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                  Abstract

  SUZUKI, M., ISHIYAMA, 1, and  SEINO, T., Age-associated

Changes in Renal Functien After Exhaustive Exercise in Healthy
Males  Ranging  in Age  From  8N80  Years  Old. Adv.  Exerc. Sports
Physiol., Vol.12, No.3 pp,65-72, 2006. This study  was  conductcd

to cxamine  the effects ofagc  on changcs  in renal functjon aftcr cx-

haustivc cxcrcise  in 162 healthy malcs  ranging  in age  from 8 to

80 yrs. V)luntary cxhaustive  exercisc  was  perfonned using  a
       .
treadi]ill, V07max  and  HRrnax  were  measured,  Blood and  urine

sampLcs  wcre  takcn  beforc. immediatcly atter, and  at 30i60 min
after  cxercise.  Thcse spccimens  were  uscd  for mcasurcments  of

electro]yte,  Lactatc (LA), creatinine  (Cr) and  albumin  concentra-

tions, Cr c]earance (Ccr) was  calculated  as  an  jndicator of the                  .
glomerular fi[tration rate. V02max, HRmax,  and  maximal  concen-

tration of  blood LA  <bLAmax), mcasured  immediately aftcr  cxer-

cise, lowercd with  agc  while  peaks ofthcsc  variablcs  occurred  at

d{ffering ages,  respectjvely.  Urinary albumin  excretion  (UAE)
rose  remarkably  30 min  aftcr cxercise  (UAErccr.omin) in every  age

group. The highest increasc in UAE,.,].o ,.i, was  at i6-19 yrs of

agc, and  thereafter gradually dcercascd with  age, A highly posi-
tive correlation  (r-O.819, p<C}.OOI) was  indicatcd betwecn UAE
and  urinary LA  excretion  (ULAE), A  remarkablc  rcduction  in the

coneentration of Cl 
'
 compared  to that of Na' in urine  30 min  ae

ter cxercise  may  compensatc  fbr an  increase in the urinary  anion

gap, which  was  thc grcater part of  thc incrcasc in ULAE.  It is

thought  that the excess  amount  of  LA  produced by cxercjse  was

filtered through the  glomcrulus, and  preferentia[[y excreted  into

urine  in ordcr  to normalize  the acid-basc  balance disturbcd by cx-
ercise.  The present results  suggest  that the organic  acids  produced
by exercise  might  a]ter rcnal  g]omeru]ar perrneability andror  in-

hibit reabsorptjon  of  albumin  at  proximal tubu]es while  the pre-
cise  mechani$m･s  for exercise-induced  albuminuria  are  still

ur1krlown.

   It may  be concluded  that age-associated changes  in renal func-
tion aftcr  cxhaustive  exercisc  might  become fewer as the result  of

a reduction  of  energy  production with  aging  in skclctal  muscles

during exereise.

Keywords: aging,  physical exercisc,  rcnal  fUnction, albuminuria,

acid-base  ba]ance

                 lntroduction

    Physical fitness, including musclc  strellgth (10, 13),

aerobie  work  capacity  (6, 23), etc,  dectines with  aging.

Relativc intensity to maximurn  capacity  in individuals, %
                     '
of  maximum  strcngth  or 9'aV02max are, therefore, uscd  in

exercisc  prescription for muscular  and  endurance  training,

On  the other  hand, the kidney makes  no  direct contribution

to the pcrforrnance of  exercise,  and  reductions  in renal

plasma flow (RPF) and  the glornerular filtration rate

(GFR) as  well  as  thc appearance  of  proteinuria and  hema-

turia depending on  an  increase in cxercisc  intensity have

been observed  (8, 21). Physical exercise,  namely,  has nega-

tivc cffects  on the kidney in ternis of  the maintcnancc  of  re-

nal function. However, the kidneys play an  important role

in the rccovery  ofthe  internal environment,  such  as  distur-

bances of  pH, osmotic  pressurc, and  elcctrolytes  in blood
caused  by excrcisc, Age-relatcd reductions  of  RPE  which

underlies  the maintenance  of  renal functions such  as  GFR,

excretion,  and  reabsorption  in the renal  tubuLcs, have been
recognigcd  (5). Howevez  the cfTbcts  of  age  Qn  changcs  in

rcnal  function after  excrcise  have not been reported  to our

knowledge. If decreascs in renal  function during exercise

becomc remarkab]e  with  aging, it will  be requircd  to lower

the relative  excrcise  intensity, e.g. 9,6V02max, depending
on  the age  based on  considerations  of  renal  function.

