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  The  effectiveness  of  aquatic  exercise  was  evaluated  for preventlng bone  loss after  menopause,

Eight-menth-old Wistar strain  female  rats  ivere  divided  into a  sham  group and  an  ovariectomized

(OVX) group. After 15 days, the  OVX  group -ns  further divided into two groups: a  non-exercise

(control) group and  an  aquatic  exercise  (swirriming) group, During this experiment  (170 days), alt the

rats  had ad  tibitum access  to a  solid  diet (1,2(h Ca, O.96% P) and  drinking water.  The  bonp  mineral

density (BMD), intestinal Ca  absorption,  and  weight  of the skeletal inuscles  were  all reduced  by
ovariectomy.  The BMD  value  and  musc:Ie  "eight  for the  OVX  swirniiing  group were,  however,

significantly  higher than  those  of  the  OS'X eontrol  group. Compared with the OVX  control  group, the
decrease in intestinal Ca absorption  of  the OVX  swimming  group was  signuleantly  alleviated  for 6
months,  and  the energy  metabolism  accelerated  due te the  aquatic  exercise,  These results  suggest  that

aquatic  exercise  wr)uld  be effective  for preventing a  disturbance tu bone  metabelism  in estrogen

deficiency.

                                                    (Received PebrLiary 8, 1996)
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              IMrRODUCI'ION

  Osteoporosis ts one  of  the most  serious  public
health problems  for elderty  people. Bone loss with
aging  is affected  by  rnultiple  factors,[' such  as

heredity, estrogen  deficiency, lack of  physical activity,

unbalanced  nutritions,  and  life-style. It is a well  knowii
fact that  when  the bone mineral  density (BMD) or

bone  volume  falls below  a certain  level, there is a  high

fracture risk and  irnprovement  of this condition

becomes  diffieult. Consequently, it is essential  to

prevent osteoporosis.  To obtain  both  a  high peak
bone mass  when  young and  to prevent bone loss with

agtng  are  necessary  for preventing osteoporosis.  A

moderate  level of  exereise  is one  of  the most

irnportant factors for preventing and  treating os-

teoporosis,L' as  well  as  a  sufficient  intake of calcium

(Ca)Y It has been  reported  that weight-bearing

exercise  in particular is effective  for increasing

BMD.'" On the other  hand, bone loss results  from the
removal  of mechanical  loading caused  by bedrest,5 fi

weightlessness,')  paralysis,H 
"

 and  immobilization,iOi'''

 Voluntary exercise  has recently  been found effective

'
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    for the preventien or  treatment of osteoporosis.

    However,  in many  cases,  elderly  people have  baek

    pain and/or  joint pain, that make  it difficult or

    impossible to do iveight-bearing  exercise  such  as

    walking,  running,  wetght  lifting and  tennis, To

    compensate  this probtem,  aquatic  exercise,  even

    theugh  it is a  non-weight  bearing and  does not  put

    meehanical  stress  on  the back a]d  legs, can  be done

    by  people with back  pain and  joint pain, We  have

    reported  that  aquatic  exereise  (s"imming) was

    effective  for the  bone  strength  and  mineral  content  of

    the  ovariectomized  rat,U  Moreover,  consistent

    participation in water  exercise  has been  reported  as

    an  irnportant factor for preventing bone loss.ti

    However,  the  mechanism  for improving bone  rne-

    tabolism through  aquatic  exercise  is still unclear.  In

    this study,  the BMD  value,  mechanical  bone  strength,

    intest,ina} Ca absorption,  and  energy  metabolism  wnre

    examined  in an  attempt  to clarify  the  effect  of aquatic

    exercise  on  bone  metabolism  in a  rat  model  of

    os'ariectomized  osteoporosis.

