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Effect of Running on Bone Metabolism
and Composition in Young Male Adult Rats

Faung-Ching Liu

ABSTRACT
- The purpose of this experiment was to determine the effects of ex-
ercise on the bone metabolism of selected axial and appendicular bones



of young adult rats. 50 male Fischer 344rats(7-week-old) were divided
into four groups for two-week or four-week exercise(E2, E4) and
matched controls(C2, C4) respectively. Exercise consisted of treadmill
running for 1 hr/day, 6 days/wk at speed of 20 m/min. and 6° inclina-
tion.

After these rats were scarificed their appendicular bones and lumbar
vertebrae were excised, cleaned, and weighed. Blood was collected. The
ALPase and Tr-ACPase of bone and serum were determined spectropho-
tometrically. Hydrolysates of bone powder were measured for total cal-
cium content and hydroxyproline concentration.

Bone weight, the total calcium content and ALPase of radius/ulna in
E4 group were significantly greater than control group. These lumbar
were no significant difference in any group. Tr-ACPase of adius/ulna in
E4 group were significantly less than control group. The serum ALPase
of E4 group also was significantly greater than C4 group and that of E
2 group was significantly less than C2 group. Within four weeks, mod-
erated exercise can increase the bone weight of specific site responsed
exercise and the level of its ALPase activity in the male rats.

Key Words: ALPase (alkaline phosphatase) * Tr-ACPase (tartrate-resis-
tant acid phosphatase ’ Calcium content * Collagen.
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BARAXMER R - TENETABNEE » DFEF SR
BIE AR RASIE R » (DRAET I —BE - BEMERBNTELE2 I EEL
RESUMERROEE (Raisz, 1988) @ SEEHIETISE » &
[REREYE S RIMARE I Z BB 8E LA —44 7 » (B EY (remodeling ) I
NEBREBCETFHEETE (Smith, 1986)  EH BN EEHEHES
P RFEEFH—BIEESE (Jacobson, 1984; Nilsson, 1971: Talmage,
1986; Liu, 1995) : 53— @ HWEREIWHTI EEE U8R /e B sk
& (Nilsson, 1971; Lanyon, 1984) » DI&EWH8 R » IR T &



BN BEESAIAYR R (Carter, 1984) » AT EEEGE
Bz NERAER L ARRETHR—HMARENEE (EFE)
HAEHIBSR (Menkes, 1993; Liu, 1995; Show-Harter, 1992) - BSR4
PO  |MESREHHEBAMNOEE » KSEFEFWHER (An-
derson, 1971; Heikkinen, 1972; Woo , 1981; KiisKinen, 1978; Suominen,
1980; Darby, 1985) - I fEBFFREFABMOEHM EEESWEEYE
BRER -

HESERUEBERETE D RMEPEEESRIEE (bone alkaline phos-
phatase activity; ALPase ) ZEB % (bone formation) ( Wlodarski,
1986; Farley, 1986; Clark, 1950) FIfHE/ B (L (extracellular min-
eralization) (Reddi, 1972; Reddi & Anderson, 1976 ; Register, 1986 )
PEMHEEENAG - BREPIBBESRIEME (acid phosphatase activity;
ACPase ) BB B (bone resorption) EFEH{EHE MM (osteoclast ) &
Bz - 5 B RAEIAR AR - R IOYE MR EE S R —(E BLAT Y B R
#% (marker of bone resorption) (Minkin, 1982 ) * Et# Silbermann
(1990 ) EHEF|FHEB/NEE (aging female mice ) H-EHIERFIH -
RIFARFTHEREIITE - FERFAE AR (SR BB ACPase 1EME - (H
REWHREEVIREN ALPase iE EFNESI R BIGE » AR FTo e 3G
FEFEPD EATROEE DA ERERERENIEEALPase
ACPase W B A BERIEELI R B R Z £ 08 EryB L, » JEFES)
NN RIEE B AR BE - FRUA AESS Y ECES EERIiE%
B(1E 8 B TR B T R - (QE SR 2B FIALPase -
ACPase FiBERIGEMIB B AR » QOMFS EFETELSESN Tz E -
AEAME BN ERERS ESHHEFHFH DY EHERTRAY b iF
(BEfEH lumbar vertebrae ) FIfHHE (radius & ulnaffBRIEE) 2
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REICERR (MFH) W FE—S 9RO EBREYI2:EY
PG » SRR — SR DR ERIERRT - AR MT o » S R A
BSTEAREEM (a chow diet) f¥ (HZ clea CE diet) -

