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Abstract

The current study investigated the effect of Korean safflower (Carthamus tinctorius 1.) seed powder and its
water and ethanol extracts on bone metabolism during recovery from rib-fracture induced by surgical operation
in rats. 10-week-old male Sprague-Dawley rats weighing about 320 g were divided into 9 groups after arrival:
10d control (AIN 76 semi-purified diet), 10d safflower seed powder (10d SS-powder), 10d safflower seed ethanol
extract (10d SS-EtOH), 10d safflower seed water extract (10d SS-H,0), 20d control (AIN-76 semi-purified diet),
20d safflower seed powder (20d SS-powder), 20d safflower seed ethanol extract (20d SS-EtOH), 20d safflower
seed water extract (20d SS-H;0), and 20d sham-operation (20d sham). The dietary level for all the supplements
was 5% based on the raw material weight. The rats were fed the experimental diets for 10 days before the
rib fracture operation and for a further 10 or 20 days after the operation. A number 9 rib was fractured
surgically and a sham-operation also performed. The rats were then sacrificed on the 10th or 20th day after
the operation. The body weight initially decreased after the operation in all the rib-fractured groups, then
gradually recovered. The concentrations of plasma osteocalcin were higher in the control group than in all
the safflower-supplemented groups 10 and 20 days after the rib-fracture (p <0.05). The bone-specific ALP
(alkaline phosphatase) activity was significantly higher in the SS-EtOH group than in the other groups 20
days after the rib-fracture (p <0.05). The level of urinary DPD (deoxypridinoline) was significantly higher in
the SS-EtOH and SS-H,O groups than in the other groups 10 days after the rib-fracture. When comparing
the PTH (parathyroid hormone) and calcitonin levels, the SS-H>O group exhibited the highest PTH level among
the groups 10 and 20 days after the rib-fracture. Thus, it was concluded that the bone turnover during the
fracture-healing period was more rapid in the rats supplemented with safflower seed powder or its fractions
than in the control rats. Furthermore, the SS-H,O fraction was identified as the most effective in stimulating
bone remodeling, as bone resorption and bone formation were both significantly increased during fracture healing
when compared to the control group.
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INTRODUCTION

The skeleton serves several functions as a support for
the body, protector of internal organs, attachment site for
muscles, cavity for bone-forming cells, and reservoir for
minerals (1-4).

Bone constantly undergoes the process known as re-
modeling or bone turnover, which is a coupled reaction
of resorption and formation. This remodeling process is
part of the normal maintenance and development of bone.
In the remodeling process, old bone is resorbed (dissolved)
by enzymes released from osteoclasts (bone-resorbing
cells), resulting in a bone cavity, which is then filled with
a new bone matrix through osteoblasts (bone-forming cells)
(5). Under normal circumstances, the bone resorption and
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formation processes are tightly coupled and balanced. Re-
modeling is regulated by both local and systemic factors,
including electrical and mechanical forces, hormones (e.g.,
parathyroid hormone, thyroid hormone, vitamin D and its
metabolites, estrogen, androgens, cortisol, calcitonin, and
growth hormones), growth factors [e.g., insulin-link growth
factor 1 (IGF-1) and transforming growth factor {], and
cytokines (e.g., interleukins 1 and 6) (1).

Recently, there has been an increase in the use of func-
tional foods and/or nutraceuticals for preventing or treating
chronic diseases, such as cancer, hyperlipidemia, diabetes,
and osteophoresis. Among medicinal herbs, the inhibitory
effect of “Honghwain-Jahage (HI)” is very similar to that
of calcitonin treatment, indicating a similar role in inhib-
iting osteoclast-mediated bone resorption. In Korean herbal
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medicine, HJ is known to be effective for treating inflam-
mation, hyperlipemia, arteriosclerosis, and gynecological
diseases, such as osteophoresis and bone resorption. Ac-
cording to ancient Chinese and Korean medicinal and
herbal literature (6), the formula of HJ is an effective bio-
logical response modifier for augmenting the host home-
ostasis of body circulation (6). HJ consists of crude ingre-
dients from two medicinal herbs, Carthamus tinctorius L.
seeds and Hominis placenta. The chemical constituents
of C. tinctorius L. seeds are carthamin (C2H2001,) (7) and
various fatty acids (8,9), while the constituents of H.
placenta are annexin (10) and placenta protein 4 (11). This
herbal medicine has also been shown to express diverse
activities, such as immunomodulating, anti-infarction, anti-
allergic, and anti-inflammatory effects (12).

