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ABSTRACT

This study was carried out to investigate the effects of the Korean Safflower(Carthamus tinctorius L) seed powder and its water &
ethanol extracts on bone metabolism during the recovery of rib-fracture induced by surgical operation in rats. Male Sprague-Dawley
rats, 10 weeks old weighing abant 320g, were divided into 9 groups after arrival: the 104 control{AIN-76 semipurified diet), 10d
safflower sced powder(10d 55-powder), 10d safflower seed ethanol extract{10d S8-EtOH), 10d safflower seed water extract(10d §5-
H,0), the 20d control{AIN-76 semipurified diet}, 20d safflower seed powder(20d §5-powder), 20d safflower seed ethanol extract
(20d $8-EtOH), 20d safflower seed water extract(20d S5-H,0), the 20d sham-operation{20d sham). The levels of all supplements
wete 5% in diet which is based on raw materal weight. They were fed experimental diets for 10 days before the rib fracture
operation and for 10 or 20 days more days after operation. A number 9 rib was fractured surgically and sham-operation was also
performed. After the rib-fracture operation, rats were sacnficed on the 10th or the 20th day after operation. The body weight were
decreased after operation in all rb-fractured groups but recovered gradually thereafter. The fractured sections of S§-EtOH group
and 55-H,O group were more strongly adhered and more rapidly repaired than those of control groups. More detailed cffects of the
supplementation safflower seed powder and its extracts can be summarized as follows. 1) In callus formation, the portion of hyaline
cartilage was notably higher in safflower seed proups than in control group ar the 10th day after rib-fracture, §S-H.Q group had the
highest portion of trabecular bone at the 10th day after rib-fracture. More hyaline cartilage was observed in all safflower groups than
in control group at the 20th day after rib-fracture. 2) The Bone resorption was also occurred more rapidly in $5-powder group and
55-H:O group than in other groups as indicated by a large number of osteoclast cells observed. It is concluded that the fracture
healing, were repaired more rapidly in rats supplemented with safflower seed powder and its fractions than in control rats. Among
them the 88-H,O fraction, which was the most effective fraction, stimulated bone remodeling since it increased both bone
resorption and bone formation during fracture healing. (Korean J Nutrition 33(4) 1 441~420, 2000}
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Table 1. Experimental design for the effect of different fractions of
safflower seed(SS) on repairing of rib-fracture

Duration after  Symbols of

Types of

*

rib-fracture groups safflower seed

Control 7 -
SS-powder 7 Pawdered seed

10 days
S5-FtOH 7 Pawdered EtOH extract
S5-H,O 6 Powdered H,0O extract
Cantrol 7 -
88-powder 7 Powdered seed

20 days 55-EtCH 7 Powdered EHOH extract
55-H,O 6 Powdered H,O extract
Sham 6 -

*Number of animals

Table 2. Diet compositions of experimental diets(%,) fed to rib-frac-
tured animals

Dietary groups

Ingredients

Control  5S-powder S5-EtOH  55-H:O
Casein 20.0 19.06 19.97 19.82
55-powder — 5 - —
S5-EtCH extract - — .15 —
55-H,O extract — — — 0.5
D,L-methianine 0.3 03 0.3 0.3
Carn starch 15.0 14.64 14.9% 14.98
Sucrose 30.0 48.79 49.99 49.93
Cellulose 5.0 3.43 498 4490
Cormn ol 5.0 4.27 4,93 495
Mineral me a5 3.31 3,49 342
Vitamin mix" 1.0 1.0 1.0 1.0
Chaoline bitartrale 0.2 0.2 0.2 0.2

AN mineral mixlure 76(American Institute of Nulntion. Repert of
the AIN Ad Hoc Committee on standards for mutritional studies. }
Mutr 107 1340-1348, 1977}

bAIN vitarmin mixture 76-A contained{in g/kg mixture]: Lhiamin HCI,
0.6, riboflavin, 0 &. pyridoxine HCl, 0.7. micotinic acid, 8.003. D-
calcium pantothenate, 0.0076. folale, 0.2: D-biotin, 0.02. cyano-
cobalaminivitamin B-12}, 0.001, retinyl palmitate premix, 0.8. DL-
alpha tocopheryl acetate, premix, 20, choleczlciferclivitarmin Dy), 0.
0025. meraquinone(vitamin K, 0.05. antiowidant, 0.07. sucrose,
linely powdered, 972.8.