            MATERIALS  AND  METHODS

     Experimental  animals  and  protocel

     Eight-month-old Wistar-strain female rats  "ere
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used.  The  rats  were  divided into two  groups: an

ovarieetomized  (OVX) group and  a  sham  operation

(sham) group. After 15 days, the  OVX  group  was

further divided into non-exercise  (control) and

aquatjc  exereise  (swimming) sub-groups,  The  exer-

cise  group  practieed  aquatic  exercise  (swimming) in a

water  bath for 40 inin/day  at neon,  six times a  sveek

for 170 days. The water  bath comprised  a  stainless

steel tank (52× 147 × 60 cm)  with a  water  tempera-

ture  28 ± 1℃ . During  this experiment,  all the rats

zvere  alLo-?d  ad  tihit"m acc:ess  to a solid diet (Tab]e 1:
1.2 96 calcium  (Ca), O.96% phosphorus  (P); Funabashi
Co. F-2) and  drinking ivater, They "ere  kept in

separate  cages  (15× 25Xl9.5 cm)  in an  animal

laboratory under  the  following eonditions:  tempera-

ture, 23± 1℃ ,
 humidity, 50 ± 5%;  fluorescrent iighting,

for all animals  froTn 7/OO a.rn.  to 7:OO p.m,, with

darkness from  7:OO p,m, to 7:OO a.m.

  Biochemical  assays  of  the seruin

  At 1.he end  of  this experiment,  ali th(i rats Lvere

deprived  of  food overnighl  (7:OO p.m.-9:OO a.m.). The
next  day. after  inducting anesthesia  "ith  ether,  a

blood sample  -ns  taken from the abdominal  aorta  c}f

each  rat,  these blood samples  being eentrifuged  at

2,500 rpm  for 15 min  to cellect  the serum,

  The  level of  serum  Ca was  measured  by at.omic

absorption  spectrophotometry  with a  Shirnadzu AA-

640-12 atomic  absorption  spectrophotometer.  Phos-

phorus  "as  determined  by the  Fiske-SubbaRow

method,i'  and  total protein was  measured  by the
Biuret method.iJ

  Measurement  of tite wet  weight  of skeletal

  muscles

  During  the  subsequent  dissection, the right  quad-

   Table 1, Composition of the experiiriental  diet

vol･

Constituent 96

MoistureProteinFatFiberAsh

  Ca

  P

  Mg

  K

  Na

  FeNitrogeJi-freeextraet

 7.020.8

 4,5

 3.4

 5.7

 L2

 O.96
 O. 26

 O. .,
 )2

 O. 19

 e.o358.6

47  Ne. 12 (1996)

riceps  fenioris and  right triceps surae  of each  rat

were  isolated, After washing  them  in a  saline so]ution,

the wet  weight  of each  was  measured.

  Measurernent of  tite bone  rnineral  density

  The  1llinbar spine,  right  femur, and  right  and  left
tibiae of  each  rat, were  isolated by  disseetion, and  all

the  muscle  and  connective  tissue  "as  carefully

removed.  Thereafter, the bone mineral  derisity

(BMD) values  of the fourth and  fifth lumbar
vert,ebrae  (L4 and  L5), the  "hole  feniur, and  the

whole  tibia were  measured  by dual-energy X-ray

absorptiometry  (DXA) with a  Hologic QDR-1000 X-ray

bone  densitometer  as  previously reported.''i  All

Tneasurements  were  taken in the ultra-high-resolution

scaJi  niode  (rat mode,  Version 2,O software),  a

f]etector  collimator  with a single  slit being fitted to the

X-ray generator, as  previously reported,i''i  to suit  the

low density in small  animals.

  An  analysis  of tibial BMD  and  fernoral BMD  svas

c/arried out  as previously reported,'T  because  ef  the

c[iffEiriTig bone  structure  in different areas  of  th(T tibia

an{t  f{uTnir. Tibial proximal inetaphysis,  and  feTnoral

proximal and  dista1 metaphyses  are  examples  of

trabecular  bone, while bibial arid  femoral diaphyses
are  exainp]es  of  c:ortic:al bone.

  Measurement  of breaking  energy

  Afler nieasuring  trie BMD  values,  tiie breaking

energy  at the  center  of the  femoral diaphysis mns

{iva]uat,ecl  by t.est previousLy report(zdiH under  thc.

fotlowing measurement  eonditions:  sample  clearance,

1,O cm:  plunger speed,  100 mmXmin/  load range,  50,O

kg.

