Int. J. Mol. Sci. 2009, 10, 292-305; doi:10.3390/ijms10010292
OPEN ACCESS

International Journal of

Molecular Sciences
ISSN 1422-0067
www.mdpi.com/journal/ijms/
Article

Determination of Mineral Content in Methanolic Safflower
(Carthamus tinctorius L.) Seed Extract and Its Effect on
Osteoblast Markers
Young Seok Lee 1,†, Chang Won Choi 1,†, Jae Jin Kim 1, Andy Ganapathi 1, 2, Rajangam
Udayakumar 1 and Sei Chang Kim 1,*
1

2

Department of Biology & Medicinal Science, Pai Chai University, Daejeon 302-735, Korea.
E-Mails: lysbone@empal.com (Y. L.); choicw@pcu.ac.kr (C. C.); jaejkim@pcu.ac.kr (J. K.);
udayabiochem@yahoo.co.in (R. U.)
Department of Biotechnology, Bharathidasan University, Tiruchirapalli 620024, Tamilnadu, India.
E-Mail: aganapathi2003@rediffmail.com

† These authors contributed equally to this study
* Author to whom correspondence should be addressed; E -Mail: kimsc@pcu.ac.kr;
Tel. +82-42-520-5383; Fax: +82-42-520-5380
Received: 31 August 2008; in revised form: 30 December 2008 / Accepted: 4 January 2009 /
Published: 12 January 2009

Abstract: Safflower (Carthamus tinctorius L.) seeds are used as a folk medicine to
enhance bone formation or to prevent osteoporosis in Korea. Therefore, the methanolic
extract of safflower seeds (MESS) containing high mineral content, such as calcium (Ca),
potassium (K) and phosphorous (P), was evaluated for the role on osteoblast (Ob)
markers of Sprague-Dawley rats. In serum of 3 to 11 weeks (wks) old rats, both
osteocalcin (OC) content and bone-specific alkaline phosphatase (B-ALP) activity
increased to their maximum levels in 4-7 wks. Hence, 3 wks old rats were selected for 8
wks oral treatment of MESS, resulted in the significant increase of Ob markers in serum
such as OC content (4-8 wks), B-ALP activity (1-2 wks) and insulin-like growth factor I
(IGF-I) level (1 wk), and the growth parameter such as the length of femur (2-8 wks) and
tibia (4 wks). On the basis of Pearson’s correlation coefficient, there were a moderate
correlation between OC and B-ALP at 8 wks, a low correlation between OC and IGF-I at

Int. J. Mol. Sci. 2009, 10

293

1, 4 and 8 wks, a moderate correlation between OC and femur length at 1, 2 and 8 wks,
and a moderate correlations between OC and tibia length at 1 and 8 wks of MESS-treated
groups. The result reveals that the changes of OC correlated at low to moderate level with
the changes of B-ALP activity, IGF-I content and femur and tibia length in the MESStreatment period. On the other hand, there were a strong correlation between IGF-I and
femur length at 2 wks and moderate correlation between IGF-I and tibia length at 1, 2 and
8 wks of MESS-treated groups. Therefore, the effect of MESS on bone formation likely
appears to be mediated by IGF-I at the early stage of treatment.
Keywords: Safflower (Carthamus tinctorius L.) seeds, methanolic extract, osteoblast
activities, osteocalcin, bone-specific alkaline phosphates, IGF-I.