Safflower (Carthamus tinctorius L.) seeds have a long
history of clinical use in Korea related to promoting bone
tormation and preventing osteoporosis (13). The dried flow-
er of safflower is also used to promote blood circulation
und treat angina pectoris and cerebral thrombosis (14). Saf-
tlower sceds contain three serotonin derivatives that cx-
hibit antioxidative activity (15).

In preliminary experiments, the supplementation of saf-
tlower seed powder (10%) has been found to influence
bone fracture recovery by accelerating the process of bone
repair (16,17). Accordingly, the current study investigated
the effect of Korean safflower (Carthamus tinctorius 1.)
seed powder and its water & ethanol extracts on bone
metabolism during recovery from rib-fracture induced by
surgical operation in rats.

MATERIALS AND METHODS

Preparation of safflower seed extract and chemical
analysis

One hundred grams of safflower seeds was extracted
using water or ethanol. The powder from roasted safflower
seeds was extracted twice using either 500 mL of hot dis-
tilled water (90°C) or 80% ethanol (80°C) for 6 hr. The
extracts were then filtered through Whatman No. 2 filter
paper, evaporated under a vacuum at 40°C, and further
dried to a powder using a freeze-dryer at -50°C. The ex-
traction method used in the current study yielded 10.1 g
of SS-H-O or 3.0 g of SS-EtOH/100 g safflower seeds.
Different types of safflower seed were analyzed for their
general composition. The crude protein, crude fat, and
crude ash contents were determined using the Kjedahl
method, Soxhlet extraction method, and wet-dry ashing,
respectively. The total and reducing sugar contents were
analyzed using the AOAC method (18), while the total
phenolic content was analyzed by the Folin-Denis method
(19). The fatty acids were analyzed using gas chroma-

tography (20). The major compositions of general nutrients
and fatty acids in the safflower seeds and extracts are
shown in Table 1.

The crude fat content was higher in the ethanol prep-
aration than in the water preparation, but the opposite was
true for the crude ash content. The total sugar content
was 7 times higher in the ethanol preparation than in the
water preparation, while the total phenolic content in the
ethanol preparation was 5 times higher than that in the
water preparation based on the dried weight of each extract
(Table 1). The total phenolic content included in the
SS-powder, SS-EtOH, and SS-H-O diets was about 155
mg, 7.45 mg, and 5.0 mg per 100 g of diet, respectively.
Among the fatty acid profiles for the safflower seed prep-
arations, the contents of caprylic acid and erucic acid were
higher in the ethanol preparation than in the water prep-
aration, The major fatty acid in all the safflower seed
preparations was linoleic acid. However, the contents of
palmitoleic acid and stearic acid were higher in the water
preparation than in the ethanol preparation (Table 1).

Animals and diets

Sixty male Sprague-Dawley rats weighing between 300
¢ and 320 g were obtained from Bio Genomics (Seoul,
Korea). The animals were individually housed in stainless
steel cages in a room at 20~23°C with a 12-h light:dark
cycle. All the animals were fed a pelletized commercial
chow diet for eleven days after arrival, then randomly

