ing treatment effects include the use of bio-
markers of osteoblast-mediated bone forma-
tion such as osteocalcin, Procollagen type I 
N-terminal propeptide (PINP), bone-specific 
alkaline phosphatase (bsALP), as well as osteo-
clast-mediated bone resorption such as 
N-terminal telopeptide of collagen type I (NTX-I) 
and C-terminal telopeptide of collagen type I 

(CTX-I), [23, 25] which all can be measured in 
serum or urine samples. Validated assays for 
measuring different parameters of bone and 
cartilage are available and can be easily com-
bined with this model.

In this study, 56 of CFDA listed Traditional 
Chinese Medicine (TCM) herbs/roots extracts 
were screened to determine their ability to pre-
vent bone loss and cartilage degradation in 
OVX rats as a model of accelerated bone and 
cartilage degradation, and only one plant (wild 
kudzu) showed consistently superior joint pro-
tective effects. Finally, the kudzu capsules con-
taining kudzu extract and calcium carbonate 
were investigated at Hunan provincial center 
for disease control and prevention (CDC, 
Changsha, Hunan Province, China) for safety 
and efficacy.

Materials and methods

Preparation of test extracts

A total of 56 plants were purchased from 
Anqing herbal medicine market (Anhui, China) 
(Table 1). The plant extracts were dissolved in 
either ethanol or water and used as test arti-
cles for in-vivo screening. 17β-estradiol was 
dissolved in ethanol and used as a positive 
control.

Preparation and purification of kudzu extracts 

Kudzu root was comminuted and weighed. The 
pieces were put into a round flask filling less 
than 3/5 of the bottle volume. Eight times the 
amount of the powder material of 70% ethanol 
were added to the flask. The flask was connect-
ed to a condenser, and heated at 80°C, for 3 
hours twice. The liquid extract was filtered by 
filter gauze to get clear liquid which was con-
centrated by rotary evaporator at 50°C to pro-
duce a concentrated extract having a density 
around 1.1-1.2 g/cm3.

The concentrated extract was diluted with 
water to a solid concentration corresponding to 
the extractable content of 0.26-0.28 g of raw 
material per ml of water and a pH value of 5-6. 
This calculated concentration was used for the 
estimation of loading volume of the solution to 
an Ab-8 macroporous adsorption resin column. 
The diluted extract was purified on the AB-8 to 
enrich the active ingredients of the extract fur-
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ther and to get rid of some of the 
impurity substances. The run 
through was discarded, and the 
active ingredients of the extract 
in water solution were retained 
in AB-8 resin column and were 
eluted with 70% ethanol. The 
aqueous solution was absorbed 
by the AB-8 resin at 2 ml/min, 
and then desorbed using 70% 
ethanol at 2 ml/min; the volume 
of 70% ethanol was six times the 
amount of resin. We collected 
the eluted fractions and tested 
for reactivity with 1% FeCl3. 
Fractions changing color from 
yellow to dark green indicating 
anti-oxidant character were col-
lected. The 70% ethanol elution 
was rotary evaporated, and con-
centrated under low pressure at 
50°C to produce a concentrated 
extract which was put into flasks 
or plates, and frozen at -20°C. 
The flasks or plates were subse-
quently put in low-temperature 
vacuum freeze dryer to produce 
a dry powder. The yield of solid 
drug/kg of raw material varied 
from 50 to 200 g between lots.

Standard puerarin (9.9 mg) was 
dissolved in 25 ml of 30% etha-
nol for 3 min, and then ultra-
soundly treated for 20 min at 
40°C. Take out 2.0 ml, 1.0 ml, 
0.5 ml, 0.25 ml, 0.125 ml, 
0.0625 ml of the mixture, fill 
them up to 10 ml with 30% etha-
nol, and ultra-soundly treat for 
20 min at room temperature. 
Ten milligrams of kudzu extract 
was dissolved in 50 ml of 30% 
ethanol, mixed for 3 min, and 
then ultra-soundly treated for 20 
min at 40°C. Filter all the solu-
tion by 0.45 μm organic mem-
branes. Ten microliters of the 
standard and kudzu extract 
were injected to high-perfor-
mance liquid chromatography 
(HPLC, LC-20A, Shimadzu) re- 
spectively. The weight/weight 