1. Introduction
Osteoblast (Ob) plays a critical role in bone formation through the proliferation and differentiation
[1]. The latter is referred as obvious bone rigidity and strength with some degree of elasticity. Ob is the
bone-forming cells responsible for the production of the bone matrix constituents, mainly type I
collagen which becomes mineralized by deposition of Ca and non-collagenous protein. About 1% of
the matrix is made up of osteocalcin (OC). OC plays a role in Ca binding and stabilization of
hydroxyapatite in the matrix and/or regulation of bone formation [2]. Serum OC levels are higher in
individuals undergoing rapid bone loss and lower in those with reduced bone turnover [3]. Bonespecific alkaline phosphatase (B-ALP) is a non-collagenous protein secreted by Ob, which is essential
for bone mineralization [2]. Increased B-ALP levels in serum has been observed in conditions such as
postmenopause, ovariectomy and osteoporosis in women [4], rapid bone loss [5] and fracture risk [6,
7]. OC and B-ALP levels in humans are relatively high during growth but lower after skeletal growth
has brought to an end. Both levels also remain low in premenopausal women and middle-aged men,
and then increase in older individuals including elderly men and post-menopausal women [8].
Serum insulin-like growth factor I (IGF-I) - a predominant growth factor produced by Ob is a
determinant of bone size and mass in postnatal life [9]. IGF-I mediates the stimulatory effect of growth
hormone (GH) on longitudinal bone growth [10] and also required for the anabolic actions of
parathyroid hormone on bone [11]. Earlier studies demonstrated that animal dietary supplementation
with dried plum, a rich source of phenolic and flavonoid compounds prevents the detrimental effects of
ovarian hormone deficiency on bone density and trabecular structure [12] and reversed bone loss in the
same model [13]. It has been suggested that the protection in ovarian hormone deficiency appears to be
resulted from enhanced bone formation mediated through IGF-I [14]. In addition, the dried plum
prevents osteopenia in androgen deficient male rats, and these improvements may be partly due to
decrease in osteoclastogenesis via stimulation of bone formation mediated by IGF-I [15].
Safflower (Carthamus tinctorius L.) is a member of the family Compositae or Asteraceae. Its seeds
contain a natural pigment known as carthamin derived from precarthamine by enzymatic reaction [16].
Traditionally, safflower has been used for purgative and alexipharmic effects, as well as in a medicinal
oil to promote sweating and cure fevers in the Middle East, India and Africa [17]. In China, it is
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widely used in the treatment of many disorders and diseases including menstrual problems,
cardiovascular disease, pain and swelling associated with trauma [18], chronic and atrophic gastritis
[19], ankyloenteron [20], rheumatism [21], and chronic nephritis [22]. Especially, it has been used
mainly for the treatment of cardiovascular disease because it invigorates the circulation and reduces
blood cholesterol levels [18]. In Korea, the safflower seed extracts have traditionally been used for the
treatment of blood stasis, the promotion of bone formation and the prevention of osteoporosis [23].
Safflower seeds might also have a potentiality to use as a drug for bone regeneration [24], Ob
mineralization [25] and regeneration of periodontal defect [26]. In addition, safflower seeds have a
protecting effect on bone loss caused by estrogen deficiency without substantial effect on the uterus
[27]. A Korean herbal formulation, Gami-Honghwain, is comprised of crude ingredients from
safflower seeds and hominis placenta. The Gami-Honghwain inhibited the elevated production of IL1β which is implicated in the osteoporosis [28] and stimulation of the proliferation, differentiation and
mineralization of osteoblastic MC3T3-E1 cells [29].
There are reports about chemical components of the safflower. Its leaves contain eight flavonoids,
some of which showed potent antioxidant activities [30]. Its seeds also contain numerous polyphenolic
compounds such as lignans, glucosides, flavonoids and serotonins. The chemical structures and
antioxidant properties of these compounds have been characterized [31]. These compounds, termed
phytoestrogens, are known to have weak estrogenic or antiestrogenic activity towards mammals [32].
However, no information is available on mineral content of safflower seeds. The aim of present study
was to determine the mineral content in methanolic extract of safflower seeds (MESS) and examine its
biological effects on rats’ Ob cells by the analysis of biochemical and morphological parameters. It
will also provide the scientific basis for the usage of safflower seeds in the treatment of bone formation
related with health.
2. Results and Discussion
2.1. Comparison of mineral content between aqueous and methanolic safflower seed extracts
Bone is a connective tissue mainly composed of organic and inorganic materials like collagen and
the inorganic mineral hydroxyapatite, both of which combine to allow bone to be flexible and strong.
The organic components include cells, as well as fibers which are similar to those that make up other
connective tissues such as cartilage, while the inorganic minerals constitute predominantly Ca, P,
CO32- and minor ingredients [33]. To determine the mineral content in safflower seeds, we used highthroughput ICP-MS, and this approach included the quantification of ten elements. In the aqueous
extract from safflower seeds, there are K (2.306 μg/g), P (1.043 μg/g), Mg (0.474 μg/g), Al (0.175
μg/g), Fe (0.100 μg/g), Ca (0.075 μg/g), Zn (0.070 μg/g), Na (0.066 μg/g), Cu (0.055 μg/g) and Sr
(0.022 μg/g). In the MESS, there are Ca (3.752 μg/g), K (1.313 μg/g), P (1.161 μg/g), Na (0.177 μg/g),
Fe (0.170 μg/g), Zn (0.042 μg/g), Mg (0.023 μg/g), Al (0.019 μg/g), Cu (0.015 μg/g) and Sr (0.002
μg/g). It is observed that Ca, K and P are orderly high in methanolic extract, while K, P and Mg are
orderly high in aqueous extract (Table 1).
Ca is necessary for many processes in the body, including contraction of muscles, nerve function,
blood coagulation, and cell division. Only 1% of the Ca in the body is available in circulation for these
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functions, while the remaining 99% is housed in the bones. Osteoclast breaks down bone and converts
the Ca salts into a soluble form which is easily circulated in the blood. Eventually, Ca salts are
deposited on the surface of the bone matrix. If enough Ca is not available, bones cannot be properly
mineralized [34]. K salts may benefit bone health by providing an anion that can be metabolized
completely to carbon dioxide, or influence Ca excretion directly [35]. In addition, dietary K intake
may exert a modest influence on markers of bone health, which over a lifetime may contribute to a
reduced risk of osteoporosis [36]. Bone stores most P within the body to mineralize its matrix and
serve as a mineral source. Inorganic phosphate plays a critical role in the maintenance of mineralized
tissues and signaling in the intracellular environment [37]. In the present investigation, the MESS was
selected for further analysis because it has high Ca, K and P contents.
Table 1. Mineral contents of extracts from Carthamus tinctorius.
Elements

