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ABSTRACT

This study was carried out to investigate the effects of Korean safflower(Carthamus. tinctorious
L.) seed powder supplementation on bone metabolism during the recovery of rib-fracture
induced by surgical operaton in rats. Male Sprague-Dawley rats of 10 weeks old, weighing-
370+5g,  were divided into two groups after arrival : the control group(C group, AIN-76
semifurified diet) and safflower seed group(S group, AIN-76 semifurified diet+-10% safflower
seed powder). They were fed experimental diets for 12 days before the rib fracture operation
and for 30 more days after the operation. A number 9 rib was fractured surgically and sham-
operation was also performed. After the rib-fracture operation, rats were sacrificed on the 8th,
11ch, 16th, 21st, and 30th day, respectively. The body weights were decreased on the 8th day
after operation in both groups but recovered gradually thereafter. The fractured sections of the
S group were more strongly adhered and more rapidly repaired than those of C group. Effects
of safflower seed powder supplementation on indices of bone metabolism during the repairing
of rib-fracture can be summarized as following. There were no differences between C and S
group. In the levels of PTH and calcitonin, which regulate the concentration of plasma calcium.
However, PTH level on the 8th day was significantly higher than that on the 16th day in
control group. There were also no differences between groups or within groups in the levels of
calcitonin. Osteocalcin levels, one of the bone-formation indices, were similar in two groups.
Activities of total-ALP in plasma were highest at the 8th day in both groups and decreased
thereafter, except on the 30th day in control group. The activities of bone-specific ALP that is
directly related to bone calcification, showed higher levels in the S group than in the C group

A - 1998 7€ 159
*This study was supported by a grant from Woori Safflower Seed Farmer's Association in 1997.

© 1998 The Korean Nutrition Society

AlHCHstn | 1P: 114.71.4.120 | Accessed 2016/07/12 09:56(KST)



1050/ -34% RZAo]7F BHALR| ol vl A= o 3F

throughout the experimental period. They were significantly increased in the S group on the
11th, 16th, and 21st days. In comparisons of plasma calcium and phosphate levels, Ca levels
were tended to be lower in the S group than in the C group and P levels showed the opposite
trend. It seems that the fractured ribs were more rapidly repaired in rats supplemented with
safflower seed powder than in control rats, possibly due to stimulation of bone calcification
from increased activity of bone-specific ALP. (Korean J Nutrition 31(6) : 1049~1056, 1998)
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Table 1. Experimental design for the effect of safflower
seed powdered diet on repairing the rib frac-

w2 % 8 & 35 31(6) ¢ 1049~1056, 1998 /1051

Table 2. Diet compositions of the control diet and saf-
flower seed powdered diet fed to rib-fractured

ture in rats rats

Durat.ion of anim,:al Safflower Sham- Ingredients Control diet(%) Safflower §eed
experiment after rib  Control . powered diet(%)

fracture(days) seed Operation Casein 20.0 18.15

8 c1 @ 515 - Safflower seed - 10. 0

11 C2 (7) S2 (6) - D, L-methionine 03 0.3

16 C3 (6) S3 (6) - Corn starch 15.0 14.25

21 C4 (7) 54 (5) - Sucrose 50.0 47.45

30 C5 (6) S5 6)  Sham (7) Cellulose 5.0 243

1) Number of animals Corn oil 5.0 2.72

Mineral mix"” 3.5 3.5

AISIX Ol Ht Vitamin mix? 1.0 1.0

=d “E = oﬂ Choline bitartrate 0.2 0.2

1. $8M 229 1Y

EF T3 4T oA 2331 dEdl
A AFE NEE AT s3E NS A4
Mdste] AHst 160~180TAAM 15~2083F 7&
F 20mesholatz E4F AIRE AHESHATE 3K
Mg gt JEEAZL 78] 52%, 1FEl 94.8
%BL, LBE T AT, =99, AL, dEE
e 7247 2.9, 184, 22.9, 50.6%AoH, HstE
% BAo] 25.2%, Arart 254% 2 EAEHAT