Table 1. List of 56 herbal extracts

Plant family Plant species Plant part used 
in screening

Solanaceae Fructus Lycii Fruit
Araliaceae Dlender Acanthopanax Root

Panax Notoginseng Root
Adoxaceae Sambucus Williamsii Hance Rhizome
Umbelliferae Foeniculum Vulgare Mill Seed
Orobanchaceae Desertliving Cistanche Rhizome
Labiatae Rosemary Leaf

Salvia Miltiorrhiza Root
Prunella Vulgaris L Cluster

Berberidaceae Epimediim Leaf
Dipsacaceae Dipsacus Asperoides Root
Convolvulaceae Semen Cuscutae Seed
Eucommiaceae Engler Cortex Eucommiae Cortex
Citrus crosses Australia Citrus Fruit
Polypodiaceae Rhizoma Drynariae Rhizome
Scrophulariaceae Radix Rehmanniae Root
Poaceae Wild Oat Seed
Rutaceae Citrus Medica Fruit

Pericarpium Citri Reticulatae Cortex
Pomelos/Teaka Fruit

Grapefruit Fruit
Tangelo Fruit

Tangerine Fruit
Granulated Sugar Tangerine Fruit

Kumquat Fruit
Lu Citrus Fruit
Ponkan Fruit

Brazil Navel Orange Fruit
Rock Candy Navel Orange Fruit

Chinese Navel Orange Fruit
Newhall Navel Orange Fruit

Amaranthaceae Radix Achyranthis Bidentatae Root
Solanaceae Solanum nigrum L Rhizome 

Solanum Melongena L Root
Polygonaceae Fallopia Multiflora Root
Rosaceae Fructus Mume Fruit

Palmleaf Raspberry Fruit
Prunus persica (L.) Batsch Cortex

Semen Pruni Seed
Chinese Red Plum Fruit

America Plum Fruit
Chinese Black Plum Fruit

Plum Seeds Seed 
Plum Leaves Leaf
Plum Bark Cortex

Dicksoniaceae Cibotium Barometz Rhizome
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yields regarding dry starting material were 
calculated.

Animals 

Female Sprague-Dawley rats (Vitalriver, Beijing, 
China), six months of age, were housed at the 
animal facilities at Nordic Bioscience Beijing 
Ltd. Animals were acclimatized, weighed and 
stratified into groups of seven animals per 
group and mean ± 95% confidence interval 
(95% CI) body weights from 342 ± 19 g to 352 
± 48 g. The rats were housed two by tow in 
standard type III H cages with sawdust bedding 
and nesting material (HFK Bioscience, Beijing, 
China). They were fed ad libitum with a stan-
dard diet (HFK Bioscience, Beijing, China) and 
had access to purified water (Milli-Q system; 
Millipore) ad libitum. Rats were maintained 
under conditions of a 12-hour light/dark cycle.

Sixty female Sprague-Dawley rats (Tianqin 
Biotech, Changsha, China), six months of age, 
were housed at the animal facilities of Hunan 
provincial center for disease control and pre-
vention (CDC). They were fed ad libitum with a 
standard diet (low calcium casein 23.0%, DL- 
methionine 0.3%, corn starch 32.0%, sugar 
30.0%, fiber 5.0%, corn oil 5.0%, mixed mineral 
salts 3.5%, mixed vitamin 1.0%, choline bitar-
trate 0.2%).

Animal study design

The studies were approved by the ethical com-
mittees of Nordic Bioscience Beijing, China and 
Hunan provincial center for disease control and 
prevention, Changsha, China, respectively.