Contents (μg/g)
W1)

M2)

Al

0.175

0.019

Ca

0.075

3.752

Cu

0.055

0.015

Fe

0.100

0.170

K

2.306

1.313

Mg

0.474

0.023

Na

0.066

0.177

P

1.043

1.161

Sr

0.002

0.002

Zn

0.070

0.042

1)

W = Distilled water extract of Carthamus tinctorius.
M2) = Methanol extract of Carthamus tinctorius.
2.2. Dependence of OC content and B-ALP activity on aging of rats
Although the precise function of OC and B-ALP are not clear, they are known as serum markers
reflecting Ob activities including bone formation and turnover [38, 39]. Ob markers associated with
aging, like OC content and B-ALP activity in serum of rats aged from 3 to 11 weeks (wks) were
analyzed. Figure 1 illustrates the relationship between age and OC or B-ALP in rats. The serum OC
content (ng/mL) of rats aged 3, 4, 5, 6, 7, 8 and 11 wks old were 88.85±3.54, 91.45±2.06, 85.27±3.41,
95.40±2.79, 101.97±3.13, 97.88±3.69 and 66.80±1.96. The B-ALP activities (IU/l) in rats aged 3, 4, 5,
6, 7, 8 and 11 wks old were 412.83±42.81, 590.88±30.97, 490.44±44.88, 575.82±16.62, 712.92±59.62,
440.33±51.39 and 221.0±16.57. The results showed the normal variation in OC and B-ALP levels of
rats and also revealed the age influence on this variation. OC and B-ALP levels in serum of rats are
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positively correlated with each other, and both markers appeared as bimodal pattern. The 1st peak was
observed at 4 wks old and the 2nd peak was at 7 wks of age. After this time, there was a steep drop in
serum B-ALP activity from 7 to 11 wks and its reduction rate was approximately 67%. However, there
was a slight decline in serum OC content from 7 to 11 wks of age and its reduction rate was
approximately 30%. This tendency is consistent with previous reports in that the rats showed the
highest B-ALP activity from 5 to 7 wks old [40] and the rapid decrease of B-ALP activity from 8 to 12
wks old [41].

Serum osteocalcin (ng / ml)

Figure 1. Changes of osteocalcin content (upper panel) and bone-specific alkaline
phosphatase activity (lower panel) in serum of Sprague-Dawley rats by age groups. Mean
of measurement values indicated on the line.
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2.3. Effects of methanolic safflower seed extracts on OC contents and B-ALP activities
Compared with control rats, there were no significant differences in the increase of OC content of
rats at 1 (4 wks old) and 2 (5 wks old) wks after oral treatment with MESS. However, there were
significant differences (P < 0.05) at 4 (7 wks old) and 8 (11 wks old) wks after MESS treatment by the
increase of 10.2% and 8.1%, respectively (Figure 2). Rats at 4 wks after MESS treatment showed the
highest OC contents. These results suggest that the treatment with MESS induce rats’ Ob cells, thereby
increase the secretion of OC from 4 to 8 wks after oral administration.
Figure 2. Concentration of osteocalcin and bone-specific alkaline phosphatase in serum
after oral administration of Carthamus tinctorius extract.
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Values are mean ± S.E. *Statistically significant difference between experimental and control
group by Student's t-test at 0.05. C: control group and T: administration of Carthamus tinctorius
was started at age of 3 wks old.