ERRERET A @S2 - BREYAEBHNYUKTIEE & SR -
HECSR IR » A EESREREE2+1°C » HEELl12/ a8
AR EFTRETHFIR  THFTRESE-X7REEN - BRI
FERHAERZHEAOBECEE » ENEAREBTIME  BEAKS (6
ER  FAEANESRERACDBREANESIRSHE » EREHBEL
Suominen® (1980 ) FINakabayashi (1987 ) BRI » SERTIH S
ERBERN A S BZEWEE" E RS HS S 1EM M
FIRFR » 85 820m » FXKH30min » 6K » & » JIHERBEX
60min @ FIRESE20mZEE » HEOKAZ EH EEERTCATRYE
JEHER - SRESRMY (B8 RITRFRREEA » {755B%ERT
HRFMEEHZ Y (KEERRTENY » ESRAEEEEE
ZBX) FEHHKNR - (28 Figure 1)

Experimental Design

Animal 8-wk-old of Fischer 344 young male rats.
Exercise program treadmill running with 6° incline
20 m/min, 60 min/day, 6 days/wk for 2 wks and 4 wks.

: Sac:iﬁce Sacrifice
Start 2 4 (wk)
light darkness
Time of day 7' : m (h)
Exercise time jlusca)
Meal time SRS

Diet CE-2 (CLEA Japan) by ad libitum during experimental period.

Figure 1
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BB T ER » B ZBWEET (under ether anathesia) * Lli(»
RER R MIEImIAS » BFE3058 » 3000 rpmMiE L2 HER » 2 HUNE
BIEE -20°C » LAAEE&/IA47 » FIFAE TIVIBE M B E Y BAIEHE -
P RERKEEAES  JEENRESHHEMEER 8 - BENE
EEMNERITARENES » REEDIEEE (liquid N,) SEHRFERE
e -10°C T EEIFRAST -

CELBHATHIBERAIE (enzyme assays)

1.RERME P YRR EBESR G (serum alkaline phosphatase; s-AL
Pase ) FIif a8 BRMEBEEREBERIETE (serum Tartrate-resistant acid
phosphatase; sTr-ACPase) °

2 RIBHIE B BHEMRR SN2 EHIALPasefITr-ACPase Z & 1%
DB BHGRERCRKS - B¢ EEERBTELFR (bone
marrow ) ~ RERIFIERIEEE AR BEERE N EHEEER &
B LR EHERT S B BABRGREHEMA (endosteallinings ) 5k
EEHFHEA  BRFrAEEEFHASRERFEES X  EF8TE
BT ARERER  BE » EARBR ST SE# T
B » —EIAE%E0.15M NaClfI3mM NaHCOs; pH7.47k¥%
ARG (Wergedal, 1969) A 44828 (polytron homogenizer) A
DFEE R —359 /¥ (homogenate) ' FE4'CHRELT » LL12,000 X g B
15min * B0 Z EEI (supernatant) 7B EERI T » Lo
#) (sediments) HSBYEMEELBHSEYHE (Goulding, 1984) *