Screening of herbal extracts in OVX rats

The 6-month-old rats were subjected to surgery 
and administered orally once daily for three 

samples were left at room temperature for min-
imum 30 min to clot and then centrifuged at 
1500 g for 10 min and stored at -20°C until 
use. On completion of the treatment period, the 
animals were asphyxiated with carbon dioxide 
(CO2) and killed by exsanguination. The absence 
and presence of ovaries were checked at nec-
ropsy for the OVX and sham-operated animals, 
respectively. The uterus from each rat was iso-
lated and wet weight was measured at the ter-
mination of the study to confirm the success of 
OVX model. The RatLaps ELISA (IDS, UK) mea-
sures collagen type I C-telopeptide degradation 
products (CTX-I) according to the manufactur-
er’s instructions [26]. Cross-linked fragments 
of CTX-II in the serum were measured using the 
Serum Pre-Clinical CartiLaps ELISA (IDS, UK) 
[27, 28]. All samples were measured in dupli-
cate and samples from the same rat were 
included on the same streptavidin-coated 
microtiter plate. 

Investigation of kudzu extract in OVX rats

Six groups with seven 6-month-old female SD 
rats each were subjected to ovariectomy (OVX) 
or sham surgery and treated orally once daily 
for 6 weeks with kudzu or vehicle (V) in the fol-
lowing intervention groups: (1) sham + V; (2) 
OVX + 17β-estradiol; (3) OVX + V; (4) OVX + 1.8 
g/kg/day kudzu; (5) OVX + 0.9 g/kg/day kudzu; 
(6) OVX + 0.45 g/kg/day kudzu. The concentra-
tion of kudzu root used in the animal study was 
decided from previous in-house experiments 
(data not shown). Body weights were recorded 
weekly, and blood samples for biochemical 
marker analysis were collected from fasting 
animals at baseline, three and six weeks. CTX-I 
and CTX-II were measured. Only biomarkers 
data from baseline and three weeks are report-
ed hereafter.

Papilionaceae Black Soybean Seed
Fabaceae Root of Lobed Kudzu vine Root

Flos Sophora Immaturus Flower
Trifolium Repens Linn Leaf

Fructus Psoraleae Seed
Leguminosae sp. Astragalus Complanatus Root

Radix Astragali Root
Aristolochiaceae Solanum Lyratum Thunb Rhizome
Magnoliopsida Chinese Green Plum Fruit
Agavaceae Rhizoma Anemarrhenae Rhizome

weeks post-surgery with 56 
herbal extract articles. The body 
weight of each animal was 
recorded once a week and quan-
tity of items adjusted weekly 
according to new weight record-
ings. Blood samples for bio-
chemical marker analysis were 
collected from fasting animals 
at baseline, and after three 
weeks. The blood sample was 
gathered in the morning hours 
throughout the study. The blood 
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BMD improvement study of kudzu capsules in 
OVX rats

Rats were subjected to ovariectomy after anes-
thesia by intraperitoneally injecting 30 mg/kg/
day of sodium pentobarbital. They were divided 
into six groups and administered by gavage 
once daily with 0.633 g/kg/day CaCO3, deion-
ized water, 0.315, 0.630, and 1.890 g/kg/day 
kudzu capsule for 90 days. The calcium con-
tent in CaCO3 is equivalent to the amount in 
high-dose kudzu capsule. The kudzu dosages 
are equivalent to 5, 10, 30 times as much as 
the recommended doses in human respective-
ly. Since the start of the test, each group of ani-
mals was caged, fed with formula feed. The 
weights were recorded weekly. The rats were 

The overview of 56 herbal extracts was sum-
marized in Table 1. All the herbs/roots extracts 
were screened to determine their ability to pre-
vent bone loss and cartilage degradation in 
OVX rats, and only wild kudzu showed consis-
tently superior joint protective effects (data not 
shown).