    The prcsent study, therefbre, was  conducted  to cxam-

ine the effects  ofage  on  changes  in renal function after ex-

haustive excrcise  in healthy males.
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                  Methods

A. Subjects

    One hundred and  sixty two hcalthy male  volunteers

who  ranged  in agc  from 8 to 80 years, were  diseasc-free,

and  were  taking  no  mcdication,  participatcd in the present
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study.  Thc volunteers  were  fUlly informed and  f'amil{arized

with  all procedures prior to the expeTiment,  Ln the case  of

juvcni]e participants, inforrned eonscnt  was  obtained  from

both their guardians and  thc rclcvant  school  authorities.

Thc present study  was  conducted  in accordancc  with  thc

Declaration oi' Helsinki under  carefu1  supervision  includ-

ing a mcdical  history intervicw prior to testing, with  moni-

toring of  clectrocardiography  and  blood pressure (BP)
during thc cxercise  test.

B. Ilxperimentalprotoeot

    The  experiment  was  carried  out  in a fasting state.  the

morning  fbllowing an  overnight  fast. Thirty minutes  later,

thcy voided  urinc  to cmpty  the bladder. After an additional

resting  time  of  30 min,  BP  was  measured  using  a  Riva-

Rocci sphygmomanometer  and  a 10-ml blood sample  was

withdra"m  from the brachial vein. Inmiediately after  collec-

tion of  thc urine  sample,  body weight  was  measured,  BP

measurcmcnt  and  samplings  for blood and  urinc  were  per-
formed bcfore, immediately after, and  at  30/60 min  after

the excrcise  te$t while  blood sampling  was  cxcludcd  at 60
min  after. A  maximal  voluntary  exercisc  tcst was  pcr-
fonned using  a  treadmill. Taking age  and  whcther  daily
rcgular  cxcreise  was  done or  not  into consideration,  run-

ning  speed  (4-･14krnlh) and  thc anglc  of  the treadmill

(O-8%) werc  gradually incrcased to voluntary  exhaustion

within  6-･15 min.  Oxygen uptake  (VO!) and  carbon  diox-
ide excretion  (VC02) were  measured  using  an  automatic

open-circuit  gas analyzer  (System 5, AIC, 'Ibkyo, Japan).

and  an  clectrocardiogram  (Life･ Scope 8, Nihon kohden, To-

kyo, Japan) was  recordcd  contjnually  throughout the exer-

cise  test including rest  and  recovery  periods, If there wcrc
any  abnonnalities  in the electrocardiogram  andv'or Be  the

cxcrcise  tcst was  promptly stopped,  but the subjcct  himself
did not  request  that thc exercisc  ccase.  BP  monitoring,  fur-
ther, was  applied  to subjects  who  had ne  regular  exercisc

habits, nor  werc  ovcr  60 yrs of  age,  while  BP  was  meas-
                                          .

ured  at intervals of  2--3 minutes.  Maximal values  ef  VO]                                            L
and  heart rate  <HR) measured  during a  gradually incrcas-

ing -,ork  load exercise  test were  defined as thc voluntary
maximal  oxygen  uptakc  (V02max) and  maximal  heart rate
                      .
(HRmax), respectively,  and  V02max  -'as  adopted  finally,
                      .

according  to the criteria for VOr.max recommended  in our

previous study  (23).
    Temperature and  rclative  hurnidity in the laboratory
wcre  20-27℃ and  50-J60%, respectively.