3.ALPase HIACPase{EEAYHIE R K Walter & Schutt¥ & INLASERY
¥:30® (Walter and Schutt, 1974) < i p-nitropheny phosphate 2mM
FBEH (substrate) * ALPaseZ7F0.IM sodium barbital buffer, pH9.3
T * Tr-ACPase?F0.1M sodium acetate * 50mM sodium tartrate buffer
pHS.0 T2 BIHI%E (Reddi, 1980) ¢ ALPasei# & Uspectrophotome-
ter/3 X EERT (Shimatsu 2763 ) SERE » BN RE405nm FIH
BB ERME3min *» B FFH - Tr-ACPHIRIZEREITCT
¥ XM (incubation) 30minfk @ JIA2fFAAV0.IN NaOHHIER
RHE » REFE4A05Snm THIHBHE - FrENHEEHAEOHSTHE »
BERIE R U B AR R A S mg proteinBXg-boneff i H{p-nitrophenol
BKFR o (nmole/mg-protei/min or nmole/g -bone/min)  EHHE




& &bovine serum albumin4[fl{§7%E & R EUEM (standard)
#SmithF AKI T ERE (Smith et al, 1985) -

LITERANERY RS R RS - BERERENEDtmg AT TS
TBHERAE » MAGMEEE6mI (A#1mg protei/iml) A KRN,
REE » 108 CIEHIBER (oven) A24/NEHEFAERFE (Sam-
path and Reddi, 1981) - ZENNE/KEREIERE » /KRS (hydrolysate )
WAIEER BTEZERBCHR  KEUEMAREKEE  IN—
A EFEpH2.2 » HREEBY ST  FlARERE B 57
(Hitachi 835%) 7347 « HERMIEW » HICP (Jarrel-ash induc-
tively coupled argon plasma atomic emission spectrometer ) 43H7H
PESE (Majanti, 1983) - BREHSEZHEEKNusgen &
Lapiere#:&1 % » collagen type IEEHEE 1000 residuesBEF 44
100 hydroxyproline’8% (Lapiere, 1970) - HiiZ ZEBERHEYE
ANFY

)eat EEE

THBAERLIZTIIE (mean) FIEEHEZ (SD=standard deviation) 7R
FRRF IR SR RRE 2= HIA9RE » LAStudent’s t test TERRE (p<0.05)
FHR CRBAY B Z R RIDAR-D AR E « LA EFIFHZES K Stat view I Bk
REHEET -

CREE - FIEE - BHEEZER

2EM4ER S AGCES %R BE B EFNERTER 2 EEY
[BTable 1 FE2ETAFESH L SLEETLEE/ I PERE B B
E231%10g vs 249+9g » 45HR266+12g vs 282+10g * p<0.01) - 458
HSERER ATE B ERRTMATHIREE (180=8mg vs 171+ 7mg, p<005) -
Htt R M R EFMEETER  IREENET - UBESTER 25
HEXRE  MEEARERRCESGHENRNETERSETEN AR
HIREE -



Table 1. Effects of 2 wk and 4 wk run training on body weight, wet
weight of bones in the young male adult rats.

Training Time
2 wk - 4 wk
Exercise Control Exercise  Control
(n=12) (n=12) (n=12) (n=12)
Body weight
final, g 231%k10** 248%9 266+12** 282*10
Radius/ulna, mg 1637 1515 180*8* 1717
Tibia, mg 336+22 338*+15 41116 399=*22
Lumbar 4, mg 13110 137%9 1579 156+ 11
Adj. radius/uina, mg* 159+6** 146£3 1854 1665
Adi. tibia, mg 350+12** 328%10 426%x12** 393%k12
Adj. Lumbar 4, mg 1367 13219 162£11* 150*9

Values are means £SD.

No. of rats are given in parentheses.