2. @Al 9 AN

AFo] ¢k 370g9! Sprague-Dawley 1058 54 #
65712l S =it raRRE FYsle 797 1y
AEE AL 7] F Table 13 2] FAE 2719] o)
(A F, ZakelF) o' o] Table 29 2
o|24-& 7%l A4 o(AIN-76 semipurified diet)
o} 10% ST 2012 747) 1297 ARAIE
b £ Ao|e] HojzAde T3 Eoe dugdE
Z4& FNZ o] F T 2ole] FdaUEs} TYs)
22 gisqlnh Aol 13946 el o3t
F44L fEsded, 1 $9e AFEEA 24
Aol HIE] dojue 5FE AU wiEAIRL
ketamine HCI(#343)S AlF 1kg B 7omge] &
Fo g ZHEFAR & JMEuRe] 25 HAHFO
2 7jEsl] 92 ) o 53L& &4 UeE AEn
FAHE Sotoz A T etz B
Sham-operation 28 71814 81 7Ha599
NEEtt gt} T2 49%8 § 207
F gzt 2ERE § 4840lg Foid 3047
9] AM§7|7to] FEEE 5 Table 29 7o) F4%
8. 11, 16, 21 ¥ 30¥A H& F Z Ao[Z oK E]
4~TulEle} FEE AR Musiy 77 FAsin

1) AIN mineral mixture 76(American Institute of Nu-
trition. Report of the AIN Ad Hoc Committee on stan-
dards for nutritional studies. ). Nutr. 107 : 1340-1348,
1977) contained(in g/kg mixture) calcium phosphate,
dibasic 500.0 : sodium chloride, 74.0 : potassium
citrate,monohydrate, 220.0 ; potassium sulfate 52.0 ;
magesium oxide 24.0 ; manganous carbonate 3.5 .
ferric citrate 6.0 ; zinc carbonate, 1.6 cupric car-
bonate 0.3 : potassium iodate 0.07 : sodium selenite,
0.01 ; chromium potassium sulfate, 0.55 : sucrose,
finely powdered 118.03.

2) AIN vitamin mixture 76-A contained(in g/kg mixture) :
thiamin HCIl, 0.6 : riboflavin, 0.6 ; pyridoxine HCl, 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 : cholecal-
ciferol{vitamin D), 0.0025 : menaquinone(vitamin K),
0.05 ; antioxidant, 0.01 ; sucrose, finely powdered,
972.8.

#slgrt. & sham-operation™& =273
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Table 3. Food intakes and body weight gains in rib-frac-
tured rats fed the control and safflower seed

Table 4. Organ weights in rats fed the control and saf-
flower seed diets for various periods

powdered diets for various periods Groups Liver(g) Heart(g) Kidney(g)
Duration of Body Weight C1 16.72+2.28" 1234006  3.06+0.06
Groups animal Food intakes  gains during C2 14594143 1194007 = 3.14%007
experiment after  (g/day) bone repair C3 15134150 1274009  3.09+0.09
rib fracture(days) (gday) C4 12664147 1404016 2941016
S g ;;if:; :?if?j C5  1423%1.95 1274002  2.93+0.12
= . TeTos 72 St 17644280 1.26+0.10  3.32+0.10
5 ” 220513 oi1s $2 14894135 1254012  3.05+0.12
& = T PR $3 14794233 1334007  3.28+0.07
5 e 720110 i S4 13024108  1.32£0.11  3.19+0.11
e o2 S5 15964290 129+0.18  3.26+0.18
(s:: ;: ;?gf:? ;;f;: Sham  17.13%£3.31 135£0.14  3.19+0.14
et ollantll 1) Mean=+5.D
cs5 30 219+1.0 19£33
$5 30 22.7+0.9 20%25 ofgk AF3rart EEH o HYANE = oA AT
Sham 30 229+1.1 23421 o] Z7}59c}. Sham-operationi-e] AZEZ74o] =
1) Mean+S.D