On the other hand, there were significant differences (P < 0.05) in B-ALP activity of rats
administered orally with MESS at 1 (24.5%) and 2 (36.8%) wks but no significant differences at 4 and
8 wks after MESS treatment (Figure 2). The maximum B-ALP activity of rats treated with MESS
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appeared at 1 wk and the maximum percentage of increase appeared at 2 wks, while the peak activity
of control rats appeared at 4 wks. Similarly, it has been reported that phenolic glycosides isolated from
MESS increase the ALP activity of human Ob-like cells [42]. B-ALP is known as a biomarker for Ob
differentiation and its upregulation occurs at the middle stage of differentiation [43]. In the present
study, MESS stimulates Ob to synthesize of B-ALP at the early stage of treatment. However, we
observed a low correlation between OC and B-ALP of MESS-treated groups at 1, 2 and 4 wks (r =
0.1054, r = 0.3015 and r = –0.3973, respectively) and a moderate correlation at 8 wks (r = –0.5955).
2.4. Effect of methanolic safflower seeds extract on serum IGF-I levels and long bone growth
Serum IGF-I levels in both control and MESS-treated rats increased with age and reached the
highest level at 4 wks during the experimental period. A significant increase of IGF-I level (7.52%)
was observed at 1 wk after MESS treatment, and IGF-I was slightly higher in MESS-treated rats than
in control throughout the experimental period (Figure 3). In earlier studies, IGF-I increased the number
and proliferation of Ob cells, stimulated bone formation, maintained bone mass, and acted as a local
proliferation and maturation factor for chondrocytes in the growth plate, which is essential for
longitudinal bone growth [44]. IGF-I is abundant in liver and hepatic synthesis of IGF-I could account
for the known turnover of this peptide in the circulation [45]. Biochemical markers of bone formation
and bone resorption correlated with circulating GH and IGF-I levels, suggesting that GH and liverderived IGF-I may have direct effects on Ob cell in modulating turnover [46]. Recently, the role of
liver-derived IGF-I have been questioned in relation to effects on bone metabolism [47, 48]. The
concentration of free IGF-I and -II in normal human serum is less than 0.5% of the total concentration
of the IGF [49]. Despite the fact that this component is crucial in the feedback regulation of pituitary
GH secretion and endocrine action of IGF-I on target tissues [50].
To determine MESS effect on the bone length, we measured the length of rats’ femurs and tibias at
1-8 wks after treatment. There were significant increases (P < 0.05) in femur length at 2 (3.04%), 4
(5.40%) and 8 (4.28%) wks after MESS administration (Figure 3). We observed a strong correlation
between IGF-I and femur length of MESS-treated groups at 2 wks (r = 0.7005). However, there was a
low correlation at 1 wk (r = 0.2852) and no correlation at 4 and 8 wks (r = 0.0031 and r = 0.0980,
respectively). In addition, there was a significant increase (P < 0.05) in tibia length at 4 (4.07%) wks
after MESS administration (Figure 3) but a low correlation between IGF-I and tibia length at 4 wks (r
= 0. 1955). On the contrary, there was no significant increase in tibia length at 1, 2 and 8 wks after
MESS administration but a moderate correlation between IGF-I and tibia length at 1, 2 and 8 wks (r =
–0.6014, r = –0.5045 and r = 0.5000, respectively). In earlier studies, there is a positive correlation
between serum IGF-I levels and bone mass in mice and humans [51, 52] and also bone mineral
content, bone mineral density and femur length [9]. During the active bone growth period (3 to 11
wks), rats fed with MESS showed the elongation of the femur and tibia, which represents an effect on
bone modeling (affects size and shape of whole bone and occurs of long time period, for example
skeletal maturity about 18 years in human) but not bone remodeling. Therefore, the present study
indicates that the effect of MESS on bone formation likely appears to be mediated by IGF-I at the
early stage of treatment.
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Figure 3. Concentration of IGF-I in serum and length of femur after oral administration of
Carthamus tinctorius extract.
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Moreover, during this period of time (bone modeling) Ob markers are expected to be increased, but
we observed a low correlation between OC and IGF-I of MESS-treated groups at 1, 4 and 8 wks (r =
0.2059, 0.2043 and 0.1005, respectively) but not at 2 wks (r = – 0.0003). A moderate correlation
between OC and femur length of MESS-treated groups was observed at 1, 2 and 8 wks (r = – 0.4998/
0.5000 and– 0.5980, respectively) and a low correlation at 4 wks (r = – 0.1063). A moderate
correlation was also observed between OC and tibia length for MESS treated groups at 1 and 8 wks (r
= – 0.4010/– 0.4024), and a low correlation at 2 wks and 4 wks (r = – 0.2985/– 0.2994). Though we
could not predict clearly through Pearson’s correlation coefficient, the percentage changes in OC
content were not related to the changes of B-ALP activity, IGF-I content and femur and tibia length.
However, the changes of OC correlated at low and moderate levels to the changes of B-ALP activity,
IGF-I content and femur and tibia length during the experimental period.
3. Experimental Section
3.1. Preparation of safflower seeds extract and analysis of mineral content
Safflower seeds were collected from a local medicinal market in Daejeon, Korea and homogenized
by a crusher to obtain a crude powder, 300 g of which was extracted as described in Figure 4. In the
final step of methanolic extraction, the aqueous methanol layer was evaporated under reduced pressure
using a rotary evaporator at 40-50˚ C and freeze-dried as a powder. Another 300 g of powder was
decocted in a round flask with distilled water (1:10, w/v) at 60˚ C for 3 h, then filtered using No. 40
Whatman filter paper to remove particulate matter and evaporated in a rotary evaporator under the
same conditions mentioned above. The yields of crude methanol and water extracts were about 30 and
25 g, respectively. Each extract was heated at 55 ˚ C for 20 h, and then dissolved in 6 N HCl
containing 1% LiCl3 to determine mineral content using an inductively coupled plasma mass
spectrophotometer (ICP-MS Elan 6000, Perkin-Elmer, USA) as described in the manufacturer’s
directions.
3.2. Experimental animals and administration of extract
Three wks old male Sprague-Dawley rats weighing 34.2±2 g were selected and housed in
polycarbonate cages under a 12 h light/12 h dark cycle at a regulated temperature of 25±1˚ C and
55±5% humidity. A commercial standard pellet diet and water was available ad libitum throughout the
experimental period. To compare OC contents, B-ALP activities and IGF-I contents between nontreated control group and treated group, six rats were used and administered once a day orally with
MESS at a dose of 350 mg/kg body weight using an oral sonde (Natusme Seisakusho, Tokyo, Japan)
for 8 wks. The dose was based on previous a report in that no toxic effect was observed from serum
and urine indexes after feeding the safflower seed diet [53]. At the end of the oral administration
period 1-8 wks (corresponding age 4-11 wks old), the rats were fasted for 12 h and then immediately
sacrificed using ether. After confirming the deep anesthesia, heart puncture and orbital bleeding were
performed and blood was collected from the main artery. Serum was separated by centrifugation at
3,000 rpm for 15 min. The schedules and procedures were performed in the experimental animal
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handling facility at the Department of Biology & Medicinal Science, Pai Chai University, in
compliance with ethical regulations.
Figure 4. Flow chart showing the methanolic extraction from safflower seeds.