  Balance  study

  Mineral balance was  evaluated  at intervals six times

during the study  to determine the  intestinal Ca
absorptiori,  Ca  aceumulation,  and  urinary  phosphorus

CP) anci  creatinine  (Cr) exeretion,  For each  evalua-

tien, feces and  urine  were  col]ected  over  twr} 24-h

periods, Urine was  collected  under  aeidic  conditions

by tising  1 ml  of  6 N hydrochlorie acid, thus

preventing Ca  precipitation and  putrefaction. The
first evaluation  -vas  carried  out  on  the last 2 days
before starting  the exercise  period (O time balance),

After starting  the exercise  period. the mineral

balance -as  evaluated  once  a  ruonth  (1, 2, 3, 4 and  5

month  balance). All the co]lected  urine  wns  cent,rifug-

ed  at 2,500 rpm  for 15 min,  as  quickly as  possible, to

extract  the supernatant.  For the  fecal determination,

a]1 daily feces were  burnt to ash  at  550-600 ℃ for
approximately  18 ti, and  the resuLting  ash  was

(ijssolve(a  in 1 N  nitric acid, The urinary  arid feeal Ca

10 Q17,l)
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excretions  and  the  urinary  P excretion  were  mea-

sured  by using  the same  rnethod  as  that for the

biochemical assay  of  the serum,  while Cr excretien

was  measured  by  the Folin-Wo method."'
  Statistical methods

  The Studentis t-test was  used  to analyze  differences
between the OVX  group and  the sham  group, p<O.05
being considered  statistically significant  within each

experiment.  The  t-test was  also  used  to analyze  the

differences between  the  control  group  and  the

aquatlc  exerclse  group.

                 RESULTS

  The body weight  gain, food intake and  food

efficiency  during the experiinental  exercise  period

are  shown  in Table 2, The initial body "eight  was

approximately  290 g in each  group (sham group:

289.4 ± 4,4 (mean± SE), OVX  control  group: 291.0 ±
2.5, OVX  swimming  group: 292.0 ±  3.2). However, the
body wnight  gain of  the OVX  control  group  was

signifieantly  higher than  that of the sham  group Cp
<O.Ol), while the body  weight  gain of  the  OVX

swimming  group wns  significantly  lower than  that  ef

the  control  group. In respect  of  food intake, there  was

no  significant  difference between the  sharn  and  OVX

control  groups, nor  between OVX  control  group and
the OVX  swimming  group, The food efficiency  of the

OVX  control  group was  significantly  higher than that

of the sham  group (p<O.001), and  that of the OVX
swimnling  group was  significantly  lc)-er than  that of

the  OVX  control  group Cp<O,UUI), The  levels of

serura  Ca, P, and  total protein did not  differ among

the three groups  Cdata not  shown).

  The  BMD  values  for the fernur, tibia and  lumbar
spine,  and  the breaking energy  of  the fernur are

shown  in Figs. 1-4. The BM[) values  at each  site for
the femoral proximal and  dista1 metaphyses,  femoral
diaphysis, tibial proximal  metaphysis  and  diaphysis,

Table 2. Body  weight  gain, food intake and  food

        efficiency

and  the  Iurnbar spine  for the  OVX  coritrol  greup  were

signifieantty  Lo-er or  t,ended to be  lo"?r than  those

for the sham  group. On  the other  hand, the BMD

values  at each  site for the OVX  swimming  group were

significantly  greater than those for the OVX  control

group,
  There was  a signific/ant difference between the final
body  weight  of  the sham  group and  that of  the OVX

contro!  group, and  between  the  final body  weight  of

the  OVX  control  and  OVX  swirnming  groups: however,

the breaking  energy,  wiiich represents  the rnechanical

bone strength,  of  the OVX  control  group was  slightly

lower than that ef the sham  group, while  that of the

swimming  group was  higher than that of  the OVX
control  group (Hg. 4), ln this experiment.  there was

no  difference in the bone length, width and  depth
among  the three groups.