Table 1. Composition of safflower seeds and extracts

Component SS-Power  SS-EtOH SS-H;O
%, dry basis
Crude protein 18.82 41.22 34.24
Crude fat 14.61 14.52 6.84
Crude ash 3.87 8.51 16.39
Crude fiber 10.46 0.29 trace
N-free extract 52.23 35.45 42.52
mg/g, dry basis
Total sugar 21.01 322.16 46.07
Reducing sugar 0.99 5.68 6.81
Total phenolics 31.00 49.65 10.01
Fatty acid Area %
Caprylic acid trace 8.3 4.3
Palmitoleic acid 7.8 1.2 6.0
Stearic acid 5.1 0.7 2.4
Oleic acid 14.1 12.6 12.1
Linoleic acid 69.1 729 729
Arachidic acid 0.9 04 0.7
Heneicosanoic acid trace 0.3 0.3
Behenic acid 1.8 1.0 1.2
Erucic acid trace 2.6 trace
TSFA" 12.9 10.2 12.7
TUSFA” 87.1 89.8 87.3

i)Total saturated fatty acids.
“Total unsaturated fatty acids.
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divided into 9 groups: 10d control (AIN 76 semipurified
diet), 10d safflower seed powder (10d SS-powder), 10d sa-
fflower seed ethanol extract (10d SS-EtOH), 10d safflower
seed water extract (10d SS-H;0), 20d control (AIN-76 se-
mipurified diet), 20d safflower seed powder (20d SS-
powder), 20d safflower seed ethanol extract (20d SS-
EtOH), 20d safflower seed water extract (20d SS-H,0),
and 20d sham-operation (20d sham) (Table 2). The ex-
perimental diets were supplied for-10 days prior to the
rib fracture operation and for a further 10 or 20 days after
the operation. A number 9 rib was fractured surgically and
a sham-operation also performed. The rats were then sac-
rificed on the 10th or 20th day after the operation. The
level of all the dietary supplements was 5% based on the
raw material (safflower seed) weight. The experimental
diets were made isoenergetic and isonitrogenous by adj-
usting the diet composition based on the information in
Table 1. The diet compositions are shown in Table 3; the
control diet was based on an AIN-76 semi-synthetic diet
(21,22). The animals were given free access to food and
distilled water during the experiment. The food consump-
tion and weight-gain were measured every third day. At
the end of the experimental period, the rats were anes-
thetized with Ketamine following a 12h fast. Blood was
drawn from the inferior vena cava into a heparin-coated
tube, and the plasma obtained by centrifuging the blood
at 1,000 g for 15 min at 4°C. Urine was collected for 2
days before sacrificing. The plasma and urine were stored
at -60°C until analyzed.

Biochemical markers analyses

The concentrations of plasma calcium and phosphorus
were determined using a commercial kit (Asan, Korea).
The level of alkaline phosphatase (Total-ALP), a bone for-
mation index, was determined according to the spectro-
scopic luminous method using a commercial kit (Asan,
Korea). The activity of bone-specific alkaline phosphatase
(BAP) in the plasma was determined by an immunora-

Table 2. Experimental design to determine effect of different
safflower seed (SS) fractions on repair of rib-fracture

ggl_r g;g?urzﬁer Sy rgrlz)(ﬁrs)sfor N” Type of safflower seed
Control 7 -

10 days SS-powder 7 Powdered seed
SS-EtOH 7  Powdered EtOH extract
SS-H.0 6 Powdered H.O extract
Control 7 -
SS-powder 7 Powdered seed

20 days SS-EtOH 7  Powdered EtOH extract
SS-HO 6 Powdered H,O extract
Sham 6 -

YNumber of animals.

Table 3. Composition of experimental diets (%) fed to rib-
fractured animals

Dietary groups

Ingredients Control SS-powder SS-EtOH SS-H;O
Casein 20.0 19.06 19.97 19.82
D,L-methionine 0.3 0.3 0.3 0.3
Corn starch 15.0 14.64 14.99 14.98
Sucrose 50.0 48.79 49.99 49.93
Cellulose powder 5.0 343 4.98 4.90
Corn oil 5.0 427 4.93 495
Mineral mixture” 3.5 3.31 3.49 3.42
Vitamin mixture” 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
SS-powder - 5.0 - -
SS-EtOH extract - - 0.15 -
SS-H,O extract - - - 0.5
Total 100 100 100 100