3.3. Biochemical analysis of serum
Serum OC content was determined using a Rat Osteocalcin EIA kit (Bioquote Limited, UK) as
described in the manufacturer’s directions. Two OC antibodies were employed, each directed toward
the N or C-terminal OC molecule. B-ALP activity in serum was determined using a commercially
available ELISA kit (Alkphase BTM, Metra Biosystema Inc., CA, USA). Serum IGF-I was measured
by a double antibody immunoradiometric assay (IRMA) using Non Extraction IGF-I Bridge Kit
(Adaltis, Italy) as described in manufacturer’s directions. The first antibody is immobilized to the
inside wall of the tubes (anti-IGF-I-coated tubes) and the second antibody is radiolabelled for detection
[anti-IGF-I- (I125)]. The radioactivity was measured in a gamma counter for 1 min and determined the
net counts per min (CPM).
3.4. Measurement of long bone growth
To determine long bone growth, we used x-rays. The length of femurs and tibias in all treatment
groups was measured three times to 0.01 cm using a calibrated digital Vernier caliper.
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3.5. Statistical analysis
Data were expressed as the mean ± SE calculated from the specified numbers of determination and
analyzed with SPSS 15.0 (SPSS, USA) to determine the significance of effect of safflower seed extract
on OC, B-ALP, IGF-I and bone growth. Data comparisons were made by the Student's t-test.
Pearson´s correlation coefficients were used to test the association of OC with other parameters like BALP activity and IGF-I content in serum and femur and tibia length. All values less than 0.05 (p<0.05)
were considered statistically significant.
4. Conclusions
MESS contains a high mineral content, such as Ca, K and P. Notable elevation was observed on
IGF-I level at 1 wk, followed by a significant and maximum increase of B-ALP at 2 wks and OC at 4
wks after the administration of MESS into rats. The significant elongation of the femur was observed
at 2, 4 and 8 wks after treatment with MESS, suggesting that the MESS effect on bone formation likely
appear to be mediated by IGF-I at the early stage of treatment. However, OC content change might be
less associated with the changes of B-ALP activity, IGF-I content, and femur and tibia length. In
addition, MESS has no cytotoxicity under this experimental condition, hence, it can be used as a
potential alternative to enhance bone formation.
Acknowledgements
This work was conducted by a grant of the Industry/University Cooperation Research Program in
2008 supported by the Small and Medium Business Administration (SMBA) in Korea.
References and Notes
1.
2.

3.
4.

5.