ALP £44& kit& 717} AMgstd E4FEYe=E &
Atk % PTH &% calcitonin 52 Z+z}
HAEM WS 283 INTACT PTH kit(Nichols In-
stitute Diagnostics. U.S.A)¢} Calcitonin Double
Antibody kit(Diagnostic Products Corporation, U.
S.A)E ol8slRe, FHY4 842 Gamma Cou-
nter2 £33t Bone-ALP 84 %= B-ALP AL-
KPASE-B™ kit(Metro Bio systems Inc, US.AE
o] &3t HAYRAY o2 SAHNUL, £ B oste-
ocalcin FEZH = two-site 1mmunorad10metrlc
assay2 ©]£3F Human Osteocalcin kit(Nichols
Institute Diagnostics and Immutopics, Inc. U.S.

A)7H AR E A

4. 3N X BN

EAAglE SPSS packageg o83t 2 ¥ilwlct
Hiag EFLAE F3A, Students t-testZ F 2
o]zte] z} ol tigt xtol& ¥AI8LIL, one-way
ANOVA 4oz Fdzuo 7 Bl gigh ztol&
] skt

d4 2 9

1. NOENG, £2 ¥ NEF IR 2 TUF
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A = F 29 09 AR 1A
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S i
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& HE UL Wyt A PAHEE Z3Hossification)
GAE AA @A Fge] o|Folxict 2™ F o
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Table 5. Changes of the plasma parathyroid hormone
and calcitonin levels in rats fed the control and
safflower seed diets for various periods

Groups  Parathyroid hormone{pg/ml)  Calcitonin(pg/ni)
C1 4.00+0.89"" 31.40+3.66"
C2 3.254+0.26" 32.88+5.93
C3 2.5440.16° 33.03+5.79
C4 2.754+0.18* 29.00+3.36
C5 3.01+037* 35.20+7.55
1 2.59+0.08™” 29.55+4.00™
S2 2.80+0.18"™ 40.18+7.57"™
S3 2444017 33.40+6.29"
S4 2.871+0.26™ 43.44+9.03"
S5 2.64+0.17" 35.104+9.62"

Sham 2.87+0.76 42891262

1) Different letters indicate significant differences(p <0.
05) within the control or safflower seed group

2) Each values are expressed as a mean=+S.E.

3) NS : Not significant between control and safflower
seed group

WS %845 31(6) : 1049-1056, 1998 /1053
ZHA.
3. @ofof sy N RE

1) 8% parathyroid hormone(PTH)2} calcitonin &5k

83 g5t AR R ZaEAS o FFF
g £7AA dFo2 AEs FHUsh=s PTHS PTH
243 AHHEE 7)5E 7H calcitonin®] 5%
T & Table 59 HeRAADh. PTH & dzv3 &
SR BT FAFQL Zolrt fa, 24 F 8UA
A8 Crievte] 4 ¥ 1694 sAE C3 vl
=7 Jelg 24 2% gizFe PTH ¥ul7t 2435
7)ol Bl8) A5 ARASE &+ A} F cal-
citonin® Few F 2loje) 7| it ohet &
Y HmoM = FoF Aol AR FIHE
o] Rl vish 4t ®& ZHgo|Urt. Sham-
operation?] Y TEE FEE ol F 71} vl
& i TR o] BAH 22 sham-operationd
o 7kdch. Calcitonin®) A2}% 7152 ofal %= ¢
3] GEAA A B dgn 9 FEE A
FEOB YR i) g?, 53] 8% AEsEI)
& 9 calcitonin® #H|7F F7HEE oz A
tH? PTHY 715 calcitonin®} Z&3o2 =&
st 83 AgrEol o 1 Rulrt Z7tEY 3
ER3E Ao BiaHY
o 2to] ZN R vis| PTH 52 47t
E2 AeS VERA 9hE calcitonin 8L A B
A ol FENETY HFo] WA #AAéde
Sy o= ooff thgh EldFel aHr)

o o

Table 6. Changes of the osteocalcin levels and activities of the bone specific alkaline phosphatase and total alkaline
phosphatase in plasma of rats fed the control and safflower seed diets for various periods

Groups Osteocalcin{ng/ml)