C, AnabJtical methocts.for  elecnwb,tes  and  biochemicai de-

  terminations qfblood  and  ui'ine

    Blood and  urine  spc ¢ imens wcre  used  fbr measure-

ments  ofelectroiytes  (Na', K', Cl ,
 TBA-80, Toshiba, To-

kyo, Japan), osmolatity  (Osmotron-20, Orion Riken Co,
Tokyo,Japan), lactate (LA, Lactate test, Boehringer), and

biochemical components  (creatininc, Cr; albumin,  AEb;

TBA-80).  Urinary lactate concentration  (uLA) was  mcas-

ured  using  thc fi]11owing procedures: immediately after

urine  sampling,  the specimen  sN'as deproteinized by O,6N

perchloric acid  (HCI04). Further, iinmediately before

ana]ysis  the urine  specimen  was  diluted with  O.6N HCI04
3--5 timeg, and  measurcd  according  to the method  fbr

analysis  ofthc  blood lactate concentration  (bLA).
    Using the valucs  of  urine  vo]ume  per minutc  (UM
melmin),  scrum  crcatinine (Scr) and  urinary  crcatininc  con-

centrations (Ucr), creatinine  clearance  (Ccr) was  calculated

according  to thc fbilowing equation:  Ccr (mVmin (1.73
m2))  =  (UVxUcrxl.73)1(Scrxbody suri'ace area  (m2)). Ccr
was  mcasurcd  as  an  indicator ofGFR.

   Urinary anion  gap (uAG) was  calculated  according  to

the equation  uAG  =  Olai'+KT) 
-
 (Cl ) in this study.

D, Stati,sticalpx)cechii?s

    Thc  results  arc  expressed  as  thc mcan ±SD  in the text
                        '

unless  otheru,i'sc noted.  Students paircd t-tcst was  used  to

determine significant  changes  in variables  befbre and  after

cxereise, One-way analysis  of  variance  was  used  to deter-

minc  the significant ditTerences in variables  bctwccn the
difiierent age  brackets. Statistical analysis  of  correlation  co-
                             '
etTicients was  perfornied using  Pearson s tcst. A 959t6 level

of  confidcncc  was  acccpted  as significant fbr all statistical
tests.

                   Results
A, Mbximal ox.vgen  ay)take (Ilo2ma,V, maximal  heart rate

  ai]Rmav and  meximaf  concentration  of btood tactate
  (bLAindy changes  with  aging,
                           :

   Age-associated changes  in V02max. HRrnax, and

bLAmax  observed  immediately after exhaustive  exercisc

are  shown  in Fig. 1. V02max and  HRmax  lowcrcd with
age,  even  though VOi.max at  15 yrs of  age  had a  tendency

to bc ]ower than that at 20 yrs of  age, A  peak Qf bLAmax
was  obtained  at  25 yrs old,  but thereafter, lowered wjth  age.

B. opects qfaging  on  the change,y  in CJcr bEY?)re and  clfter

  exhawstive  exereise

    After the division into three age  brackets, undcr  20

yrs, ftom  20  to 39 yrs, and  ovcr  40 yrs of  age,  the distribu-

tion of  Ccr -ras compared  before, immediately afteT, 30

and  60 min  after  an  exhaustive  treadmill  run.  No  signifi-

cant  diffbrcnccs in mean  resting Ccr among  the three age

brackets were  found. Thc greatest reduction  ofCcr  was  in-
dicated immediately after  exhaustive  exercise  in every  agc

bracket, and  recovercd  to the resting  levcl from 30-60 min

afterwards.  With less broadcr age  brackets, subscqucntly,

the change  in Ccr before and  immediately after  cxcrcisc  is

shown  in Fig. 2, and  effects ofaging  on  the changc  wcrc  in-
vestigated.  Resting Ccr in a teenager was  significantly

lowcr than that at 20-30 yrs of  age. The resting Ccr of
those  ovcr  45 yrs had a  tendcncy to decLine with  agc. The
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Urinary Excrctions efAtbumin,  Elcctrolytes and  Lactate After lixhaustive Exercise
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Fig. 2 EITccts ol' aging  on  the changcs  in creatininc  clcarance  (Ccr)
     bcfore and  immcdiaLely after an  exhaustive  treadmill  nin.