YAIN-76 mineral mixture

PAIN-76A vitamin mixture contained (in g/kg mixture): thiamin
HCL, 0.6; riboflavin, 0.6; pyridoxine HCI, 0.7: nicotinic acid,
0.003; D-calcium pantothenate, 0.0016; folate, 0.2; D-biotin,
0.02; cyanocobalamin (vitamin By;), 0.001; retinyl palmitate
premix, 0.8; DL-alpha tocopheryl acetate, premix, 20; chole-
calciferol (vitamin Ds), 0.0025; menaquinone (vitamin K), 0.05;
antioxidant, 0.01; sucrose, finely powdered, 972.8.

diometric assay (JRMA) using an ALKPHASE-B kit
(Metra Biosystems, Inc., USA). The concentration of osteo-
calcin in the plasma was also determined by an immu-
noradiometric assay (IRMA) using a Human Osteocalcin
kit (Immutopics Inc., USA), where the sample containing
osteocalcin is incubated simultaneously with an antibody-
coated bead and "I labeled antibody, then the radioac-
tivity bound to the bead is measured using a gamma count-
er (23).

The amount of deoxypyridinoline (DPD) in the urine,
as an indicator of bone resorption, was quantitatively de-
termined using a PYRILINKS “-D kit (Metra Biosys-
tems, Inc., USA), which performs a competitive enzyme
immunoassay. The parathyroid hormone (PTH) level and
concentration of calcitonin, both of which regulate the
concentration of plasma calcium, were determined by an
immunoradiometric assay using an INTACT PTH kit
(Nichols Institute Diagnostics, USA) and Calcitonin Dou-
ble Antibody kit (Diagnostic products corporation, USA),
respectively. Then the radioactivity was measured using a
gamma counter. The protein concentration was determined
according to Bradfords method (24) using bovine albumin
as the standard.

Statistical analyses

The parameter values were all expressed as the mean =
SE. Statistical differences among the groups were deter-
mined by one-way ANQOVA using the SPSS package pro-
gram. The results were considered significant if the value
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of p was less than 0.05. Duncan’s multiple-range test was
performed to determine any differences between the 10
or 20-day groups. The differences between the 10 and
20-day experimental groups were also compared by Stu-
dent’s ¢ test using standard social science statistical pack-
ages.

RESULTS AND DISCUSSION

Effect on food intake, weight gain, and organ weights

The body weight and food intake were unaffected by
the safflower seed extract supplementation, as shown in
Table 4. The body weight initially decreased after the
operation in all the rib-fractured groups, then gradually
recovered. Generally, the body weight and dietary intake
are lower during fracture healing after rib-fracture (25-27).
However, in the current study, the food intake, weight gain,
and organ weights for the safflower seed and extract
groups did not differ significantly from those for the con-
trol group (Table 5).

Bone formation and resorption markers

Plasma bone-specific alkaline phosphatase, toral alka-
iine phosphatase, and osteocalcin : The safflower seed
supplemented diets did result in certain changes in the
markers of bone formation (Fig. 1, Table 6). After the
rib-fracture, the concentration of plasma osteocalcin, a

8 BB 10 days
7+ [ 20 days
E° —
g 5
£ 4
L
8 3
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o n "N
Control SS-powder SS-EtOH SS-H,0 Sham

Dietary Groups

Fig. 1. Concentration of osteocalcin in plasma of rib-fractured

rats supplemented with different safflower seed fractions."

“Mean = SE.

APDifferent letters indicate significant differences (p<0.05)
among 10-day groups.

®Different letters indicate significant differences (p<0.05)
among 20-day groups.