Significantly different from controls at * P<0.05, ** P< 0.005.
#Adj=Adjusted for body weight.
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Table 2FREBIFAN RPFEBRR2EN4 BN B -

B B2 EZHEEE (calcium content) 7E4EAESIREERE AR S
¥ (34.8+1.6mg VS 32.5+19mg, p<0.05) » EEREHESEESH
IS BRI SRR L - B4 ESg-dry boneMIFBZE (mg) FIE
REHSE (mg/g-dry bone ) HR{E2E4EGEBEFF IS KM » &
RS R ANG 8L » fIEEZ Ca/pbR (SBH B mole S EH.IR)
IS5 RR IR E BRI A R P F R AT A B (p<0.05) - HHER
HIEE  EfEHEAEFHEENERL -

CRIE B IR B I EERTEE

 Table 3RATHE BFIEM HHbone ALPaseS€bone Tr-ACPaseZ3HTHYJ
R - BEHGHESEHTTEFWALPase HE AR B RE (p<0.05) - 2#
HESFIE B i ALPase th HEERHY IR - (HREHE B Z ALPaseiE M @ &
A2 E4E - FE RIS R RIAL R - R AR - ZETr-AC-



Pase{& 15 TH » 4EERFIMAOFE EHE/N PN RE - AEY  BRs
HYTr-ACPase & {ETRRAARE ML - HBYALPase ITr-ACPaseiE M2 HE 3k
B EBFOAIE BE2ERGEE AR RE  EEESWER  Ei
BREGAVEB AR HREE (p<0.05)

Table 2. Effects of 2 wk and 4 wk run training on the composition of
radius/ulna and lumbar4 in the young male adult rats.

Training Time
2 wk 4 wk
Exercise  Control Exercise Control
(n=12) (n=12) (n=12) (n=12)

radius/uina
Ca (mg/whole bone) 28.1%22 27.4%1.8 348%1.6" 325%19
Ca ( mg/g- bone)2 253%5 250+5 257*4 257+3
Ca/P molar ratiob 1.73%£0.01 1.72%0.03 1.75£0.02 1.75+0.02
Collagen ( mg/g-bone)¢ 23916 2415 2355 284+4
Ca/collagen wt. ratio  1.06+0.03 1.05%0.03 1.10£0.03 1.10%0.02
lumbard
Ca (mg/whole bone) 19.8+1.9 20.2%1.7 24116 234%+18
Ca ( mg/g- bone) 2487 246t6 241+£3 242+5
Ca/P molar ratio 1.73£0.03 1.75%0.03 1.73£0.01 1.74%0.02
Collagen ( mg/g-bone) 236%*9 238+6 227+5 23116

Ca/collagen wt. ratio  1.05+0.05 1.03%0.03 1.07£0.083 1.05%0.02

Values are means £8D., no. of rats are given in parentheses.
a Value are given mg per g dry bone .

* Significantly different from controls (P< 0.05).

b Ca/P molar ratios are of Ca and total P in tissue samples.

c Collagen value is estimated from hydroxyproline determined by amino acid
analyses.

(7)ot 5 o e SR G 1 2

EREBNFF MYE T ALPase (s-ALPase) (207%24U/L) HAEEH
ERHREE (230£30U/L) » p<0.05 » 4 EHBEBIEE (202+16U/L) KT
HEHEAPEER (183+£2U/L) p<0.05 ; MEHTr-ACPase (sTr-AC-
Pase) TEMEATH @ 2EEHFFEEEMER (283124U/L vs 248+32U/L) °
4EEER IS B R AR (21 2"‘2U/L vs 20.71.8U/L) -

( R Figure 2)
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Table 3. Effects of 2w and 4wk run training on biochemical parameter of
bone turnover of radius/ulna and lumbar4 in the young male adult rats.

Training Time
2 wk 4 wk
Exercise Control Exercise Control
(12) (12) (12) (12)

Radius/ulna
ALPase? 2.64+0.81 249+03 278+0.33 246+0.37
Tr-ACPaseP 1.29+0.15 1.38+028 129+027 1.55£0.72
ALPase/Tr-ACPase 2.29+0.38" 1.77£029 222+042" 1.55+0.18
Lumbard
ALPase 3.48+048 3781054 364076 3.36%0.3
Tr-ACPase 1.32+0.27 1.36+0.18 1.14+024 1.29%0.27
ALPase/Tr-ACPase 2.6+0.48 2.82+048 338+079* 267+0.67

Values are means =SD.