     Ccr  was  measured  as an  indicator of  thc glomerular filtratien

     rate (GFR). Figures are  means ±SE (x'±SE). Significance of

     dif}ierences between twe  valucs  incasurcd/  
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younger the subjects, the greater the reduction  of  Ccr after
the exercise,  with  over  55 year olds  showing  a  smaller  re-

duction, though it was  significant. To investigate the reason

fbr the age-associated  ditftrcnces in Ccr rcsponses  to ex-

haustive exercise, relationships  between changes  in ACcr

with  VO]max, HRinax, .dSBP  and  bLAmax  were  ana-

lyzed (Fig, 3), Thc  symbolA  dcnotes a net changc  in the

variablc  bctween before and  immcdiately after  excrcise.

There arc  significantly  negative  corrclations  between ACcr

and  the other  measurements  in atl, The  greater the rcduc-
                            -
tion of  Ccr (zdCcr), thc higher the V02max, HRmax,  Z

SBP  and  bLAmax.

C. oplects qfaging  on  urinary  albumin  excretion  rUAE) cofL

  ter exhaustive  exereise

    The distribution of  UAE  in the different age  brackets

before, immediately after,  and  30/60 min  aftcr exhaustivc

exercise  is sbown  in Fig. 4. Valucs of  UAE  after exereise

were  sprcad  more  widely,  and  thc actual valucs  were  con-

verted  into logarithmic (iog) value.  Resting UAE  was  sig-

nificantly highcr in those oyer  40 yrs of  agc  than thosc

under  20 yrs or 20-39 yrs of  age. Thirty minutes  after  cxer-

cise, UAE  rcmarkably  increased in cvery  age  brackct. In

particuLar, there was  a notable  increase of  UAE  in the un-

dcr 20 yrs of  agc  group. Sixty minutes  after cxcrcise,  UAE

graduaLly recovered  to thc pre-exercise lcvcl, although  the

distribution ofvalue  was  sti]] broad. Thc  greatest influence

of  exhaustivc  cxercisc  on  UAE  was  observed  at  30 min  afL
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ter exercise.  Therefbre, the value  of  UAE  at rest was  sub-

tracted from the value  of  UAE  at  30 min  after  exercisc, and

this is defincd as AUAErec3o min. The L'alue Of  UAErec]o min

was  conx,crtcd  to a  logarithm, and  is shown  with  less
broader agc  brackets in Fig. 5. zfUAE,,,]o  .i.  "'as signifi-

cantly  lower at a mean  age  of  12,9 (--15) yrs than mean  age

(pg/min)
 104

A
 103=.:RNwIII

 io2

9
10

Mble(n=162)

         o
           O 10 20 30 40  se 60 70 80

                      Age tyears}

Fig. 5 EfTbcts of  aging  on  the urinary  albumin  cxcTetion  at 30 min

     (ZUAE,,,ao .,,J  after an  exhaustive  treadniilt run,

     Subtracting thc value  ofIJAE  at rest from the value  of  UAE  at

     30 min  aftcr  exerc{se,  gives ztUAE,,,]o  .i..  The value  ol'

     iUAEi,,so .i,  "'us c[mverted  te a logarithni. SignMcance  oi'

     difTerences bet-een two  values  meusured:  
"p<IO,05;

 
"*p'(

     e.o];***p<o.ool.

of  17A (16--19) yrs. Thc pcak of AUAE,,,]o .i.  was  at

16-19 yrs of  age, and  gradually declined with  age,

D. Relationships hent'een excivtions  ofalhumin, electtolytes

  and  organic  anions  into urine  qf}er erhaustive  exercise

    The greatest infiuence of  exhaustivc  exercise  on  uri-

nary  excretions  of  albumin,  electrolytcs  (Na', K', Cl'),

and  an  organic  anion  (uLA ) was  observcd  at 30 mjn  after

cessation  of  exercise.  Significant deereases in the excretion

of  Na', K' and  Cl- and  an  incrcase in that of  LA-  into

urine  werc  obscrved,  cvcn  though urine  voLume  (UV) in-
creased  significantly.  Conscquently, urine  osmolality  sig-

nificantly decreased at 30 min  after exhaustive  exercise,

Thc youngcr  the agc,  the greater the changes  in thcsc vari-

ables, and  thc reduction  in the excretion  of  Cl- was  par-
ticularly remarkable  cempared  with  that of  sodium,  On  the