Bone specific alkaline

Total alkaline

phosphatase(U/L) phosphatase(K-A)
C1 0.29+0.01" 0.37+0.03™ 37.22+5.11°
C2 0.29+0.01 0.32+0.01° 26.7542.46°
C3 0.2640.01 0.34+0.03" 25.89+3.01°
C4 0.31+0.04 0.30+0.04° 20.79+1.63°
c5 0.26+0.01 0.45+0.05° 28.40+2.08™
S1 0.254+0.01™ 0.45+0.06 33.06+6.47""
S2 0.27+0.01"™ 0.45+0.05** 19.76 +2.17°%
S3 0.26+0.01% 0.56£0.04* 20.354+0.93""
S4 0.29+0.01" 0.43+0.03* 16.79+1.19"
S5 0.27+0.02" 0.54+0.04 23.88+1.55"
Sham 0.284+0.03 0.57+0.11 20.05+2.60

1) Each values are expressed as a mean=*S.E.

2) Different letters indicate significant differences(p </0.05) within the control or safflower seed group.
3) NS : Not significant between control and safflower seed group
4) *symbol indicates significant differences{p <0.05) between the control and safflower seed group(C1 : S1, C2 : 52, C3 :

S3, C4 : 54, and C5 : S5)
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2) 8% osteocalcin &k, total alkaline phospha-
tase(total-ALP) YT R bone-specific alka-
line phosphatase(bone-ALP) 2Y &

Table 6°] UENG ¥}k Zo], FPHAR F9 dh}
Q) &% osteocalcin FEE F T4 Ao Y& &
Fo2 Yel, 52 AFANA AA T nre
o)k A3 HolA Tt BA total-ALP BXEE
T AolEzt fedor daxA ggroy, F Aol
E5oA 24 ¥ 84A 1 FF°] 7 B34t ol
Az FHRSY GAo[ZeErt FaH O T
Z714 S 9| =% 9o} bone-ALP 4% W3
oh= UXBkA| Gttt We) A 38 A S A3 AR
ER31= bone-ALP 34 EE F4o] AfEs B¢
M RETFo] ANHoR e HHE FAGAL

o =23 34 F 1194, 1694 28)x 21950
)z 3 ¥a) o) o2 =4 Uehdt},
ZRATY 9 45 osteocalcine Mol Sl
s

A& Grhsln B84 ARE 2ARe 2P8A4ER
AFEHEG® dm" o2 A osteocalcin®] FE-E
Aelrc} fol @ olojEo] Y HA7] o] Fol= F7}
AP w2k 528 4% 3EE Vit D, B3¢
A sERFE7 2715 84 osteocalcin®] FF
o] Z7lEE Zoz RuyYR?. dF ALPe o
50 WEEE §EHBE total-ALP 4= W
o uAF giApAsE FAHeZ vyl nE
& ol qlt}h, waEkA total-ALP BAE 7t tigh
AFA 49E FHsk=tE @ gol 2k o] &
49 e 2% 9o dedt Z8Hmineraliza-
tion) oPdel S F71E 4 3i7) WiEoltt. a8l
U woA 529 bone-ALPol EolatA whg-a}
= 34 kit7h AL Eo] bone~ALP A %0t A 3kslA
Ase ol skl HAUTH?®. Bone-ALPY)
g gutd oz Gy} AzlET gon, oAdA
= FUAE Ao E71EE HAH 7ol F ForE”. W
o) BojAog AL T4 bone-ALPE #2Q] 4
35E 8k 228 TYAANEEA o] B4 &
AEE 8% osteocalcin =9 EHHoZ A8 &
T . BAA] 0|5 X F Wl gEiMe T
g ido] gt a o) bone-ALPS osteoca-
Pt R usey? B ayAn
dME FIELTY bone-ALP Y& 5ol o
279 vj8) 52 AH2 FAEAR, total-ALP A
E 528 F9AL PRI dE2FAA EA YEd A

et

l'

Table 7. Concentrations of the plasma protein, calcium
and phosphorus in rats fed control and saf-
flower seed diets for various periods