No. of rats are given in parentheses.

Significantly different from controls at * P<0.05, ** P< 0.005.

a Alkaline phosphatase activity (umoles/mg protein/30min).

b Tartrate-resistant acid phosphatase activity (umoles/mg protein/30min).

serum Tr-ACPase

(UL) serum AlLPase (U/L)
300 5r
250 e | B exercise

control
25
200

20
150 i
15

1
00 10

50

4wK

2wk

2wk 4wK

Figure 2. Effects of 2 wk and 4 wk run training on the Alkaline
phosphatase and Tartrate-resistant acid phosphatase of serum in the
rats. Error bars represent SD of 12 rats.

Significantly different from contol group at * p<0.05.
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Figure 3. Regressions for bone weight of radius/ulna verses body
weigh is plotted t in the exercise rats trained 4 week and controls.
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Figure 5 #7~4Hbone ALPaseiH{EFIRIE & - EMEBFERZMR

HiEFEEEfIH E Sbone ALPaselEi: » #E3EEIEE (B4) HIFHRBHFREL
Br=0738 (p< 0.01)  BEE (C4) RIFEAEMELE (r=0.08, NS.) °
BEHEH 0 F E BRI H A ALPaseiG M2 MR HBR (R 8 - EBIEF (B4) 1=
0.458 » HEHEE (C4) r=0.23 ' MEEERMANEE -
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Figure 4. Regressions for bone weight of lumbar4 verses body
weihgt is plotted in the exercise rats trained 4 weeks and controls.
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<0.05) * #HEFr=0.17 (p>0.05, NS.) - EEIRESR S R EREFAL-
PaseMIH Ca B B2 M E WA HEMEMELE CEBr=0391 » HER
=0.168 ) -

JUY ~ %s %ﬁ'

AHEBRRFTHER AR - KKiiskinen (1978) W4 » M RTRBRE
BB » HEHAETE SRR » BTSSR B M E
PHRE  MEATREYEY  E—ER B0 Kiiskinen 4 - SEBHR
HEAERAEE - H4ENRSIISCES TSR INTER A S B areE
BERMAEPEEEMET - 7 RS E8 8B RN EE R
KEYRIB > WP EFYEEFETZMSIRNEE - WS EYES
{EFRZERIER » (HZBIFHM © Heikkinen (1991) S &L EN IR
FFHEANEERETR - 606 » HRDXPESHEFBSRNES » B
EREETN RN B EEWHEEERTA (Heinrich, 1990; Risser,
1990; Hamdy, 1994; Liu, 1995) - @ZAHBENMSEE 7 HTRLY
ANEBRARK  AKKEZ TREFAEEE  BREFHERES
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Figure 5. (a) Regressions for bone weight verses alkaline
phosphatase activity of radius/ulna is plotted in the exercise rats
trained 4 weeks and controls.
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Figure 5. (b) Regressions for bone weight verses alkaline
phosphatase activity of lumbar4 is plotted in the exercise rats trained
4 weeks and controls.
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Figure 6. (a) Regressions for calcium content verses alkaline
phosphatase activity of radius/ulna is plotted in the exercise rats
trained 4 weeks and controls.
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Figure 6. (b) Regressions for calcium content verses alkaline

phosphatase activity of lumbar4 is plotted in the exercise rats trained
4 weeks and controls.
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EBBRAOBRMNEFRRANIEERE (Ca content) AIBREHBRE
(collagen concentration; mg/g-dry bone ) Afi¥@F 8 L » HAMHMEATTIE
IRETHFRIAFESR (Saville, 1969; Tipton, 1972; Beyer, 1985) - dEB@AN
ABBERIE RIS SE  HEERESH  BrETEETEETEE
BE » IEEHIWoofKuei KFHREABMETFS (Woo, 1981) -