other  hand, a sigriificant negative  coeencient  of  correlation

(r--O.722, p<O.OOI) was  obtained  bctween urinary  con-

centrations  of  Cl' and  LA'. Relationships between UAE
with  LA  cxcretion  (ULAE) and  UCI excretion  (UCIE} are
rcprcscnted  in Fig. 6. A highly positive corrclation  (r=
O.819, p<O.OOI) was  found between UAE  and  ULAE.
There was,  convergely,  a  negative]y  exponential  corrclation

between UAE  and  UCIE, and  thc coethcient  of  correlation

wasr--O.624(p<O.OOI).

    Urinary AG  (uAG) may  reflect  changes  in unmeas-

urcd  amions  in urinc, Jn this study, uLA,  one  of  the anions

in urine,  was  measured.  Using the urinary  conccntrations

ofNa',  K'  and  Cl measured  at  30 min  aftcr  exhaustive  ex-

crcisc, the coefficicnt  of  correlation  betwccn uAGrecr,e m;n
and  uLArec3o  inin  was  analyzed,  and  is shown  in Fig. 7 ( I ).
An  extremely  high coefficicnt of  correlation (r ::: O.914, p<
O.OOI) was  indicated bctwccn uAGrec3o  inin  and  LiLArec3[) min･

les

104 

-.$sX"e

 103 

silpt<

 1ptp
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o1.0i02
 10S

  ULAE104
 10S

(mMfrnirt)10ti

1Oj

104
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MaleCn=162)

oO.1  O,2 O.3 O,4 O.5

  UCIE  (mEghnin)

･ Fig. 6 Relationships between  UAE  with  ULAE  and  UCIE  bet'ore und  after an

      exhaustivc  Lrcadmill run.

      UAE,  urinar}, albumin  cxcreLion:  ULAE,  uimar)'  lactate excretion;  UCIE,

      ui'inary'  CI excretion.
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The greater part of  the increase in uAG  originated  from an

increase of lactate cxcrction  into urinc. Subsequently, the

relationship  betwecn bLA  and  uLA  was  investigated. The

kinetics of  the lactatc conccntration  aftcr cxhaustive  exer-

cise  is, however, ditTk)rent in blood and  urine.  A  peak in the

blood lactatc concentration  (bLAmax). as  well  as  in the uri-

nary  concentration  ofLA  (uLAmax) was  observcd  immedi-
ate]y  after,  and  30 min  afier  exercise,  respectively.

Therefore, we  matched  bLA and  uLA  as fbllows; bLA  at

rest vs.  uLA  at rcst, bLA  inimcdiatcly after exercise

(bLAmax) vs.  uLA  30 min  aftcr  cxcrcise  (uLArnax), and

Matefrt=iE2)

bLA  30 min  aftcr cxercise  vs. uLA  60 min  after exercisc,

respectively. The relationship  betwecn bLA  and  uLA  con-

centrations  is shown  in Fig. 7 (II). This figurc indicates

that when  bLA  reached  ovcr  4,O mM,  the uLA  concentra-

tion gradually mcreased.  Howcver. both lowcr excreted

uLA  group (L-uLA) and  higher excreted  tLLA  group (H-
uLA),  which  located under  the lower limit of the 95%  con-

fidence line (2-196SD) and  over  the upper  limit (xr+
1.96SD), respectively, are also observed  in spite  that bLA

was  over  1O mM  in both groups.
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Fig. 7 Rc]aLionships between uAG,,,w  ,..  anduLA,.,]o  ...  (upper panel

     (1>), and  bet",ecn bLA and  uLA  (le-er panel(TI ))

     utGrecao m/7,, Lrrhiaiv anion  gap aL 30 rnm  recc}Lery  was  eatcu-

     lated accorthng  to the equation  as uAG-(Nai+Ki)nCl';

     uLA,ecGe  :n,n,  u-naB'  lactatc conccntrauon  at  30 min  recovery,

     uLA,  urmarlr  lactate concentration:  bLA.  blood ]aetate eoncen-

     tration, ln the lower pancl (I), bl A and  uLA  were  mutched

     ag  ibl]ows; bLA  at rest vs  uLA  at rest,  bLA immediately after

     cxercise  (bLAmax) vs  uLA  30 rnm  afier  exercise  Cul.Amux).
     and  bLA  30 mm  after exercise  vs  uLA  60  min  after exereise.

     respectively,

     [.-uLA and  H-uLA  greups encirc]cd  vv'ith  a  net  pattcrn mdicate

     that uLA  are shown  undei  the  lower Iimit of; and  ovcr  the up-

     per limit ef  950/o confidence  lme. respectivellr, in spite of  the

     bLA  reachmg  over  lO niM.