Groups  Calcium(mg/dl) Phosphate(mg/dl) Ca/P ratio
C1 8.82+£0.40°" 7.70+0.44® 115
2 10.56+0.41° 7.10+£0.47° 1.55
C3 10.97+0.59° 7.74+093" 147
C4 10.58+0.31° 6.84+0.39° 1.64
Cs 8.64+0.49° 8.91+0.55° 0.93
S1 9.07 +0.44" 7.61+0.317" 1.19
S2 8.41+0.36%"  895+091™ 0.94
S3 8.65+0.59* 8.46+0.31" 1.02
S4 9.68+0.37 8.12+1.19™ 1.09
S5 8.75+0.73 7.57+0.59" 1.12

Sham 8.94+0.81 8.91+1.44 1.00

1) Different letters indicate significant differences(p<0.
05) within the control or safflower seed group.

2) Each values are expressed as a mean+S.E.

3) *symbol indicates significant differences(p <0.05)
between the control and safflower seed group (C1 : S
1,C2:52,C3:53,C4: 54, and C5 : S5)

**symbol indicates significant differences(p <0.01)
between the control and safflower seed group (C1 : S1,
C2:52,C3:53,C4:54, and C5 : S5)

4) NS : Not significant between control and safflower

seed group
2 29t} Bone-ALP 84 %7} SHAH7] wel A
P FIARDENN £ FEOE FATHE RO
2 Hol s ET] R3] THES 9 M3ty
& A2 Aoz Algd

3) g% &L 2 B
g% 2w 99 FEE Table 79 YeRAAT. ©]
FES ARFPA F 2L 72 g9 dxd
SN ELTIL vlwo A ZgeEnte] 34 ¥ 114
B} 16940 TR ETato] lzwtel) HE £-2)%
o2 vt AdHelg Fog Y FasEs
T4 2719 A7 H48E ClZ3 Chtol At
F710l 3AE C2. C3, ¥ C4TEET Fojgor
A vebgth, fizey 82 71 sE8 38 F 4
7o) w2 PEg wske QAT 24 ¥ 1644
o} 21 A C29f Cawro] HF SAE CHFBEY
FrostA Wkt

F AgsEe WA, o4 gl disf Fe4EE
FAGERZ 4¥2UAg HANARE BFEEE BHE
ARGl Aok, B APl A% gizTe] g4 2
FEEE TIH Aol ALk olF T WMF vlE
%] Ca/P ratiot 3R EET(0.94~1.19)°] sham-
operation®¢] 1.007} v|%3 H]&S HYom, iz

oot it
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Table 8. Correlation coefficients between parameters of bone metabolism in rib-fractured rats fed control and safflower

seed diets
Parameters in plasma
ALP" Bone-ALP”  Qsteocalcin _Calcitonin PTH? Ca’ p¥ Ca/P ratio
ALP -
Bone—-ALP | -0.1828 -
Osteocalcin| -0.1974 -0.1721 -
Calcitonin -0.1932 -0.1361 0.0074 -
PTH 0.0519 -0.2006 0.3193* 0.1169 -
Ca 0.0123 -0.3343*  0.0413 0.0495 0.0798 -
P -0.0160 0.2989* 0.0508 ~0.2605 -0.1146 -0.2355 -
Ca/P ratio 0.2965 -0.4313 -0.2480 -0.3255 0.2522 0.6940* -0.5293 -
1) ALP : alkaline phosphatase 2) Bone-ALP : bone-specific alkaline phosphatase
3) PTH : parathyroid hormone 4) Ca : calcium
5) P : phosphate 6) *p<0.05
T(0.93~1.64)2 djdog =& HE&L Uyt o
WHoe FWASANA 89 Bt ¥od 2 y =
47t pAIA, 8 AFET} JISFRG BO
W BE57L BAEH BAC BPYE BRGT B AYS £ PEOR S32UL GET 97
Haug v o, AA Pt EF FINETE BESAS o $3K
Hro] ZAA AN AWE) FUAIR Fofl 1]
A DCHALAIIT Q] Arnpa
4) B3 SAANERA AT = 932 2Akua AREL HojTe B4el
AT G AAHeR wA vud L S5 T v et
- o - " Z F9J8 &3 (Control group) @ 10% E-3}4 2t
bone-ALP 24 Table 89 2ol 9% Zaskst , _ o 5 27 (Safflower group) L2 Y-
. - =2 d pad a1l e L
2o BRBA(r=-03343, p<O.05)E, aFL FF o N o
JIIC eI 8 CREA—0.2989. p<D = wgEs Foale) oogd AEE vasidth $4