  The intestinal Ca absorption  is showri  in fig. 5, the
values  for all the  groups  decreasing during the

6-month period. However, in the OVX-swiTumirig

group, the decrease  in intestinal Ca absorption  ivas

sigrtificantly  al]eviated  -heTi  cornpared  -ith  the  OVX

control  group. The  variation  in the results  of  the  Ca

accumu}ation,  rate  of  Ca  accumulation,  and  rate of  Ca

absorption  was  almost  the  same  as  that  of  the

intestinal Ca absorption.

  Figure 6 sho-s  the urinary  Cr excretion,  the value

fer the OVX  swimming  group  being significantly

higher or tending to t]e higher than that for thE' OVX

Body  weightFood
 intake

 {glda.v)

  Foodefficiency
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 O.25--gco-asnE-=.,-

 O.20oaoEm

  Fig,

p<e,os P<O.Ol
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 gain(gtday)
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o u

Shan1Ol,Tx

 Centrol
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o.3s± o.o4"  13.s± o,3 o,o3±o.eo2

o,s2± o.o2 l3,7± o.2 o.o4± o.eol

o.2e± o.o3"' 14.3± o,6 o,ol± e.eol

Mean ±SE.'*p<O,Ol,"'p<O,OOI,

                             Control Swtmming
                 Sham  ovx

,t,  1. Bone rnineral  densiLy ofthe  iumbar  spine

      The  fourth  and  the fifth h]mbaT veTtebrae  of  each  rat  ivere

      isolated by dissection, and  the  muscle  and  connectivp

..i  tissue were  carefully  removed.  The  bone  mineral  density

      (BMD) svas  then  measured  by cival-energy  X-ray ab-

      sorptiometry.  Vertical bars indicate the  standard  error.
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     Fig. 2, Bone mineral  density of the femur

The  right  femur was  isolated by dissection, and  the  muscle

and  connective  tissue were  carefully  removed.  The  bone

mineral  density (BMD) was  then rneasured  by dual-energy

X-ray absorptiometry.  Vertical bars indicate the staridarcl

error,

control  group after 3 months.  The  urinary  P excretion

is shown  in Hg.  7, and  was  also stgnificantly  higher
for the OVX  swimming  group than for the OVX
control  group. The  skeletal  muscle  weight  of  the OVX
control  group  was  reduced  by ovariectomy.  while  the

muscle  weight  of the OVX  swirnming  group was

slightly or significantly  higher than that of the OVX
control  group (Fig, 8),

                 DISCUSSION

  Osteeporosis is one  of  the  involutional disorders

re$utting  in bone  Ioss andlor  fracttire, The  bone  mass

decreases rapidly  after  menopause  because of  the

reduced  estrogerL  secretion  at menopause.  Due to an

increase in the number  of elderly  people in Japan,
osteoporosis  is beceniing more  and  raore  of a major

public health probiem, Accordingly, it is necessary  to

prevent, or at  least delay, osteoporosis,  It is a
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      Ng, 3. Bone minerai  density of the tibia

The  right  and  left tibiae wt)re  isolated by dissection, and

the  musele  and  connective  tissue were  carefully  re-

nioved.  The  bone  nrineral  density CBMD) was  then

measured  by dual-energy X-ray absorptiometry.  Vertical

bars indicate the  standard  error.

-ell-known  fact that a  moderate  ]evel of physical

activity,: especially  sveight-bearing  exercises,`i  is
effective  for iricreasing bone mass,  Aloia et  at. have
reported  that total body  Ca  increased as  a  result  of

moderate  exercise  in postmenopausal women,  and

that there was  a positive correlation  between the bone
minerai  content  (BMC) and  the  daily physical activity
of elderly  people.L'i' BMD  in women  aged  bets-een fifty
and  sixty,  ;who  exercise  regularly,  was  also  reportedly

greater wiien compared  with  those people wiio are  not

used  to doing regu]ar  exercise,t[' On the other  hand,
substantial  bone loss cuuld  be caused  by a  sedentary

lifestyle andlor  iminobilization. Moreover, astronauts

during  space  flight can  iose tota1 body  Ca,!ii and  their

skeletal  muscles  and  bones  become  atrophied  be-

cause  ef  the lvss of  niechanical  Ioading due to the

lack of gravity in space,  However, a decrease in bone
mass  eould  be prevented  by an  increase{i C,a intake
and  by  carrying  out  physical exercise  in spac.e.'U  This
result suggests  that physical exercise  with mechanical
non-loacling  c:ould be effective  for preventing bone