                 Discussion

   The present study  was  conductcd  to examine  the ei

fects of  age  on  changes  in renal  functions such  as thc glom-
erular  filtration rate (Ccr), and  excretion  m  urinc  of

albumm  (UAE) and  electrolytes  after exhaustive  exercisc

in healthy malcs.

   HRmax  dcclincd linearly with  agc  from 8 to 80 years,                 .
even  though pcaks ofV02max  and  bLAmax  were  observed

at the mean  ages  of  17.4 and  22.9 yrs, respectively.  Both

V02max and  bLAmax  increased until the age  when  peaks
of  these variables  occurred,  and  thereafter lowered with  ag-

ing. Aerobic (V02max) and  anaerobic  work  capacity

(bLAmax) were  signifieantly  lesN'er in younger subjccts,

eve"  though these subjects  compellcd  thcmselves  to reach

an  exhaustive  state which  was  shown  to be an  adequately

higher leycl of  HRmax.  This might  bc duc to underdevel-

oped  muscle  mass  in these younger subjects, Decreases in-V02max
 and  bLAmax  after their respective  peaks may  be

a physiological phcnomcnon  associated  with  aging.  Re-

ports on  V02max reduction  with  aging  (6, 18, 23, 24) are

plentifu1, The age-associated  reduction  in V02max and

bLAmax  is thought  to be due to a  reduction  of  muscle

mass,  a  decrease in muscle  mitochondria  as well  as  an  al-

teration in mitochondrial  composition  (6, 9, 17) and  dc-

creases  in cnzyme  activities representing  acrobic  energy

metabolism  (malctc dchydrogenase, succmatc  dchydroge-

nase), and  also  some  of  the anaerobic  enzymcs  (creatine
phospokinase, lactate dehydrogenase) in skeletal muscle

(20), Howcvcr, thc reason  fbr the decrease in HRmax  with

age  is st"1  unclear.

    Ccr was  measured  as  an  mdicator  of  GFR,  which  is

one  of  the rcnal  functions. Rcsting Ccr levels in subjccts

bclow 17.4 yrs and  oirer 53,6 yrs of  age  were  significantly

lowcr compared  to those  in subjects  from 20 to 49 yrs of

agc, It has been known  tbrrnerly that GFR  and  cffective  re-

nal  plasma flow (ERPF) dccrease with  aging  (5). The
lower Ccr in younger subjects  in this study  might  be

causcd  by Lmdcrdcvclopcd  rcnal  mass  and  function. The  rc-

duction in rena]  function (Ccr) at  over  50 yrs of  age  might

be due to a  decrease of  renal  size,  and  eventual]y,  a  reduc-

tion m  the number  of  glomeruli, resulting  in a  rcduccd  re-

nal mass  and  fUnction (2). Bax. et al (2) also  suggested  that

thc age-related  changes  in renal size and  function wcrc  ac-
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celerated  in cases  ef  more  severe  atherosclerosis  with  ag-

ing, The greatest reduction  of  Ccr was  found immcdiately

aftcr. and  rccovered  to the prc-cxcrcisc lcvel within  30-60
minutcs  aftcr cxhaustive  exercisc  in all thc age  groups.
Agc-assocjated changes  in net  rcduction  of  Ccr (ACcr) be-
tween pre- and  immediately post-exercise are shown  in
Fig. 3, The age-associated  change  in ACcr  presented a  re-

verse  mirror  image of  that in V02max. The greatest de-
crease  in Ccr after exercise  was  obsen,ed  at a mean  age  of

17.411.4 yrs, and  thercafter the ACcr  gradually became

smaller, aLthough  significant. Our previous study  (25) indi-
catcd  a high coefllcicnt of  correlation  (r=O.773, p<O.OO1)
between creatinine clearance  (Ccr) and  renal b]ood flow

(RBF) using  radionuclide  angiography  -･ith  
g"MTc-pbytute

after exhaustive  exereise  in bealthy humans. According to
our  previous study  (25), thc remarkable  decrease in Ccr

sho-in  in youns,cr subjccts  might  be caused  by RBF  reduc-

tion. Considering that the greater the reduction  of  Ccr
                  .