Quantification of puerarin in kudzu root extract 

The retention time of puerarin in kudzu extract 
was determined as 11.03 minutes, which is fol-
lowing the theoretical value of standard puera-
rin (Figure 1A, 1C). The calibration curve was 
established by plotting the peak area against 
the concentration of standard puerarin (Figure 
1B). The concentration of puerarin in kudzu 

Figure 1. High-performance liquid chromatography (HPLC) analysis of puera-
rin in kudzu extract. A: The HPLC graph of standard puerarin; B: Calibration 
curve of standard puerarin; C: The HPLC graph of puerarin in kudzu extract. 
HPLC parameters: C18 shim-pack VP-ODS (150 L × 4.6 8,052,494); mobile 
phase: methanol-water (25:75); column temperature: 40°C; flow velocity: 
0.8 ml/min; detection wavelength: 250 nm.

sacrificed by cervical disloca-
tion at the end of the experi-
ment, and stripped of the 
right femur, baked to constant 
weight. Bone mineral density 
was measured at the mid-
point of the femur and distal 
bone using SD-1000C Bone 
mineral measuring instru-
ment (Beijing Research Ins- 
titute of Uranium Geology). 
Bone calcium content was 
measured using atomic ab- 
sorption spectrophotometer 
(GBC Avanta M) (flames me- 
thod).

Statistical analysis

The statistical analysis for the 
different group comparisons 
was performed with GraphPad 
Prism statistic software (ver-
sion 6.04). Statistical analy-
ses were performed using 
two-way ANOVA analysis with 
Dunnett’s post-test. Differe- 
nces between mean values 
were considered as statisti-
cally significant if P<0.05. 
Expression data are shown as 
mean with standard error of 
the mean (S.E.M.).

Results

Screening of herbal extracts
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extract was interpolated accordingly (Figure 
1B, 1C). The puerarin concentration and yield 
are summarized in Table 2, indicating that the 
mean puerarin yield was 148.1 ± 1.380 g/kg 
kudzu extract (i.e. 14.8%).

Quantification of puerarin in kudzu capsule 

Kudzu capsules containing kudzu extract, cal-
cium carbonate were characterized by Hunan 

ed serum CTX-I (P<0.001, Figure 3) 3 weeks 
after treatment similarly.

Articular cartilage degradation 

Serum CTX-II levels were determined as a bio-
chemical parameter of cartilage degradation 
and measured at the baseline just before OVX 
operation (0 weeks) and three weeks after OVX 
operation. Three different batches of kudzu 

Table 2. Puerarin yield of kudzu extract (batch no.: C11)

Test nr. Peak area Puerarin concentration 
(µg/ml)

Puerarin yield  
(g/kg kudzu extract)

Mean puerarin yield  
(g/kg ± SEM)

1 2444504 31.51 147.8 148.1 ± 1.380 (14.8%)
2 2431259 31.34 147.0
3 2446196 31.53 147.9
4 2415641 31.14 146.1
5 2471267 31.85 149.4
6 2483781 32.01 150.2
Y = C × V × 1000/(M × 1000 × 1000). Y: puerarin yield, unit: g/kg kudzu extract. C: puerarin concentration determined by high 
performance liquid chromatography (HPLC), unit: μg/mL. V: sample volume, unit: mL. M: sample mass, unit: g.

Table 3. Puerarin and calcium content in three batches of kudzu 
capsule

Batch 1 
(20130125)

Batch 2 
(20130126)

Batch 3 
(20130127) Mean ± SEM

Puerarin (g/100 g) 6.32 6.28 6.33 6.31 ± 0.03
Calcium (g/100 g) 13.3 13.4 13.3 13.3 ± 0.06

Provincial CDC. Three differ-
ent lots (20130125, 2013- 
0126, and 20130127) sh- 
owed puerarin yield (6.31 ± 
0.03 g/100 g capsule) and 
calcium content (13.3 ± 0.06 
g/100 g capsule) consistent-
ly (Table 3).