Rodan, G.A.; Martin, T.J. Therapeutic approaches to bone diseases. Science 2000, 289, 15081514.
Havill, L.M.; Hale, L.G.; Newman, D.E.; Witte, S.M.; Mahaney, M.C. Bone ALP and OC
reference standards in adult baboons (Papio hamadryas) by sex and age. J. Med. Primatol. 2006,
35, 97-105.
Szulc, P.; Seeman, E.; Delmas, P.D. Biochemical measurements of bone turnover in children and
adolescents. Osteoporosis Int. 2000, 11, 281-294.
Pedrazzoni, M.; Alfano, F.S.; Girasole, G.; Giuliani, N.; Fantuzzi, M.; Gatti, C.; Campanini, C.;
Passeri, M. Clinical observations with a new specific assay for bone alkaline phosphatase: A
cross-sectional study in osteoporotic and pagetic subjects and a longitudinal evaluation of the
response to ovariectomy, estrogens, and biphosphonates. Calcified Tissue Int. 1996, 59, 334-338.
Ross, P.D.; Knowlton, W. Rapid bone loss is associated with increased levels of biochemical
markers. J. Bone Miner. Res. 1998, 13, 297-302.

Int. J. Mol. Sci. 2009, 10
6.

7.

8.
9.
10.
11.

12.

13.
14.

15.

16.
17.
18.
19.
20.
21.
22.
23.

303

Ganero, P.; Sornay-Rendu, E.; Claustrat, B.; Delmas, P,D. Biochemical markers of bone turnover,
endogenous hormones and the risk of fractures in postmenopausal women: the OFELY study. J.
Bone Miner. Res. 2000, 15, 1526-1536.
Ross, P.D.; Kress, B.C.; Parson, R.E.; Wasnich, R.D.; Armour, K.A.; Mizrahi, I.A. Serum bone
alkaline phosphatase and calcaneus bone density predict fractures: A prospective study.
Osteoporosis Int. 2000, 11, 76-82.
Hannon, R.; Eastell, R. Preanalytical variability of biochemical markers of bone turnover.
Osteoporosis Int. 2000, 11 (Supplment 6), S30-S44.
He, J.; Rosen, C.J.; Adams, D.J.; Kream, B.E. Postnatal growth and bone mass in mice with IGF-I
haploinsufficiency. Bone 2006, 38, 826-835.
Le Roith, D. The insulin-like growth factor system. Exp. Diabet. Res. 2003, 4, 205-212.
Bikle, D.D.; Sakata, T.; Leary, C.; Elalieh, H.; Ginzinger, D.; Rosen, C.J.; Beamer, W.;
Majumdar, S.; Alloran, B.P. Insulin-like growth factor I is required for the anabolic actions of
parathyroid hormone on mouse bone. J. Bone Miner. Res. 2002, 17, 1570-1578.
Arjmandi, B.H.; Lucas, E.A.; Juma, S.; Soliman, A.; Stroecker, B.J.; Khalil, D.A.; Smith, B.J.;
Wang, C. Dried plums prevent ovariectomy-induced bone loss in rats. J. Am. Nutr. Assoc. 2001,
4, 50-56.
Deyhim, F.; Stroecker, B.J.; Brusewitz, G.H.; Devareddy, L.; Arjmandi, B.H. Dried plum reverses
bone loss in an osteopenic rat model of osteoporosis. Menopause 2005, 12, 755-762.
Arjmandi, B.H.; Khalil, D.A.; Lucas, E.A.; Georgis, A.; Stroecker, B.J.; Hardin, C.; Payton, M.E.;
Wild, R.A. Dried plums improve indices of bone formation in postmenopausal women. J.
Womens Health Gend. Based Med. 2002, 11, 61-68.
Franklin, M.; Bu, S.Y.; Lerner, M.R.; Lancaster, E.A.; Bellmer, D.; Marlow, D.; Lightfoot, S.A.;
Arjmandi, B.H.; Brackett, D.J.; Lucas, E.A.; Smith, B.J. Dried plum prevents bone loss in a male
osteoporosis model via IGF-I and the RANK pathway. Bone 2006, 39, 1331-1342.
Cho, M.-H.; Paik, Y.-S.; Hahn, T.-R. Enzymatic conversion of precarthamin to carthamin by a
purified enzyme from the yellow petals of safflower. J. Agric. Food Chem. 2000, 48, 3971-3921.
Weiss, E.A. Castor, sesame and safflower; Barnes and Noble, Inc.: New York, 1971; pp. 529-744.
Wang, G.; Li, Y. Clinical application of safflower (Carthamus tinctorius) [in Chinese]. Zhejiang
J. Trad. Chinese Med. 1985, 20, 42-43.
Wu, L. Yi Qi Huo Xue Prescription used for treatment of gastritis [in Chinese]. Jiangsu J. Trad.
Chinese Med. 1992, 13, 35-37.
Dong, J. Huo Xue Hua Yu decoction was used for treatment on ankyloenteron of 50 cases [in
Chinese]. J. Comb. Chinese Trad. West. Med. 1988, 8, 237.
Wang, Y.; Wang, L. A clinical observation on the effect of rhematic prescription for treatment of
rheumatoid arthritis of 50 cases [in Chinese]. Jiangsu J. Trad. Chinese Med. 1990, 11, 1-3.
Zhu, P. Hu Shen Hua Yu Decoction was used for treatment on renal function imperfection of 61
cases [in Chinese]. J. Comb. Trad. Chinese West. Med. 1991, 11, 750-752.
Huh, J.S.; Kang, J.H.; Yoo, Y.J.; Kim, C.S.; Cho, K.S.; Choi, S.H. The effect of safflower seed
fraction extract on human periodontal ligament fibroblast and MC3T3-E1 cell in vitro [in
Korean]. J. Kor. Acad. Periodontol. 2001, 31, 833-846.