Cl1761T
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  Fig. 4. Breaking  energy  of  the  femoral diaphysis

   right  feniur was  isolated by dissection. and  the  muscle

    eonnecrive  tissue were  careful]y  removed.  The

breaking energ.v･  at thc  center  ofthc  femoral diaphysis "es

the" evaluated.  S'ertieal bars indieate the standard  error.
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  Intestinal calcium  absorption  over  6 months

     evaluations  were  carriecl  out  at  int,erva}s

the  experiment,,  The  first "as  carried  out  during

   lays before starting  the exer('ise  period (O time

   After starting  the  exereise,  the t]alance was

   once  a month  (tM, 2M,  3M,  4M  and  5M

  The key to the symbols  used  in Fig. 5 is as

 e, sham  group; C'), OX'X contrel  group: A,  OVX

   group, 
'Significantly

 different from  the  OVX

p<O.05.  
"Significantly

 different froin the OVX
      l'ertica[ bars  iTidicate the  standard  error,

 Fig.5.

   balance

tLLe iast 2 ('

balance),

evaluated

balance}.

fol]eiis/swinmling

group,group,p<O.Ol

e-
        O 1 2 3 4 5(M)

       Urinary creatinine  excretion  over  6 months

   balance evaluations  "ere  carried  out  at  intervals

     the  experiment.  The first was  carried  out  during

the  last 2 days beforp srarting  the  exercise  period (O tiinp
balance). After starting  the exercise,  the  balarice svas

evaluated  once  a month  (IM. 2M, 3M, 4M  and  5M

balance). The key to the s}nibols  used  in Fig. 6 is as

follo"s: e, sham  group;  O, OVX  controL  group/ A,  OVX

s-iinniing  gronp. 
"Significarit,ly

 different freni thp  OX'X

group, p<O.Ol.  
"'Significantly

 different frem the OVX

greup, p<O.OO1.  Vertical bars indicate the  standard  err"r,

       6.0
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    Fig, 7, Urinary phosphorus excretion  over  6 months

    Six balance  evaluations  w?re  carried  otA  at intervals

    during  the  experiment.  The  first was  carried  out  duriJig

    t,he last 2 days before starting  the exercise  period  (O tinie
    balance),  After  starting  the  exercise.  the  balance  isus

    evaluated  once  a  month  CIM, 2M,  :3M,  4M  and  5M

    ba[ance). The key to the s}inbols  used  in Fig. 7 is as

    follosvs: e, shart)  group; O, OVX  coTitrol  group; A,  OX'X

   swimming  group, 
'Significantty

 different from the  OXrX

   group. p<O,05. 
"Signlfieantly

 different from the  OVX

   group,p<O.Ol. Vert,ical bars indicate thF  st,andard  prror.
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             Sham  T
      Fig, 8. Weights of the skeletal  musc]es

The  right  qtiadriceps  feinoris and  right  triceps saurae

were  carefully  removpd  by dissection, and  the ivet weight

of  each  -ms  measured.  In this stiid}' the final body weight
ot'  eac'h  gronp uzs  significantly  differefit. Therefore. the

results are  presented as  the mus('le  weight  per body

weight.  Vertica] bars  indicate the  standard  error,

loss. A  great cleal of research,  -hich  has evaluated

wiiether exercise  is effective  for preventing os-

teoporosis especially  in pos{menopuusal  women,  has

been reported.']  
i:

 Orwr)ll et  at. have  reported  that  the

BMD  values  for the radius  arid lunibar spine  in rriale

s-imniers  aged  40  to 80 Lvas  significaiitly greater than

that of  the  non-swimming  contrc}] group, and  also that

the BMD  values  for female swimmers  Lended  to be

greater than  thuse  for the c:ontrol  group."' We  have
reported  that  consistent  aquatic  exercise  was  one  of

the important factors for increasing daily physical
activity, improving the  subjects'  awareness  oi  health

and  fitness in daily life, and  preventing bene loss.ii'i In

addition,  wu  have also suggested  that aquatic  exercise

sns  effeetive  for increasing the mechanica]  bone

strength  and  r,he mineral  content  of  the femur in
ovariectomized  rats.'/  Furthermore, the effects  of

swimming  on  bone growth, on  the developrnent of  the

long bone, and  on  the  increase in bone  tnass,

mineralization  and  hydratioii properties have  been

  14
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   reported  in yourtg  and  adult  female rats.!'i 
2i
 However.

   detaiLs about  the effect  of  aquatic  exercise  and  the

   mechanism  for the improvement Qf bone metabolism

   throngh aquatic  exercise  have not  been evaluated.

   Therefore, in this st,udy, the BMD  va]tie rnechanical

   bone strength,  intestinal Ca absorption,  Ca accumula-

   tion, energy  metabolism,  and  weight  of the skeletal

   muscles  "Ere  examined  to clarify  the  effects  of

   aquatic  exer(ris(,  ori bone  metabolism  in osteoporoti('

   rats.

     The  BMD  va}ues  for the  lumbar  spine,  femur  and

   the tibia, and  the t}reaking energy  of  th{  ̀ femur were
   found to decrease after  the rats  had been ova-

   riectomized,  However, such  a decrease in the BMD

   values  and  breaking  strength  iJi the  OVX  swiTiiming

   group -us  prevented by 6 months  of aquatie  exercise,

   These results  indicate that aquatic  exercise,  which  is

   a non-iveight-bearing  exercise,  could  be effe(iive  for

   preventing a decrease in the BMD  value  and  bone

   strength.  It js possible to say  that  the movement  in

   water  helps to alleviate  bone  loss in elderly  people

   with ba{:k pairi and7or  joiiit, pain.

     As  sho-m  iri Fig. 5, the intestinal Ca abserption  of

the rats in the aquatic  exercise  group uus  significant-

ly higher than that of  the non-exercise  control  group.
We  have reported  that a  decrease in intestinal Ca
absorptien  arid  (;a retention  in old  rats  within OVX

and  sham  groups wns  alleviated  by using  the

voluntary  treadmill  running  exercise.2"'  Moderato

physical activity  thus improved the negative  Ca
balance in old  rats.  Based  on  this restilt,  aquati(r

exercise  as  a  nieans  of  increasing daily physical
activity  would  be effective  for enharicing  iTitestinal Ca

ahsorption  and  Ca  ac:cumulation,

  Urinary Cr and  I' exc/retion  increased significantly

or  tended  to increase in the aquatic  exercise  group

(Figs. 6 and  7). Jt has been reported  that urinary  Cr
and  P excretion  was  increa$ed by vo]untary  running

exercise,  and  that, the  inerease was  concurrent  ivith

the increase in distance run,LJ In addition,  in the

present experiment,  the food efficiency  of t,he OVX
swimming  group  was  significantly  ]ewer than that of

the OVX  control  greup, These results  of iricreasing
urinary  Cr and  P exeretion  and  the low level of food
efficiency  indicate that the energy  metabolism  was

elevated  by doing aquatic  exereise.  These results  are

similar  to those reported  in the previous paper.ii  It
has been  reported  that  the  BMD  value,  t}one strength,
C]a content  in bone  and  plasma  Ca  level "Tere  each

decreased  under  thp condition  ot' restricted  energy

intake,i" It is possible  that  proper energy  metabolisin

(1178)
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is neeessary  for normal  Ca  raetabolism;  that is, an

acceleration  in the energy  metabolism  might  have a

positive effect on  Ca metabolism.  Further investiga-
tion is required  to clarify the connection  bet,ween

energy  metabolism  and  Ca  nietabolism.

  The  level of  urinary  Cr excretion  depends  c)n  the

body  weight  and  skeletal  mnscle  volume.  Consequent-

ly, the lovaer level of  Cr  excreted  by the OVX  group in

comparison  with the sham  group suggests  that the

rats in the OVX  group  had atrophied  musc:Ies.