Bone loss

Serum CTX-I levels were 
determined as a biochemical 
parameter of bone resorp-
tion and measured at the 
baseline just before OVX 
operation (0 weeks) and th- 
ree weeks after OVX opera-
tion. Three different batches 
of kudzu extracts (A11, B11, 
C11) demonstrated the con-
sistent effect on bone loss 
(Figure 2). Ovariectomy resu- 
lted in a marked increase in 
serum levels of CTX-I (P< 
0.0001, Figure 3), which co- 
uld be effectively reversed  
by 17β-estradiol supplemen-
tation (P<0.0001, Figure 3). 
Treatment with the highest 
dosage of kudzu counteract-

Figure 2. Bone turnover in ovariectomized (OVX) rats treated with vehicle alone 
(OVX + vehicle), estrogen (OVX + estrogen), or different batches of kudzu ex-
tract, given in a high dose (1.5 g/kg. per day). Bone resorption was determined 
by measurement of matrix metalloproteinase (MMP)-mediated collagen type 
I fragments (CTX-I). Values for vehicle-treated sham-operated rats (Sham) are 
also included. The dried extract was re-dissolved in water at a concentration 
of 120 mg/ml and given to rat daily by gavage. Measurements were made 
at the weekly intervals shown. Data are mean ± standard error of the mean 
(SEM) of 10 replicate rats. Two-way ANOVA was used to compare each bar with 
the vehicle. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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extracts (A11, B11, C11) demonstrated the 
consistent effect on cartilage degradation 
(Figure 4). OVX induced estrogen deficiency 
results in significantly increased levels of CTX-II 
at week three after ovariectomy compared to 
sham group (P<0.0001, Figure 5). The estro-
gen treatment was able to completely normal-

femoral telocentric end (P<0.05, Figure 8) and 
calcium content (P<0.05, data not shown) in 
comparison to those from vehicle group. 
However, CaCO3 had impact neither on BMD 
nor calcium content, indicating kudzu has the 
effect of increasing bone mineral density and 
calcium content in rats.

Figure 3. Bone turnover in ovariectomized (OVX) rats treated with vehicle 
alone (OVX vehicle), estrogen (OVX estrogen), or kudzu extract, given in a 
low dose (0.45 g/kg. per day), mid dose (0.9 g/kg. per day) and a high dose 
(1.8 g/kg. per day). Bone resorption was determined by measurement of 
MMP-mediated collagen type I fragments (CTX-I). Values for vehicle-treated 
sham-operated rats (Sham) are also included. The dried extract was re-dis-
solved in water at a concentration of 120 mg/ml and given to rat daily by 
gavage. Measurements were made at the weekly intervals shown. Data are 
mean ± standard error of the mean (SEM) of seven replicate rats. Two-way 
ANOVA was used to compare each bar with the vehicle. *P<0.05, **P<0.01, 
***P<0.001, ****P<0.0001.

Figure 4. Cartilage turnover in ovariectomized (OVX) rats treated with vehicle 
alone (OVX + vehicle), estrogen (OVX + estrogen), or different batches of 
kudzu extract, given in a high dose (1.5 g/kg. per day). Cartilage degradation 
was assessed using MMP-mediated collagen type II fragments (CTX-II) as a 
marker. Values for vehicle-treated sham-operated rats (Sham) are also in-
cluded. The dried extract was re-dissolved in water at a concentration of 120 
mg/ml and given to rat daily by gavage. Measurements were made at the 
weekly intervals shown. Data are mean ± standard error of the mean (SEM) 
of 10 replicate rats. Two-way ANOVA was used to compare each bar with the 
vehicle. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

ize CTX-II levels in the OVX 
rats (P<0.0001, Figure 5). 
The kudzu extract showed a 
significant effect on the re- 
duction of the cartilage de- 
gradation product of CTX-II 
(P<0.0001, Figure 5) no mat-
ter what dose of kudzu was 
administered. 