Int. J. Mol. Sci. 2009, 10

304

24. Seo, J.-J.; Kim, T.; Pi, S.-H.; Yun, G.-Y.; You, H.-K.; Shin, H.-S. Effects of safflower seed
extracts and bovine bone on regeneration of bone defects in mongrel dogs [in Korean]. J. Kor.
Acad. Periodontol. 2000, 30, 553-569.
25. Lee, S.-J.; Choi, H.-C.; Sun, K.-J.; Song, J.-B.; Pi, S.-H.; You, H.-K.; Shin, H.-S. A study of
safflower extracts on bone formation in vitro [in Korean]. J. Kor. Acad. Periodontol. 2005, 30,
461-474.
26. You, K.-T.; Choi, K.-S.; Yun, G.-Y.; Kim, E.-C.; You, H.-K.; Shin, H.-S. Healing after
implantation of bone substitutes and safflower seeds feeding in rat calvarial defects [in Korean]. J.
Kor. Acad. Periodontol. 2000, 30, 91-104.
27. Kim, H.J.; Bae, Y.C.; Park, R.W.; Choi, S.W.; Cho, S,H.; Choi, Y.S.; Lee, W.J. Bone-protecting
effect of safflower seeds in ovariectomized rats. Calcified Tissue Int. 2002, 71, 88-94.
28. Hong, H.-T.; Kim, H.-J.; Lee, T.-K.; Kim, D.-W.; Kim, H.-M.; Choo, Y.-K.; Park, Y.-G.; Lee, Y.C.; Kim, C.-H. Inhibitory effect of a Korean traditional medicine, Honghwain-Jahage (water
extracts of Carthamus tinctorius L. seed and Homonis placenta) on interleukin-1-mediated bone
resorption. J. Ethnopharm. 2002, 79, 143-148.
29. Kim, K.-W.; Suh, S.-J.; Lee, T.-K.; Ha, K.-T.; Kim, J.-K.; Kim, K.-H.; Kim, D.-I.; Jeon, J.-H.,
Moon, T.-C.; Kim, C.-H. Effect of safflower seeds supplementation on stimulation of the
proliferation, differentiation and mineralization of osteoblastic MC3T3-E1 cells. J. Ethnopharm.
2008, 115, 42-49.
30. Lee, J.Y.; Chang, E.J.; Kim, H.J.; Park, J.H.; Choi, S.W. Antioxidant flavonoids from leaves of
Carthamus tinctorius. Arch. Pharm. Res. 2002, 25, 313-319.
31. Kim, E.O.; Oh, J.H.; Lee, S.K.; Lee, J.Y.; Choi, S.W. Antioxidant properties and quantification of
phenolic compounds from safflower (Carthamus tinctorius L.) seeds. Food Sci. Biotechnol. 2007,
16, 71-77.
32. Dixon, R.A. Phytoestrogens. Annu. Rev. Plant Biol. 2004, 55, 225-261.
33. Horvath, A.L. Solubility of structurally complicated materials: II. Bone. J. Phys. Chem. Ref. Data
2006, 4, 1653-1668.
34. Koo, W.W.K.; Walters, J.C.; Esterlitz, J.; Levine, R.J.; Bush, A.J.; Sibai, B. Maternal calcium
supplementation and fetal bone mineralization. Obstet. Gynecol. 1999, 94, 577-582.
35. Lemann, J.; Pleuss, J.A. Potassium causes calcium retention in healthy adults. J. Nutr. 1993, 123,
1623-1626.
36. Macdonald, H.M.; New, S.A.; Fraser, W.D.; Campbell, M.K.; Reid, D.M. Low dietary potassium
intakes and high dietary estimates of net endogenous acid production are associated with low
bone mineral density in premenopausal women and increased markers of bone resorption in
postmenopausal women. Am. J. Clin. Nutr. 2005, 81, 923-933.
37. Koyama, Y.; Rittling, S.R.; Tsuji, K.; Hino, K.; Salincarnboriboon, R.; Yano, T.; Taketani, Y.;
Nifuji, A.; Denhardt, D.; Noda, M. Osteopontin deficiency suppresses high phosphate loadinduced bone loss via specific modulation of osteoclasts. Endocrinology 2006, 147, 3040-3049.
38. Polak-Jonkisz, D.; Zwolinska, D. Osteocalcin as a biochemical marker of bone turnover.
Nephrology 1998, 4, 339-346.
39. Glover, S.J.; Garnero, P.; Naylor, K.; Rogers, A.; Eastell, R. Establishing a reference range for
bone turnover markers in young, healthy women. Bone 2008, 42, 623-630.