5. 3 T8 O A, HO/Y BA 9 OZHES 24
4 H F 10970 09 A5 7 T2 4T
Q

2 AAE 2398 T 5% sodium sullate 73]
24417t HA A7 €2 {ethanol) ALE EFAZ F
Eal#e] W o 2 paraffin & 245 5~ 10pme]
27218 A|ZEln, Hematoxylinreosin(H & E)E 4

3} Masson's trichrome @4-& #ste] Fadn|Zde=z
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Table 3, Food intake and weighl gain in nb-fractured rats fed dif-
lerent fractions of safilower seed diat

Duration after Dietary Faad intakes Woeight gains
rib-fracture groups (g/day) (g/dav)
Control 2571 + 094" 0.30 £ 042
S5-powder 2450 - 1.23 009 4 040
10 days
S5-EtCH 2779 £ 088 064 + 037
55-H.Q 2554 £ 115 -027 £ 0.24
Control 2693 - 082 1.06 + 0.17
5S-powder 2689 = T11 094 + 0.12
20 days S5-EtOH 28.18 4+ 0.58 116 4+ 0.23
55-H.O 2663 + 0.49 0.85 + 0.50
Sham 2746 £ 046 1.34 + 0.08
1) Mean £ S.E.

oh® ohE o2 AlfoldEe] A9 dBe] HaMyg E
W3l £o}ZA (granulation tissue) 2= 1 7 Azt orga-
nization)7} gojuta Falste FHYS SHAE AZ
3 BArEsHA 449 vAdEZ9 AF(trabecular) 7t &
e W) dEg daFHez AFATE= 7 (bony ca-
llus)e] &4% o] F=F T3 HA4go] 7P}, o] AAZ &
3 A= P9l e e dZxgeziy
A =35}94 (endochondral ossification) o] gojuA

1} e Z8#H4 (intramembranous ossification) S &
&AM v]Ad<-E(immature bone)o| BFAAT Y rlxeto g
AR 7o) AAk A5 S3E(mature lamellar bone) 2
v A A2k Y Fo| 324 E(osteoclast)ol] 3]
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Fig. 1. Callus of fractured ribs at the 10th day and 20th day.
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Fig. 2. Histological profiles of bone structures in sham operated group at the 20th day after operation. B Bone, BM Bone mairaw, P
Periosteum, Arrow Osteocyte. A Masson's trichrome stain, X 150, B: Hematoxylin-eosin stamn, > 300.
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Table 4. Composition of bony callus formed in rib-fractured rats
supplemented with different types of safflower seed preparation

2 2se] s A5l v]

e

Duration after  [hetary  Conneclive  Hyaline  Trabecular
rib-fracture Broups tissue cartilage bone
Controf ++ -+ ++ +
10 days S§S-powder ++ +++ +
$8-EtOH ++ +++ +
55-H.0 ++ +++ ++
Control + ++ ++
SS-powder + + +++
S + + +4++
S5-H.0 + + +++
Remarks® + - numerous, ++ . moderate, +. a few, +; rare
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Fig. 3. Histalogical profiles of bone structure at the 10th day after rib-fracture(Massan's tichrome stain, X 150}, CA  Hyaline carlilage, CT
Connective tissue, TB: Trabecular bone. A Cantral group, B: $5-powder group, C: 55-F1OH group, [ 55-H:0 group



Fig. 4. Distribution of Usteoclast cell of bane structure ai the 10th day after rib fracture(Hematoxylln eosin stain, X 300) CA Hyaline car-
tilage, CT. Connective tissue, TB" Trabecular bone, Arrow: Osleoclast cell. A Control group, B: 55-powder group, C: 55-EtOH group, D:

55-H,O group.

10
r - 10 days
2] 20 days

=)

Osteaclast cellicount/mm?)

Control

55-power
Dietary groups

Fig. 5. Numbers of osteoclast cells in rib-fractured rats supplemented
with different fraction of safilower seed. Each values are expressed as
a mean t 5.E(n = 6) The numbers were counted under 400 mag-
nification of light microscope. *p < 0.01 significantly different from
control group.
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Fig. 6. Histological profiles of bone structure at the 20th day after rib-fracture(Masson's trichrome stain, x 150). CA Hyaline cartilage, CT-
Connective tissue, TB. Trabecular bone A Control group, B. 55-powder group, C: 55-EtOH group, D 55-H:O group.

Fig. 7. Dhstribution of osteoclast cell of bane structure al the 20th day after rib-fracture{Hemaloxylin-eosin stain, X 300). CA Hyaline car-
tilage, CT: Connective tissue, TB: Trabecular bone, Arrow  Osteoclast cell. A Control group, B 55-powder group, C: 85-EtOH group, D-
55-HC group.
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