Body weight and uterus 
weight

Ovariectomy induced signifi-
cant weight gain in the ani-
mals, reaching 7.1% in the 
OVX + vehicle group at week 
six after ovariectomy, in accor-
dance with the established 
effects of deprivation of en- 
dogenous estrogen produc-
tion. The corresponding ch- 
anges in the OVX + estrogen-
treated group and the OVX 
and kudzu extract treated 
group was -4.1%, -12.4%, 
-10.7%, and -7.4% respective-
ly, which differ from the OVX + 
vehicle control group (Figure 
6). The uterus from each rat 
was isolated and wet weight 
was measured at the termina-
tion of the study, confirming 
that the OVX model was suc-
cessfully set up, and estro-
gen, as well as a high dose of 
kudzu, can encounter the 
effect of OVX on uterus weight 
(Figure 7).

Bone mineral density (BMD) 
and calcium content

The maximum dosage of 
kudzu capsules (1.890 g/kg/
day) group and the sham 
group had significantly higher 
BMD of center femoral and 
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Discussion

In the present study, OVX induced estrogen 
deficiency resulted in significantly higher levels 
of MMP-mediated collagen type I and type II 
fragments, CTX-I, and CTX-II, after ovariectomy 
when compared to the sham group. This obser-
vation was in agreement with the expected 
increase in bone turnover induced by ovariec-
tomy [14, 27]. The estrogen implants were able 
to normalize CTX-I and CTX-II levels in the OVX 
rats completely. The kudzu extract increased 

To our knowledge, this is the first time that 
kudzu extract demonstrates the chondropro-
tective effect. It is reported that puerarin may 
block nuclear factor-kappa B (NF-κB) and tumor 
necrosis factor-alpha (TNF-α) pathways in hu- 
man [31]. Our laboratory previously discovered 
that proinflammatory cytokines (e.g. TNF and 
Oncostatin M) could induce the expression of 
MMPs (see Figure S2). The up-regulation of 
MMPs could be attenuated by TNF pathway 
inhibitor histologically and biochemically (see 
Figures S3, S4) [32]. In other words, low CTX-II 

Figure 5. Cartilage turnover in ovariectomized (OVX) rats treated with vehicle 
alone (OVX + vehicle), estrogen (OVX + estrogen), or kudzu extract, given in a 
low dose (0.45 g/kg. per day), mid dose (0.9 g/kg. per day) and a high dose 
(1.8 g/kg. per day). Values for vehicle-treated sham-operated rats (Sham) 
are also included. The dried extract was re-dissolved in water at a concentra-
tion of 120 mg/ml and given to rat daily by gavage. Cartilage degradation 
was assessed using MMP-mediated collagen type II fragments (CTX-II) as a 
marker. Measurements were made at the weekly intervals shown. Data are 
mean ± standard error of the mean (SEM) of seven replicate rats. Two-way 
ANOVA was used to compare each bar with the vehicle. *P<0.05, **P<0.01, 
***P<0.001, ****P<0.0001.

Figure 6. Body weight in ovariectomized (OVX) rats treated with vehicle alone 
(OVX + vehicle), estrogen (OVX + estrogen), or kudzu extract, given in a low 
dose (0.45 g/kg. per day), mid dose (0.9 g/kg. per day) and a high dose 
(1.8 g/kg. per day). Values for vehicle-treated sham-operated rats (Sham) 
are also included. Measurements were made at the weekly intervals shown. 
Data are mean ± standard error of the mean (SEM) of seven replicate rats.