ALPase Y75 3 &AM ARV BCERAERENHEEIRMR (
Woldarski, 1986; Farley, 1986; Clark, 1950; Reddi, 1972; Wergedal,
1969; Krabbe, 1984) 53— 5HEACPase HIBEMMURL » FIBRKLE
EEMMR (Reddi, 1972; Sui, 1966; Maymon, 1989) * BIE#RE » A H

BRI E R RIS MR B B BN & - B #IZ ACPase
B HiTartratetE * {(EACPase{f A REE HAAERRY » A EEHET-AC-
Pase E R B HlfACPase ZIEME - EWERFER » 4 HFFAIE B ALPaseiE M1
KR HREEEEE » Tr-ACPaseiE MR MBIE » MEH)H ALPase E M HY
AT ER (R B AR A E FHEMT (osteoblast) HYTEE » SEEIE Tr-ACP
A 2 E B HIHE R B A (osteoclast) BYIEHE » [E{EACPase * &
{EE TR » WA BRITEE o EFEFIALPase AHBBIAZE® (Figure
5) » REESFNNEFEEMNKALPasc EEEEAMMR » ERF
B2 E S REeE B MTEYE (Wlodarski, 1986) * H@1ALPase °
HEREREGER -

7ESlibermann et al. (1990) HEEHE © B/ EE (mice) Z&E
SHEBNFI B » WO BRAPIEL » BPHEFE ACPase HIIRIERIFER » T
ALPase ¥ H 81l - AMBRPEBHHFEFAOE (128E) FRBNEE

. BRI ERANHERER A REARNE B EE T -

, EF LR EHBE » ALPaseiH A HIEH R ZERY B(L(EHE
MZRG (Reddi, 1992; Wergedal, 1969; Krabbe, 1984 ) » HHIHMRISE
BRI FHEMELE (Landis, 1977) » HAEBROEE » 4HE
WEFIATE B 5 S BRI ALPase E 1E T H B IHRERVAERRBR{R GEEEE (E
4) ‘r=068 p<0.05 BFWE (C4) :r=0.17, NS.) > HREBESEN

N RRE H ALPase JEMEAYIE N - RBEY LTINS SE - (Figure

6) '

i A RS MR R A MR - ALPZ S %1 - #Mauro (1989)

W EE/NBE4-15RIMEALPase (serum ALP) E978%]100% 2 HE




ALPase (bone ALPase) MiZK * ZER AR MEALPase I E —LEHE
ALPaseli 2K » AR EALA - EBFEH MIFALPase I EBFHIHER
HREF (p<0.05) ' HEB - BERMEAHNPHEE  FEANEE (A
Figure 2) - EEFEZENHEERT  BERBREY » S4EES 6
RiiEAZEPBHRE (p<0.05) @ EREHNSBE 2B FE—HE
JI38 (stress phase ) HYBFE » TPUESL AR S M EHE FE 2 KIE -

h-~% W

A BRI R T AZER S I BB A il &6y F 45 AT ALPase
Tr-ACPaseTHIEHIRE * ETTTUAROERH SNV ESR - EHHES
2 E#H20m + — K608 » SE6KHET2LEE4EM S Eg) -
BEREREBH -
1. HIEE (radius/ulna) BEEM2EESEEEZSWENESEY
SEB K -

2. SEERFAIRTE B2 ALPase THMEE HEN AN Y BB - ETr-AC
Pase RIIfH 5 # B RE /NS B IR BE -

3. HIEBHEER - DRFESENBINFIHEALPase B KB IIE—3K
ﬂ»{_‘] -

4. MERTALPase{E M2 B ESI B REZAIRIE - E4EE K iHHEE
KIARHREE -

e o L B BB A SR R S BRI L R R SR AT B 2 ALPase & 14 » #ETT
{REHFHIRE » B EEIG T E RS — R -
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