Moreover, the wetght  of the skeletal  musc!es  in thf]
(.)VX control  group  was  significantly  or  slightly lighter
than that of  the sharri  group, It has been  found that

skeleta1  mnseLe  became  atrophied  due to ovai'iec-

tomy.'Vi Therefore, it is possible to say  that the

ske[etal  mus{'le  volume  -as  peduced  by  ovariectoruy

from the results  of this experinient,. It, hus also  been
reported  that  skeleta1  muscle  became atrophied  with a
tuss of  rnec:hanical  loading.''i On  the other  hand, it has
been  reported  that running  exercise  was  effective  for
increasing the weight  of  the qua(triceps  feinoris and

soleus."''  In this study,  the  sveight  of  the  skelptal

tnns{/le  also  beca"ie heavier b.v doing aquatic

exercjse.  Moreover,  Cr  excreted  by  the  OVX  swini-

ming  group  in the final phase  was  highe.r than  that by
the OX'X control  group. Based on  this data, a

reduction  in the volume  of  the skeleta1  inuscle  w}is

alleviated  by  aquatic  exereise,  even  though  aqtiatie

exercise  is mechanically  non-loading,  lt is known that

the  skeletal  muscle  and  bone  ]iass  becoiue  atrophied

dtie t,o the loss of  mechanical  loading that  is caused

by  irnniobilization  of  the  extreinities;''  

''
 and  that

rhere  ivas  a  positive correlation  between the  BMD

value  and  t,he power  of  the skeletal  musc/le.''ii'

Aecordingly, the increase iri weight  of  the skeletal

musf'le  could  have been effec'tive  fcn' preventing bene

Ioss in the  aqnatic: exerc:ise grc)up.

  These  results  indicate aquatic  exercise  to be an

effect,ive  form  of physical activity  for maintaining  the

BMD  value,  bone  strength,  and  skpletal  muscle,  and

for enhaneing  intestinal Ca  absorption  and  Eac/eelerat-

ing energy  metabolism.  It could  be  that  the  enhanced

intestina] (la absorptien,  accelerated  energy  metabol-

ism, a-d  the greater volume  of  skeleta1  muscle  svere

factors contributing  to the higher BMD  values  and

bone  strength  in this study.  Experimental animals

such  as  rats are  not  cungruent  "ith  human  beings.
However. it is thought that aquatic  exercise,  which is
a  inecha-ieally  non-Ioading  exercise,  could  be regard-

ed  as valuable  and  effective  physical activity for
increasing the  BMD  value  andfor  preventing bone

    loss in elderly  people,

      This study  wiis supported  in part, by a  Grant-in-Aid

    for lkiientific Research (A, No. 02404g4)  from the
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閉経後骨粗鬆症モ デル ラ ッ トの 骨代謝に対 する水中運動の効果

麻美直美，森川尚美，江澤郁子

（日本女 f大学家政学部）

平成 8年 2 月 8 日受理

　本研究 で は，水中運動 が，閉経後 の 骨量減少の 抑制 に 効果的 で あ る か否か を検討 した．8 カ

月齢 Wistar 系雌 ラ ッ トに卵巣摘出術 ま た は偽手術 を施 した．術後 15 日目に ， 卵巣摘 出群は，

非運動群 と水中運動群 に分けた，なお，本研究期間中 （170日），ラ ッ トに は 固形飼料 と水道

水 を白由摂取 させ た．そ の 結果 ， 骨密度 ， 腸管からの カ ル シ ウ ム 吸収，お よ び筋重量は卵巣摘

出 に よ り低下 し た．しか し水中運動群 の 骨密度お よ び筋重量 は 非運動群 に比 べ 有意な高値を示

した．腸管か らの カ ル シ ウ ム吸収量に お い て は，い ずれ の 群も飼育期間中減少 したが，水中運

動群は非運動群 に 比べ ，その減少が有意に抑制され た，また，水中運動 に よ りエ ネル ギ
ー
代謝

が亢進 された．以．ヒよ り，水中運動は，閉経後の 骨代謝の 改善に効果的で ある こ とが示唆 され

た．
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