*Symbol indicates significant difference (p<0.05) between
10-day and 20-day groups.

bone formation index, was significantly higher in the con-
trol group than in the SS-powder and SS-EtOH groups
among the 10-day groups, and significantly higher in the
control group than in the SS-H>O group among the 20-day
groups. When comparing the length of time after the rib-

Table 4. Food intake and weight gain in rib-fractured rats fed different safflower seed fraction diets

Duration after rib-fracture Dietary groups

Food intakes (g/day) ~ Weight gain (g/day)

Control 25.71 + 0.94'"N5% 0.30-0.42™
10 days SS-powder 24.50+1.23 -0.09 +0.40
SS-EtOH 27.79-0.88 -0.64 +0.37
SS-H;O 25.54 7 1.15 -0.27120.24
Control 26.93 + 0.82 1.06+0.17
SS-powder 26.891+0.82 094 :0.12
20 days SS-EtOH 28.18 20.58 1.16 -0.23
SS-H-O 26.63 -0.49 0.85%0.50
Sham 27.46+0.46 1.34 +0.08
'Mean =+ SE.

NS: not significant.

Table 5. Liver, kidney, and heart weights for experimental rats fed different safflower seed fraction diets

7‘ Duration after rib-fracture Dietary groups Li ver () Heart (g) Kidney (g)
Control 11.03 £ 0.60"™? 1.16 £ 0.05™° 2.20+0.06"
10 davs SS-powder 10.84 +0.34 1.19+0.04 2.40+0.07
Y SS-EtOH 11.5320.19 1.12--0.03 2.25+0.06
SS-H-0 10.77 4 0.23 1.21 £0.03 2.20 1 0.04
Control 11.46 +0.37 1.19 +0.04 2.27+0.03
SS-powder 11.06 1 0.27 1.15+0.05 2304005
20 days SS-EtOH 13.23 +0.45 1.24 +0.04 2.45+0.09
SS-H-0 12.46 *0.63 1.23+0.06 2.26+0.07
Sham 11.81 ~0.38 1.06 - 0.03 221 0.06
"Mean + SE.

“NS: not significant.
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Table 6. Activity of bone-specific alkaline phosphatase and total alkaline phosphatase in plasma of rib-fractured rats supplemented

with different safflower seed fraction diets

Duration after rib-fracture Dietary groups

Total alkaline
phosphatase (K-A)

Bone specific alkaline
phosphatase (U/L)

Control 0.51+0.06" 35.18 £2.85™?

10 days SS-powder 0.68+0.08 31.75+3.83
SS-EtOH 0.50 +0.05 39.25+2.56
SS-H,0 0.64+0.14 33.63+1.97
Control 0.55+0.05 36.14+2.69
SS-powder 0.54 +0.06° 33.28+2.16

20 days SS-E{OH 0.95+0.20" 36.96+1.91
SS-H.0 0.73+0.08® 34.08+3.52
Sham 0.54 £0.08° 42.39+7.22

YMean =+ SE.

NS: not significant.

*Different letters indicate significant differences (p<0.05) among 10-day or 20-day groups.

fracture, the osteocalcin concentration in the SS-EtOH
group only increased significantly after 20 days rather than
after 10 days.

Bone-specific alkaline phosphatase is a tetrameric gly-
coprotein found on the cell surface of osteoblasts (28) that
are responsible for new bone formation. The detailed func-
tion of bone-specific ALP is still not clearly understood,
although it would appear to play a role in skeletal min-
eralization (28-30). The total-ALP activity in the plasma
did not differ among the dietary groups or 10 and 20-day
groups. The bone-specific ALP activity, which is appa-
rently related to the calcification of bone, exhibited no dif-
ference 10 days after the rib-fracture, yet became signif-
icantly higher in the SS-EtOH group and slightly higher
in the SS-H>O group compared to the other groups 20 days
after the rib-fracture. This result was also consistent with
preliminary experiments (16).