Int. J. Mol. Sci. 2009, 10

305

40. Aizawa, T.; Kokubun, S.; Tanaka, Y. Apoptosis and proliferation of growth plate chondrocytes in
rabbits. JBJS 1997, 79, 483-486.
41. Roach, H.I.; Mehta, G.; Oreffo, R.O.; Clarke, N.M.; Cooper, C. Temporal analysis of rat growth
plates: cessation of growth with age despite presence of a physis. J. Histochem. Cytochem. 2003,
51, 373-383.
42. Kim, D.H.; Lee, J.H.; Ahn, E.M.; Lee, Y.H.; Baek, N.I.; Lim, I.H. Phenolic glycosides isolated
from safflower (Carthamus tinctorius L.) seeds increase the alkaline phosphatase (ALP) activity
of human osteoblast-like cells. Food Sci. Biotechnol. 2006, 15, 781-785.
43. Aubin, J.E.; Liu, F.; Malaval, L.; Gupta, A.K. Osteoblast and chondroblast differentiation. Bone
1995, 17, 77S-83S.
44. Lin, W.-w.; Oberbauer, A.M. Spatiotemporal expression of alternatively spiced IGF-I mRNA in
the rat costochondral growth plate. J. Endocrinol. 1999, 160, 461-467.
45. Schwander, S.C.; Hauri, C.; Zapf, J.; Froescj, E.R. Synthesis and secretion of insulin-like growth
factor and its binding protein by the perfused rat liver: Dependence on growth hormone status.
Endocrinology 1983, 113, 297-305.
46. Ezzat, S.; Melmed, S.; Endres, D.; Eyre, D.R.; Singer, F.R. Biochemical assessment of bone
formation and resorption in acromegaly. J. Clin. Endocrinol. Metab. 1993, 76, 1452-1457.
47. Le Roith, D.; Bondy, C.; Yakar, S.; Liu, J.L.; Butler, A. The somatomedin hypothesis. Endocrine
Rev. 2001, 22, 53-74.
48. Yakar, S.; Rosen, C.J. From mouse to man: Redefining the role of insulin-like growth factor-I in
the acquisition of bone mass. Exp. Biol. Med. 2003, 228, 245-252.
49. Baxter, R.C. Circulating levels and molecular distribution of the acid-labile (α) subunit of the high
molecular weight insulin-like growth factor-binding protein complex. J. Clin. Endocrinol. Metab.
1990, 70, 1347-1353.
50. Daughaday, W.H. Free insulin-like growth factor (IGF) in disorders of IGF binding protein 3
complex formation. J. Clin. Endocrinol. 2004, 89, 3-5.
51. Bouxsein, M.L.; Rosen, C.J.; Turner, C.H.; Ackert, C.L.; Shultz, K.L.; Donahue, L.R.; Churchill,
G.; Adamo, M.L.; Powell, D.R.; Turner, R.T.; Müller, R.; Beamer, W.G. Generation of a new
congenic mouse strain to test the relationships among serum insulin-like growth factor I, bone
mineral density, and skeletal morphology in vivo. J. Bone Miner. Res. 2002, 17, 570-579.
52. Rosen, C.J. Insulin-like growth factor and bone mineral density: experience from animal models
and human observational studies. Best Practice & Research. Clin. Endocrinol. Metab. 2004, 18,
423-435.
53. Song, H.-R.; Ra D.-K.; Kim, J.-S.; Jung, T.-S.; Kim, Y.-H.; Kang, H.-J.; Kang, C.-B.; Yeon, S.C.; Kim, E.H.; Lee, H.-J.; Shin, G.-W.; Park, M.-R.; Kim, G.-S. Effects of safflower seed on new
bone formation. J. Vet. Clinic. 2002, 19, 66-72.
© 2009 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland.
This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