(ACcr), the higher the VO?max  and  bLAmax  indicated in
                                   .

this study, it was  thought that thc highcr the V02max  and

bLAmax, the greater the blood tlow into cxcrcising  mus-

cles, and  consequently  renai  blood flow was  reduced.

    The resting UAE  levcl (24.8 pt g/min) in those ovcr  40

yrs of  agc  was  significantly  higher than that in both the un-

dcr 20 yrs (11.1 "gimin  ) and  20--39 yrs (14.4ug/min) of

age  groups (Fig. 4). Albuminuria is a  marker  of  early  athe-

rosclerosis  (12), An  increased UAE  is assoeiated  with  an

unfavorable  cardiovascular  risk profi]c (7), but its patho-
genesis is currently  unknoNvn.  An  aggravation  of  athcro-

sclerosis with  aging  may  bc th¢  rcason  for the significantly
higher level efresting  UAE  observed  in the over  40 yrs of

age  group, even  though  no  other  markers  of  atherosclerosis

were  measured  in this study. There was  no  diffbrence in
resting  blood prcssurc ]evel in those  over  40 yrs of  age

compared  to that  in the  younger subjeet  groups,

    The highest increasc in UAE  was  ebserved  30 min  afl

tcr cxhaustive  exercise  in evcry  agc  group, In particular,
the peak of  zd  UAE,,,･3o .i,  was  shQwn  in the 16-19 yrs of
age  group, and  gradually declined with  age  (Fig, 5).

Changes in charge  andtor  size selective permeability in the

glomerular basement membrane  (GBM) are thought to be
onc  of  the causes  of  proteinuria (1), Several studies  on  cx-

ercise induccd-protcinuria have bccn donc (14, 16, 22). Ex-
ercise  induccd-protcinuria <EIPU) is rclatcd to the intensity

of  exercise, and  frequently occurs  after  exercise  with  an  in-

tensity greater than 80%V02max  (22). Thc dcfining feature
of  EIPU  is a mixcd  glomerular and  tubular type of protcin-
uria,  which  contains  mcdium  to largc molccular  weight  pro-
tcins such  as Igq  IgA, and  albumin,  and  lower molecular

wcight  proteins <,LMXiv'P) such  as ad microglobulin  (aL M)
and  fi2 microglobulin  (ff2 M). The  mechanism  for EIPU
has been investigated extensively  (14. 16, 22). EIPU  was

accompanied  by reductions  in RBF  and  GFR. aiid by in-
creascs  in plasma noradrcnaline  (pNorad) and  plasnia angi-

otensin"(pAI)  concentrations,  Conversely, it has been

reportcd  that thc intravenous infusion of  Norad  or  A  ff pro-
duced proteinuria (3, 11), and  the eral administration  of  the

angiotensin-converting  cnzyme  inhibitor (ACE-inhibitor)
rcduced  proteinuria in patients with  nephropathy  (26).
From thcsc findings, exercise-induced  modifications  of re-

nal  hemodynamics and  the glomcrular filtration fraction

(FF), as  -'ell  as  activations  of  thc rcnal sympathetic  nerve

and  the renin-angiotcnsin  (RA) systcm,  havc been thought

to dircctly or  indirectly incrcase the permeability of  the

glomcrular capillary membrane  to proteins (3, 11, 15), We
obscrved,  however, remarkable  excretions  of  albumin  and