Urinary deoxypyridinoline (DPD) : The level of urinary
DPD, a bone-resorption index, was significantly higher in
the SS-EtOH and SS-H:O groups than in the other groups
10 days after the rib-fracture. In addition, the urinary DPD
was significantly increased in the control and SS-powder
groups 20 days after the rib-fracture compared to 10 days
after, yet no different to the other groups 20 days after
the rib-fracture (Table 7). DPD, an amino acid derivative
found primarily in mature type I collagen in bone, forms
crosslinks between adjacent collagen molecules and pro-
vides tensile strength to the collagen matrix in bone (5).
During bone resorption, DPD is released from the matrix
and eventually excreted into urine. Therefore, since DPD
is released during the breakdown of mature bone, a var-
iation in the amount of excreted DPD reflects a quan-
titative change in the rate of bone resorption. Thus, mea-
suring the urinary DPD concentration, which is not influ-
enced by diet or physical exercise, reflects the true bone
turnover rate (31). In the current study, supplementation

Table 7. Levels of urinary deoxypyridinolin in rib-fractured
supplemented with different safflower seed fractions

Deoxypyridinoline
(nM/mM creatine)

Duration after

rib-fracture Dictary groups

Control 876.59 +41.79"%%

10 days SS-powder 764.46+21.34° .
SS-EtOH 2855.80* 158.75
SS-H,O 2917.67 £51.51°
Control 2475.50 % 190.04***"
SS-powder  2553.57 + 155.28***

20 days SS-EtOH 2848.29 +76.87
SS-H,0 2644.80 *. 159.98
Sham 2833.50+ 124.79

YMean = SE.

“Different letters indicate significant differences (p < 0.05) among
10-day or 20-day groups.

“Symbol indicates significant difference (p<0.001) between
10-day and 20-day groups.

with the safflower seed ethanol extract and safflower seed
water extract seemed to initiate bone resorption earlier than
in the SS-powder group or control group, as revealed by
the DPD values 10 and 20 days after the rib-fracture.

Plasma levels of hormone, calcium, phosphorus and
protein

Parathyroid hormone and calcitonin : When comparing
the PTH and calcitonin levels that regulate the concen-
tration of plasma calcium, the SS-H>O group exhibited the
highest level of PTH among the 10 and 20-day groups
after the rib-fracture. The PTH levels were significantly
higher in the SS-powder and SS-H,O groups compared
to the other groups 20 days after the rib-fracture (Fig. 2).
However, the levels of calcitonin did not differ among the
dietary groups or between the 10 and 20-day groups (Fig.
3).

PTH plays an important role in maintaining the concen-
tration of ionized calcium within the limits needed to
achieve normal metabolic functions. When the serum cal-
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Fig. 2. Levels of plasma parathyroid hormone in rib-fractured

rats supplemented with different safflower seed fractions."
"Mean + SE.

“BDifferent letters indicate significant differences (p <2 0.05)
among 10-day groups.

“Different letters indicate significant differences (p<_0.03)
among 20-day groups.

“**Symbol indicate significant difference between 10-day and

20-day groups at p< 0.05 and p < 0.01, respectively.
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Fig. 3. Concentrations of plasma calcitonin in rib-fractured rats
upplemented with different safflower seed fractions."

"Mean + SE.

NS: not significant.

cium levels are decreased, the parathyroid gland increases
the secretion of PTH, resulting in an increased mobiliza-
tion of calcium from the skeletal reserves into the circu-
lation. Conversely, when the levels of serum calcium are
increased, the secretion of PTH is reduced (32). However,
recent studies have shown that daily subcutaneous in-
jections of relatively low doses of PTH stimulate bone
formation in osteopenic animals and osteoporotic men and
women (33-36). As indicated by PTH levels that stimulate
bone resorption and the urinary DPD, a bone resorption
index, bone resorption was stimulated in the SS-H,O group
10 days after the rib-fracture and in the SS-powder, SS-
EtOH, and SS-H->O groups 20 days after the rib-fracture.
As such, bone resorption was continuously active, espe-
cially in the SS-H,O group (Fig. 2, Table 7)

