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ABSTRACT

This study examined the effect of various types of exercise on bone formation and resorption in rat. Five-week-old male Sprague-
Daweley rats were randomly assigned to one of four groups with 10 animals in each: Control, Treadmill, Swimming, Resistance.
The exercise regimen consisted of treadmill ranning at 25m,/min, 1 hr per day, 5 days a week, and swimming for 1 hr per day, 5
days a week. Resistant exercise type with weight-bearing was designed to extend lower and upper extremities in order to feed the
diet and water. Food intake showed no significant difference among groups but body weight gain and food efficiency were
significantly increased in Control group as compared with exercise groups. Femur and tibia length and weight were higher in
Control group and the density of them tended to be higher in exercise groups than Control group, but this difference was not
statistically significant. The breaking force of femur was the highest in Swimming group and tbia was the highest in Resistance
group among groups, while there was no significant difference among the exercise groups. The calcium content of femur was
significantly increased in Resistance group than the other groups. Calcium intake and urinary calcium showed no significant
difference among groups, while calcium absorption and retention were significantly higher in exercise group than Control group. In-
conclusion, exercise training enhanced bone formation due to the positive effect on metabolism of calcium and bone which were
different according to the types of exercise. (Korean J Nutrition 34(5) : 541~546, 2001)
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design) o2 ¢ 9 10vte]y 4722 B7/35 Resis-
tance exercise?™ 53] I¢HY resistance exercise
caged], 22]x UYu=] AHFEL stainless-steel wire
caged] & vil¥ Bado] 13570 A3t AEEE
AGd §FLE 2523+ 1T, §5 65 = 5%, 231 ¥
< 122417 F7]12(ight: 7:00~19: 00) AF FAHES
34ich, 2o)E purina ¥ & ALEE AHEEE o Yol
g AT A Fstgen, B8 Fagles xH
FA5) A2 viF 13] AT Al S5

2. 254
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Motor treadmill{Jung Do Co., Korea)& ©|-&3} 1
Fo| 5943 AN Treadmills] H-2-S $iste 4
Y AL 177 £E 5m/minZ 108, 2534 £5 10
m/minZ 10%, 354 4472 £% 10m/min= 158, 3
g7He £% 15m/min= 308, 454 £% 15m/min®
40%, 554 4% 20m/min, Al 50822 3FEEY
A7 A2 S8l oW AY 63N A% FaAH 7
221e £E 2%5m/minZ 6054 $5-& AN ST

2) Swimming

8o 2%F 35 £ 2U7% RAHEE sl on Y929
ol 50cm= # vHEF 9 WAL 960cm™IAt. &
ol g 432 93t 4y 1730 1083 798 44
ey o] ¥ 557HA] ulF $FAME 1087 714
Ao, 49 654 FH 48 FE7A TR 6080Y
15del 597t A8

3) Resistant exercise

otgrie]e} MFE A FAe 317 NAE el
Yol & g A Z¢ST &, olZ8 L AR 150
X 250 X 500mm 3719 cageS WHEo] AlES} B& A}
2HH A Gl Fol HEE 5l resistant exercise®
ArEHorn AYo] AgggPel njet APT Y 4F4& 2
89 lem¥ cage ¥°1€ Z7MAT. 48 AF A ca-
ge®] 2ol 26.5cmelom A¥ F8 Al 31.5cm7HA F
7N A

I NEME R BYYH

1) NEsY

WA3h2E ethyl ethers PFAlZl & B5 Suye
A3 3,000rpm, 4TNA 2027 94 BEst] A
£ don B4 AAA -80TAM IF Basiyd &
B AH F AHEFTES] 927 2829 femurs} tibiag
427} A& sl W2 Batso] Qe 2%, ), A% 5
& AP AAT F TAS ZolE SAHINEY. W P
Instron(Instron Universal Testing Instrument, Mo~
del 1000, cross head speed: 50mm/min, chart spe-
ed: 200mm/min, max. force of the load cell: 50kg) S
o] g3l Zo| FARH NN dAsA HHAeH, FH
g & Y e 2 (freeze-dryer: USAYSY A2FASE 53
3l W& 550~600TC 332l 843 2 3l3e] A
AL8-3191 T},

ot ¥& A8 T8 A 24z e S A
€ 53313, =& 5,000rpm, 4ToA] 2083 f4#e @
F 43 AL et YRS e Be YF
28 At B4 #Hell 105 + 5T ovendllA AZAIA
Az FAE ® F 5500 232 543 3HAA 4
38} B¢ AbgstsTt

2) NEEY

3 carboxyterminal propeptide of type 1 proc
ollagen(P1CP) ¥ type 1 procollagen PICP RIA
kit(Orion Diagnostica, Finland)& AH-3l9 radio im-



munoassay(RIA)2 £t alkaline phosphatase
(ALP)9} 4L Kind-King ¥9H-& o] &4 kit(olikAl
hHE AMEE F439.

