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Abstract

This study was carried out to investigate the effects of diet of Korean safflower(Carthamus
tinctorious L.) seed powder on bone tissue during the recovery of rib—fracture in rats. Male Sprague—
Dawley rats of 10 weeks old, weighing 370+5g, were divided into two groups including the control
group(C group, AIN-76 semipurified diet) and safflower seed group(S group, AIN-76 semipurified
diet +10% safflower seed powder) and were fed experimental diets for 12 days after adaptation period.
After this period, the 9th rigth rib was fractured surgically and sham-operation was also performed.
Rats were fed with experimental diets for up to 30 more days after rib-fracture. The degree of bone
repair was evaluated during the recovery period at the 8th, 11th, 16th, 2ist, 30th days after the
surgical operation by microscopic observation of the fractured rib tissue. In callus formation, the
portion of hyaline cartilage was noticably higher in S group than C group. The intracartilagenous
ossification was observed at the 8th day in S group, but at 11th day in C group. The intramembranous
ossification in callus was widely found over the 8th day to the 11th day in S group, but it was shown
over the 11th day to the 16th day in C group. Bone resorption was also occured more rapidly in:S group.
as indicated by lirge numbers of osteoclasts observed. At the 30th day, most of trabecular bones
were disappeared in S group, whereas still shown in C group over wide ranges of fractured ribs.
These results imply that the supplementation of Korean safflower seed powder influences in the
recovery of bone fracture by accelerating the process of bone repair.
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Table 1. Experimental design for the effect of diet of
safflower seed powder on repairing from rib

fracture
Duration of animal Safflower  Sham-
. . Control .
experiment after rib (n'=30) seed operation
fracture (days) (n=30) (n=7)
8 Cl (@ SING)) -
11 c2 (M S2 (6) -
16 C3 (6) S3 (7) -
21 C4 (7) S4 (6) -
30 C5 (6) S5 (6) Sham(7)

YNumber of animals

Ci~Cs Control group, Si~Ss: Safflower group
C1,5y° 8th day after rib—fracture, C,,S2: 11th day
C3,93 16th day, C4Ss 21th day, Cs5Ss 30th day
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Table 2. Compositions(%) of experimental diets fed
to rib-fractured animals

Safflower seed

Ingredients Control diet powdered diet
Casein 20.0 18.15
Safflower seed powder 0.0 10.0
D,L-methionine 0.3 0.3
Corn starch 15.0 14.25
Sucrose 50.0 47.45
Cellulose 5.0 2.43
Corn oil 50 2.72
Mineral mix" 35 35
Vitamin mix” 1.0 1.0
Choline bitartrate 0.2 0.2

" AIN mineral mixture 76(American Institute of Nutrition.
Report of the AIN Ad Hoc Committee on standards for
nutritional studies. J. Nutr. 107 : 1340-1348, 1977) contained
(in g/kg mixture) calcium phosphate, dibasic 500.0; sodium
chloride, 74.0; potassium citrate, monohydrate, 220.0; po-
tassium sulfate, 52.0; magesium oxide, 24.0; manganous
carbonate, 3.5; ferric citrate, 6.0; zinc carbonate, 1.6;
cupric carbonate, 0.3; potassium iodate, 0.01; sodium
selenite, 0.01; chromium potassium sulfate, 0.55; sucrose,
finely powdered, 118.03

PAIN vitamin mixture 76-A contained(in g/kg mixture):
thiamin HCI, 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 B-12), 0.001;
retinyl palmitate premix, 0.8; DL-alpha tocopheryl acetate,
premix, 20; cholecalciferol(vitamin Ds), 0.0025; menaq-
uinone(vitamin K), 0.05; antioxidant, 0.01; sucrose, finely
powdered, 972.8
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Table 3. Food intakes and weight gains in rib-fract-
ured rats fed with the experimental diets for
various period

Duration of animal Food Weight gains

: T (g/day)

O O reldve) (s dorng bone
repair
C1 8 222+117  -43+04
S1 8 237+15  -104*14
c2 11 21.6£09 200+2.2
S2 11 229+1.3 165+15
C3 16 227+0.8 377125
S3 16 229+1.0 462+35
c4 21 19814 442+27
S4 21 21.2+1.1 51.8+3.1
C5 30 21.9+1.0 535+33
S5 30 22709 595+25
Sham 30 229+1.1 70.0+2.1

"Mean+S.D.

Refer the legend of Table 1 for other mformatmn
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Fig. 1. Photographs of the 9th right fractured rib in rats
fed control(C) and safflower diet(S)
C1,51: after 8th day; C2,52: after 11th day; C3,S3: after
16th day; C4,54: after 21th day; C5,S5: after 30th day;
Sh: sham-operated rat
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Fig. 2. A longitudinal section photomicrograph of the
9th right rib in sham-operated rat fed control
diet showing compact bone(CB) and medullary
cavity(M).

1: Hematoxylin-eosin stain, X100
2: Masson's trichrome stain, X100

Fig. 3. Photomicrograph of fractured rib in rats fed
control(C) and safflower diet(S) at the 8th day
after operation showing connective tissue(CO,
collagen), fracture line(FL), hyaline cartilage
(CA) and intramembraneous ossification{opened
arrow).

1: C1 group, Masson’s trichrome stain, X100
2: C1 group, Hematoxylin-eosin stain, *200
3t S1 group, Masson's trichrome stain, X40
4: S1 group, Hematoxylin-eosin stain, X200
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Fig. 4. Photomicrograph of fractured rib in rats fed
control(C) and safflower diet(S) at the 11th day
after operation showing connective tissue(CO,
collagen), hyaline cartilage(CA), trabecular bone
(TB), intramembranous ossification(opened ar-
row) and osteoclast cell(arrow).

1: C2 group, Hematoxylin-eosin stain, X100

2: C2 group, Masson'’s trichrome stain, X200
3. S2 group, Hematoxylin—eosin stain, X200
4: S2 group, Masson'’s trichrome stain, X200
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Fig. 5. Photomicrograph of fractured rib in rats fed
control(C) and safflower diet{S) at the 16th day
after operation showing hyaline cartilage(CA),
trabecular bone(TB), compact bone(CB) and
intracartilagenous ossification(star mark).

1: C3 group, Masson’s trichrome stain, X100
2: 83 group, Masson'’s trichrome stain, X100
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Fig. 6. Photomicrograph of fractured rib in rats fed
control(C) and safflower diet(S) at the 21th day
after operation showing hyaline cartilage(CA),
trabecular bone(TB), fracture line(FL), intrac—
artilagenous ossification(star mark) and osteo-
clast cell{arrow).

1: C4 group, Hematoxylin—eosin stain, X100
2: C4 group, Masson’s trichrome stain, X100
3 S4 group, Hematoxylin—eosin stain, X100

4: 4 group, Masson’s trichrome stain, X100

5534 BF FxAd viAe 9% 703

Fig. 7. Photomicrograph of fractured rib in rats fed
control(C) and safflower diet(S) at the 30th day
after operation showing compact bone(CB), tra-
becular bone(TB), medullary cavity(M) and in-
tracartilagenous ossification(star mark).

1: C5 group, Masson's trichrome stain, x40
2. S5 group, Masson’s trichrome stain, X40
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