Plasma protein, calcium, and phosphorus : The con-
centrations of plasma protein were significantly lower in
the SS-EtOH group and exhibited a lower tendency in the
SS-H-O group compared to the other groups 10 days after
the rib-fracture. The plasma protein concentration also ten-
ded to be lower in the safflower seed supplemented groups
than in the control group 20 days after the rib-fracture
(Table 8). Pyridinium crosslinks are not metabolized or
absorbed from the diet, thus approximately 60% of the
crosslinks released during resorption are bound to protein,
while the remaining 40% are free (not protein bound) (37).
As such, the lower concentration of plasma protein in the
SS-EtOH and SS-H,0 groups 10 days after the rib-fracture
may have been due to the increased urinary excretion of
DPD mediated by the supplementation of the safflower
seed extracts (Table 7).

When comparing the plasma calcium and phosphorus
levels, the concentration of calcium was no different 10
days after the rib-fracture, yet significantly higher in the
SS-EtOH group compared to the other groups 20 days after
the rib-fracture (Table 8). This result was consistent with

Table 8. Concentration of plasma protein, calcium, and phosphorus in rib-fractured rats supplemented with different safflower seed

traction diets

Duration after .
Dietary groups

rib-fracture Protein (mg/mL) Calcium (mg/dL)  Phosphorus (mg/dL) Ca/P ratio
Control 46.13 + 3.38"*% 9.97 ~0.25"™ 7.06 + 0.46" 1.44 + 0.08"

10 davs SS-powder 47.39 +2.73" 10.18 - 0.15 9.41+ 1.44" 1.29+0.04°
¥ SS-EtOH 29.44+ 3,08 10.38 ~.0.31° 11,68 1.08" 0.92 + 0.09°
SS-H-0 37.52 + 2.88™ 10.03-+ 0.25° 991+ 1.06" 1.08 +0.13"

Control 41.53 4 2.54* 9.80 +0.15" 6.43+0.21° 1.53 +0.05"

SS-powder 38.47 + 4.57° 10.24 £0.29™ 8.58 +0.58" 1.22 + 0.08"

20 days SS-EtOH 3254+ 1.16° 10.73 +~0.44° 8.05 + 0.48"* 137 ¢ 0.11°%*

SS-H-0 35.03 +3.52° 9.90 ¢ 0.09™ 7.78 + 0.33° 1.29 +0.06"

Sham 46.83 + 2.48 10.67 1 0.66 8.80 +0.35 1.22 £ 0.08

'Mean .. SE.

“'Different letters indicate significant differences (p< 0.05) among 10-day or 20-day groups.
"**Symbols indicate significant difference between 10-day and 20-day groups at p< 0.05 and p<0.01, respectively.
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the levels of PTH that increase the serum calcium level.
The concentration of phosphorus was significantly higher
in the SS-EtOH group than in the control group 10 days
after the rib-fracture, significantly higher in the safflow-
er-supplemented groups than in the control group 20 days
after the rib-fracture, and significantly lower in the SS-
EtOH group 20 days after the rib-fracture, rather than 10
days after. The Ca/P ratio was significantly lower in the
SS-EtOH and SS-H>O groups than in the other groups 10
days after the rib-fracture. However, this ratio became
significantly lower in the SS-powder and SS-H>O groups
than in the control group 20 days after the rib-fracture.
In the SS-EtOH group, the Ca/P ratio was significantly
lower 10 days after the rib-fracture, rather than 20 days
after. Generally, bone resorption is lowered when the plas-
ma calcium level is high, whereas bone resorption and
bone formation are both stimulated when the plasma phos-
phate level is higher than the normal concentration (38).
As such, the current results were consistent with prelim-
inary experiments (16).

In conclusion, the supplementation of safflower seed
powder and its extracts was found to accelerate bone turn-
over during recovery from bone fracture. The SS-H,O ex-
tract, identified as the most effective extract, seemed to
stimulate bone remodeling, as it increased both bone re-
sorption and bone formation biomarkers during the healing
period in rib-fractured rats. However, further investigation
is needed to determine whether safflower seeds have po-
tential clinical applications for bone fractures.
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