A D) Qe Fare uigsof 9)3l4 Hitachi 7600
110(Hitachi, Japan)22 FFTE SN BE &
23 < 283 w9 4% Td ¥ 0.5%(w/v) Lan-
thanum&4 o2 343t YAERHE A (Perkin Elm-
er, USA)Z 422.TnmollM S35 =% QA § o]
2 AASFZE A F Molybdovanadatef 0.2 ¥ A3
% 8}t & 10mlYl Molybdovanadate reagent 10ml
& 715t ALolA HAMZl F spectrophotometer
(Kontron, Italy)E AHE-8t4] 430nmeolM &Asct A
F 9] FF2 1T A7 FUF e 2y}

% deoxypyridinelin(DPD) &2 218 b Ay
=4l )@ competitive binding assayol €8] DPD
348 AoF ACS : 180 DPD(CHIRON Co., USA}E A}
g3t A

4, BN

£ A7 BE 494N 7 AYTEE YEA9 5 E
A2 Tt 4 Aged 97y Aol g £A4F
#9442 SAS program$ ol &3t Z AT HEFA 7
9] #e)d HFS $1%le ANOVAE Algslgen p <
0.05 +&°A Duncan’s multiple range test® AME7d
< 3.

Table 1. Food intake, weight gain and food efficiency"

Group Food intzke Weight gain FER”
Control 2319.27 = 0.76™° 25973 + 9.16° 0.11 + 0.00°
Treadmill ~ 2319.70 + 0.65 22319 = 11.67° 0.0 + 0.01°
Swimming 2320.44 + 0.57 191.41 = 6.53° 0.08 + 0.00°
Resistance 231893 + 1.34 22547 + 7.35° (.10 + 0.00°

1) Mean + SE(n = 10)
2) FER(Food Efficiency Ratio): weight gain(g)fiood intake(g)
3) N§: Not significant at p < 0.05 by Duncan's multiple range test

4) Values within a column with different superscripts are significan-

tly different at p < 0.05 by Duncan's multiple range test

Table 2. Length, weight and breaking force of femur
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Table 20 vebduts} o) &2 9 Lol Swimmi-
ngT# Resistancer o] Control@d)] v]ale §-2)3tA4 &
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Bt o] 8tA| Eskoi} $5AE 7ol H-2l3 Aolrt 9l
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T, Swimming?9] 2 e} qiES9 Holrl 2 F
< 32 FAE 2 AFE 29 A2FA E£F Control
o] 71 =& FAE v on SwimmingZ#e 9
& atolE vehIITh B9 AT ToR b me) e
FAE B8 Ax FANA AHZE el o Aol
e A ggtovt #e A9} Az FAS AR w0
Controlato] 7174 w7 Yeldrl W} 2= Controld
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" Wet weight” Dry weight Breaking force”

Group Length tcm) e (g/100g BW)_ @ {&/100g BW) (kg/g\n?et wt)
Control 3.98 + 001%™ 125 £ 0.02*  0.25 + 000" 0.84 + 0.02*° 0.7 + 0.00° 6.01 + 0.08°
Treadmill 3.96 + 0.01% 1.18 £ 0.02°  0.26 = 0.00 0.80 + 0.02* 0.8 = 0.00% 6.38 + 0.11°
Swimming 3.90 + 0.01° 1.14 £ 001° 027 = 001 078 £ 0.01° 019 + 0.00" 6.65 + 0.08°
Resistance 3.91 + 0.03" 116 + 0.02° 025 + 001 0.82 + 0.02% 0.8 + 0.00" 6.51 + 0.13*

1) Mean length of left and right femur
3) Mean breaking force of left and right femur

2) Mean weight of left and right femur
4) Mean + S.En = 10)

5) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range test

6) NS: Not significant at p < 0.05 by Duncan's multiple range test
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Table 3. Ash, calcium and phosphorus contents of femur

mingZ# Resistance 7ol B3l F9)31A 2 &5
kel 93 ol ISl Whe] AE FAIE HAET
ZHl F-2)F¢t abe]z) gl%101} Control#, Treadmill
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ole} Ax FA7 74 w9k SwimmingTe] 78 Rl
¢} 75 Resistancew, Swimmingt, TreadmillF,
Control? &£202 %9ko0 o3 Swimming@¥ Resis-
tancew& ControlTel vidte] frelFH o2 Eoic), A&d
Aol A 65 F< resistant exercise® A7 AP A
T A9 Zo)7t 5L 3 2 T st A Yt
woul AZe TR F AdIe FA9 AL Fe 24
7} ControlTdl vlgte] foFea £ 722 e} Re-
sistanceT ¢ A& Ao|7} ControlR o} Fol& o= gl
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Group Ash? Ca” P
(mg) (mg/g dry wi) {mg) {mg/g dry wi) {mg) {mg/g dry wi)
Control 291,97 + 640 34669 + 3.10° 183.86 + 5.27° 219.08 & 7.36° 83.27 + 3.10° 99.10 & 3.57°
Treadmi| 295.73 £ 4.96° 37097 + 1.45° 18001 + 3.50° 22581 % 274" 8945 £+ 2.79* 11195 £ 1.55°
Swimming  286.03 + 4.29" 367.54 £ 399° 17741 = 328° 22630  263°  86.03 + 2.16° 10967 % 1.74°
Resistance 32567 + 593° 399.45 + 3.12° 197,62 + 424° 24346 + 7.73° 98.13 £ 3.37° 12011 £ 2.63°