bone mineral density [12] and 
demonstrated significant ef- 
fects on the reduction of bone 
resorption [29, 30], which is 
in line with the current litera-
ture. Surprisingly, it also sup-
pressed the cartilage degra-
dation (CTX-II) in the OVX rats 
at week 3. Our laboratory pre-
viously demonstrated a strong 
link between CTX-II values 
and articular cartilage degra-
dation in the ovariectomiz- 
ed rat (see Figure S1, Table 
S1) [14, 27]. In this rodent 
model where ovariectomy 
induced an aggressive des- 
truction of joint cartilage as 
assessed by histological ero-
sion scores and circulating 
CTX-II was dramatically ele-
vated simultaneously. Both 
erosion scores and CTX-II 
were significantly reduced if 
exogenous estrogen was ad- 
ministered. Our colleagues 
also observed that two types 
of SERMs (i.e. levormeloxi-
fene, and cis-3,4-diaryl-hyd- 
roxychromanes) suppressed 
the elevated cartilage turn-
over (CTX-II) in ovariectomized 
rats [14, 27]. Therefore, we 
suggest that the reduction of 
CTX-II in OVX + kudzu rats (ku- 
dzu is also a type of SERMs) 
reflects prevention of destruc-
tion of joint cartilage com-
pared to the OVX + vehicle 
rats with minimal reduction in 
CTX-II levels.
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level represents a down-regulated expression 
of MMPs. Therefore, we retrospectively specu-
late that the decreased MMP-degraded frag-
ments, CTX-II, in kudzu-treated rats were due to 
the suppression of proinflammatory cytokines 
by kudzu [33]. The observed suppression of cir-
culating levels of CTX-II fragments observed in 
the ovariectomized rats upon treatment with 
the kudzu extract is a reflection of reduced deg-
radation of cartilage, and that this regaining of 
metabolic cartilage balance in an otherwise 
healthy animal, is unrelated to the relief of any 
other disease stage or state. Importantly, at the 
end of the study, animals that received estro-
gen and kudzu therapy had apparent lower 
body weights compared with ovariectomized 
animals, prompting us to address the potential 
relief effect on weight wearing area of joint in 
OA patients with high body mass index (BMI). 
Although significantly reduction of BMI has 
been observed in obese human by Pueraria 
thomsonii flower extract [34], Pueraria Lobatae 

studies are needed to investigate the potential 
effects of kudzu extract in postmenopausal 
women.

In summary, we provided experimental evi-
dence that kudzu can confer chondro-protec-
tive effects, as indicated by protection against 
bone and type II collagen loss in ovariectomized 
rats. Furthermore, kudzu has demonstrated 
positive effects on metabolic health (cause a 
weight reduction), and may, therefore, repre-
sent a possible treatment opportunity for OP 
and subchondral bone turnover-driven OA, with 
an unhealthy phenotype (e.g. high BMI). 
Therefore, kudzu may be promising for OP and 
OA treatment that could affect both articular 
cartilage and subchondral bone. Additionally, 
we confirmed that ovariectomized rats could be 
used as an experimental model for the testing 
of the chondro-protective effect of novel drug 
candidates. 

Figure 7. Uterus weights in ovariectomized (OVX) rats treated with vehicle 
alone (OVX + vehicle), estrogen (OVX + estrogen), or kudzu extract, given in 
a high dose (1.8 g/kg. per day). Values for vehicle-treated sham-operated 
rats (Sham) are also included. Data are mean ± standard error of the mean 
(SEM) of seven replicate rats. Two-way ANOVA was used to compare each 
bar with OVX + vehicle. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

Figure 8. Femoral bone mineral densities in ovariectomized (OVX) rats treat-
ed with vehicle alone (OVX + vehicle), CaCO3 (OVX + CaCO3), or kudzu extract, 
given in a low dose (0.315 g/kg. per day), mid dose (0.630 g/kg. per day) and 
a high dose (1.890 g/kg. per day). Values for vehicle-treated sham-operated 
rats (Sham) are also included. Femoral bone mineral densities were deter-
mined at the end of the 90-day experimental period. Data are mean ± stan-
dard error of the mean (SEM). *P<0.05 vs. OVX + vehicle.

(kudzu root) has not been 
reported to have an impact on 
BMI yet.

Moreover, kudzu extract was 
proved non-toxic in acute oral 
toxicity test and negative in 
genetic toxicity tests including 
Ames test, mouse bone mar-
row polychromatic erythro-
cyte micronucleus test, and 
mice sperm abnormality test. 
Kudzu had no apparent side 
effects on stimulating repro-
ductive organs after 30 days 
feeding in newborn rats (data 
not shown).