£ Yot ol FaA T 89 AasEe
Ca/P ¥&o] iz u]3)] ¥ Ae s a4
3} FEo] Qe Aoz Helh dzyME FFE
AEE FE Y Ca FF0] TRELTFEY =2
A= B8 bone-ALP A Ee 74z <l
3 Fe& ool AdEE Ao AlRET ol 8%
F719 5L Zhet #HEE Ao E Holn, bone-
ALP B X+ total-ALP A %0 w8 v]A3 =4
A7A wredd = Q1+ bone turnover marker® ¥
7hE), gk PTHeN 844K F9 sl osteo-
calcin EEIE &of 4a#A(r=0.3193, p<0.05)
g ¥d o|E TR Wz e ol f89) os-
teocalcin A/dol &Alo F7HEAE 7FeAE ot
olo] thgk FAHQ F&4go] a7H,

o}’ AxjolA] RS nle} o] FAF FFH A
ZHHBELS 10% FEo2 A4 Hold BEIYS
W ZFHo F& 2 A7)tz v)s) w2 doj
wom bone-ALP 4% $F5 oz vl&) $3}
A oA =A Jelhd FEgE B T3 Bge
3ol AR wMPH A H3saAgE F3
AA SAFHE Bzl Aoz g

Sprague-Dawley (% : 370+5g) FHSNA Foi¥
Agole FHSye A 1293y ZAdSFE 3 7)1
2 Ho 3043 S5 .
T T o 19 Aol4dFHFHE 2E FollA k3]
R, AFS £ 3 894 F & 2F AT A
Ao} 11YARE = JAENE 20} g4 & 2+ &
719] Z%FL 2T Faaitl #§ zlo)7t gle
H 7lE2 8UA oln] FRA A At F3H
o] FAHAH &4 W= aFME F 2 1
Fol A 8UA B 1194 =l 2F STPeuo]
5o ET4 3o o3 A 2E=AL, 1 FHE
= SEHEETY Hdio] dzFrg F9 s
e Ae B2 4 UG 4 AEeed 24
5 28 Z PTH# calcitonin %2 8laolA,
PTH &2 tlzaty TR ELFE 2Jo)7t ¢l
O R oA 523 8YA 5] 1694

of ¥[3f Fojygo= A epdrt Calcitonin +F
A 7 R U Aolrt fle Al Jephdth ¥
AR E F9 34 3 osteocalcin FEE F woll
A AY FY FELE YEIYa, dFes Eng
total-alkaline phosphatase 84 x= F &+ 2%

L
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A 5 8UA FFEo] M whom 1 Aol IR
o} o] AM3jglnHe] Fo]xoz 2435 bone-
specific alkaline phosphatase 84 %E 24X)§ 7]
7Het TN EDFol AAHeE L AHUE §A
d¥oen, 53] 24 & 1195, 1694, 281 219
Aol 2ol Hl8] fH oz A vehdtt 2%
e TH F 1694 FaRETTo] dzTol
uls] oy o vekm, 3 #7190 Fhs #7kAo]
7} et AAHQ] Ca/P ratios TAATF(0.94~
1.19)9} sham-operationi*(1.00)3} H]53 ¥ &8 B
don dz7(0.93~1.64)2 AfFow L uLe
B} o)de] Aol A bone-specific alkaline ph-
osphatase A% 4-Fo| FAxH7} w2A 3%
TINETTA AAHOZE A ePt Aoz B
of R EE HEo] THNYY Mgy e &
AAA 24799 wENS =rgozy a1 4ge
w2 & Aes Algdn)
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