1) Mean ash of left and right femur
3) Mean phosphorus contents of left and right femur

2) Mean calcium contents of left and right femur
4) Mean X S.E(n = 10)

5) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range test

Table 4. Length, weight and breaking force of tibia

Wet weight” D ight i »
Group Length"(cm) et weig ry weig Breaking force
(i) (g/100g BW) (g {g/100g BW) (kg/gwet wi)
Control 441 + 0.02%" 094 + 002 0.9 % 0.00° 0.64 £ 0.01™ 0.3 + 0.00° 8.05 £ 0.15°
Treadmill 4.38 + 0.03* 0.89 + 0.0  0.20 + 0.00° 0.62 + 0.01 0.14 + 0.00* 843 + 0.14%
Swimming 4.29 + 0.01° 0.88 + 0.01° 0.21 £+ 0.00° 0.61 = 0.01 0.14 = 0.00° 8.55 + 0.12°
Resistance 431 + 002" 0.86 £ 0.02° 019 + 0,00° 0.61 + 0.02 0.13 * 0.00* 8.82 + 0.16°
1) Mean length of left and right tibia 2} Mean weight of left and right tibia
3) Mean breaking force of left and right tibia 4) Mean = S.E{n = 10)
5) Values within a column with different superscripts are significantly different at p <{ 0.05 by Duncan's multiple range test
6) NS: Not significant at p < 0.05 by Duncan's multiple range test
Table 5. Ash, calcium and phosphorus contents of tibia
Ash" Ca? )
Group
{mg) (mg/g dry wi) (mg)  (mpfg dry wi) (mg) (mg/g dry wi
Control 22543 + 6.36"™% 35105 £ 3.29° 13095 £ 4.01™  204.15 + 429" 5855 + 211" 9131 + 2.69°
Treadmill 23500 + 4.45° 379.44 + 2.58° 128.92 + 1.38 208.55 + 3.07 62.56 + 1.14 101.32 + 2.68™
Swimming 230,58 + 3.62° 377.82 + 2.23° 12715 = 2.69 208.30 + 3.51 6283 + 2.84 10277 + 414"
Resistance 24372 + 5.16° 398.67 + 2.64° 13255 + 5.1 216.72 + 5.66 66.06 + 2.74 108.05 + 3.60°

1) Mean ash of left and right tibia
3) Mean phosphorus contents of left and right tibia

2) Mean calcium contents of left and right tibia
4) Mean = S.E(n = 10)

5} Values within a column with different superscripts are significantly different at p <{ 0.05 by Duncan's multiple range test

6) NS: Not significant at p < 0.05 by Duncan's multiple range test
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Table 6. Calcium intake, calcium excretion and calcium retention

Group Ca intake Fecal Ca excretion Urinary Ca excretion Ca retentlion Apparent absorption
(mg/day) (mg/day) (mg/day) {(mg/day") Ca"(%)
Control 24041 £ 33470 206.23 + 1648 1.04 + 0.26™ 33.14 + 1552° 14.41 + 6.56°
Treadmill 24146 + 5.81 129.80 + 21.26" 075 £ 015 110.91 + 22.20° 45.97 + 8.74°
Swimming 22951 + 12.51 104.76 + 13.65° 070 + 0.10 124.05 + 21.57° 51.46 + 8.25°
Resistance 24767 + 5.05 13692 + 11.74° 1.35 £ 0.40 109.29 + 7.96° 4529 + 4.03°

1} Ca retention = Ca intake-fecal Ca excretion-urinary Ca excretion
2} Apparent absorption Ca = (Ca intake-fecal Ca excretion)/Ca intake X 100
4) NS: Not significant at p < 0.05 by Duncan's multiple range test
5) Values within a colurnn with different superscripts are significantly different at p < 0.05 by Duncan's multiple range test

3) Mean £ S.En = 10)

Table 7. Serum Ca concentration, ALP activity and P1CP, and urinary DPD concentration

Group Cafmg/di) ALP activity"(K-A unit) P1CP?{pg/) UrinaryDPD™(nmol/mmol Creatinine)
Control 9.60 + 0.28% 2068 + 3.27™ 19.13 + 042 21083 * 15.64™"
Treadmill 9.30 + 0.34° 2416 + 191 18.66 £ 0.56 201.41 £ 12.73
Swirnming 8.49 + 0.14° 2484 +£1.39 1846 + 0.48 216.41 + 43.86
Resistance 8.69 + 0.23° 2538 + 2.37 19.11 £ 048 156,14 = 9.76

1) ALP means alkaline phosphatase 2) P1CP means carboxyterminal propeptide of type 1 procollagen
3) DPD means deoxypyridinoline 4) Mean + SEfn = 10)
5) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range test

6) NS: Not significant at p < 0.05 by Duncan's multiple range test
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