Collectively, these observa-
tions clearly demonstrate that 
kudzu exerts direct effects on 
articular cartilage in the OVX 
rat and can effectively pre-
vent the acceleration of carti-
lage degradation induced by 
ovariectomy. However, the 
mechanism by which kudzu 
exerts its effects is still incom-
pletely understood. We pro-
pose the estrogen receptors 
in chondrocytes are involved 
in the action of kudzu. Further 
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Figure S1. Association between cartilage erosion and C-telopeptide fragments of collagen type II (CTX-II). Animals 
from the cohort of the estrogen-SERM (selective estrogen-receptor modulator) intervention experiment were strati-
fied into quartiles of the 4-week change in CTX-II. The range of ∆CTX-II in each quartile was as follows. Q1: -78.8% to 
-39.5%; Q2: -36.8% to -6.0%; Q3: -5.8% to 40.1%; Q4: 41.0% to 256.4%. Average erosion score for the medial femur 
as well as the total score for all four compartments of the knee is shown for each quartile. Error bars represent SEM. 
P = 0.001 by nonparametric ANOVA. (Adapted from Christgau S et al. [1]).

Table S1. Correlations between histologically assessed cartilage erosion scores and markers of bone 
(CTX-I) and cartilage (CTX-II) turnover in the knees of female Sprague-Dawley rats. (Adapted from 
PernilleHøegh-Andersen et al. [2])

Changes in CTX-I Changes in CTX-II

Cohorta (treatment) Age at start 
(months) From weeks 0-4 At week 4 From weeks 0-4 At week 4

A (OVX or shamb) (n=18) 5
    Cartilage erosion: Total 0.10 0.15 0.50 0.27

Medial femur 0.47 -0.02 0.64* 0.51*
B (OVX or sham) (n=17) 7
    Cartilage erosion: Total 0.24 0.25 0.74** 0.54*

Medial femur 0.24 0.41 0.70** 0.63**
C (OVX + intervention or sham) (n=56) 5
    Cartilage erosion: Total 0.40** 0.34* 0.50*** 0.43**

Medial femur 0.35* 0.33* 0.37** 0.45**
Values are Spearman’s rho. aCohorts: C, intervention with either estrogen or SERM. bSham operation. *P<0.05, **P<0.01, 
***P<0.001. CTX-I, collagen type I fragments; CTX-II, collagen type II fragments.
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Figure S2. Expression of pro- and active MMP-9 and -2. Conditioned medium from bovine articular cartilage ex-
plants stimulated with the cytokines OSM + TNF-α (O + T) and co-cultured with the SB-202190 inhibitor of MAPK 
P38, was investigated by gelatinase zymography. MI, metabolic inactivated cartilage. (Adapted from Bodil C. Son-
dergaard et al. [3]).

Figure S3. Histology and immunohistochemistry. Articular cartilage was cultured with catabolic cytokines OSM + 
TNF-α for 3 weeks to investigate the effect of MAPK P38-inhibition, by three doses of SB-202190. In order to visual-
ize the retained proteoglycans in the cultured cartilage, the formaldehyde fixed, paraffin embedded and sectioned 
slides were stained with Alcian blue. Other sections were used for immunolocalization by the CTX-II antibody, which 
recognizes the CTX-II neoepitopes in cleaved collagen type II molecules and is visualized in the panel by the brown 
color. 20X magnification. (Adapted from Bodil C. Sondergaard et al. [3]).
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Figure S4. The effect of P38-inhibition on the degradation of collagen type II (CTX-II). Bovine articular cartilage 
explants were cultured in the presence of cytokines OSM + TNF (O + T) and P38 inhibitors (SB-202190). The CTX-II 
level in the conditioned medium from day 21 was dose-dependently inhibited by SB-202190. All bars represent the 
mean value of six replicates and were adjusted for the weight of the individual cartilage explants, presented with 
the standard error of the mean (S.E.M.). The asterisks represent the level of statistically significant difference from 
the O + T treatment, ***P<0.001. (Adapted from Bodil C. Sondergaard et al. [3]).
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