62 M  into urine  after maximal  exercise,  although  the in-

crease  in pA  ll was  inhjbited by an  oral administration  of

50 mg  of  the ACE  inhibitor (Captopril) in eight  healthy

males  30 min  prior to cxercise  (unpublished data). Further-

more,  thc mechanism  for the occurrence  ofLMWP  such  as

ai  M  and  & M  aftcr maximaL  exercise  is, however, not  ex-

plained by the mcchanisms  mentioncd  above  (3, 11, 15).
Sumpio, et al, (19) have shown  that high-and low-

molccular-wcight  proteins aTc mostly,  if not totally, rcab-

sorbed  by thc proximal tubules. Poortmans, et al. (16) and
Montelpare, et al. (14) indicated that post-exercisc protein-
uria  was  transicnt, and  related to blood acidity changes  in-

duced by strcnuous  exercisc.  Moreover, Poortmans, et al.

(16) identified an  cxercise-induccd  impaired site ofthe  S1-

S2 segmcnts  in thc proximal tubulc, and  concluded  that

strenuous  exercise-induccd  albuminuria  may  bc liukcd to

thc increased glomerular membrane  permeability, while

thc increased excretion  of  low molecular  wcight  proteins
may  indicate rcnal  tubular dysfunction.

    Bascd on  prcvious studies (3, 11, 14, 16), we  investi-

gated rclationships  between urinary  excrction  of  electro-

1ytes and  lactatc (ULAE) with  albumin  cxcretion  into urinc

(UAE) after  exhaustive  exercise  in this study. A  highly

pesitive correlation (r .･- O.819. p<O.OOI) was  indicated be-

tween UAE  and  ULAE  (Fig. 6). Conversely, the coeff1-

cient of correlation  between UAE  and  UCIE  was  highly

negativc  (r=-O.624, p<O,OOI). In contrast, it was  shown

that increascs in uLA  originatcd  froin an  elevation  ofbLA

aftcr cxhaustive  exercise  (Fig. 7 (I)). This quadratic regres-

sion  curvc  shows  that uLA  gradually increascs from the

lcvel of  bLA  when  grcater than 4mM.  A  remaTkable  reduc-

tion in Cl concentrations  compared  to that ofNa'  in urine

30 min  after  exercisc  may  be undcrstood  to compensate  for

an  inerease in the urinary  anion  gap (uAG), which  was  thc

greater part of  the increase in uAG  which  originated  from

an  increase in lactatc excretion  into urinc.  As shown  in

Fig. 7 (ll ), both lowcr and  highcr cxcrcting  uLA  groups,
L-uLA and  H-uLA. which  are  locatcd under  the lower

limit of the 95%  confidcnce  line (fi -  1.96SD) and  exceed

thc upper  limit (7+1.96SD), respectively,  werc  observed

in spite that thc bLA  reached  10 mM  in both groups. The

urinary  C]' eoncentration  in L-uLA  group was  signifi-
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cantly  highcr than that in H-L[LA, and  UAE  in L-uLA was

significantly  low compared  to that in H-uLA. Increased

lcvcls ofHi  in thc blood stream  aftcr cxhaustive  cxcrcisc

w ¢ rc  considercd  to bc the samc  bccausc thc bLA  ]cvcl in
thc L- and  H-uLA  groups was  almost  thc same  (ovcr 10

mM),  Nevertheless, the urinary  excretion  level of  LA  was

different in the L- and  H-uLA  groups. The inore  the uLA

excretion,  thc more  the urinary  excretion  of  albumin.  It is

thought that thc excess  amounts  of  lactic acid and  pyruvic
acid  produced  by strenuous  exercise  were  filtcred in the

glomcrulus, not  rcabsorbcd  in proximal tubules (4) and

prcfercntjally cxcrctcd  into urine  to normalize  the acid-

base balance disturbed by exercise. The precise mecha-

nisms  fbr the association  between enhanced  Cl reabsorp-

tion and  inhibited reabsorption  of  lactic acid, albLunin  and

lower molccular  wcight  protcins (not measured  in this

study)  at preximut tubu!cs are  uncteaT,

Conctusion

    Reduction of  Ccr and  an  increase in UAE  after  ex-

haustivc exercise  dwindlcd, while  rcsting Ccr decrcascd
and  UAE  incrcascd with  age.  Closcd  rclationships  among

the excessivc  VO,max and  bLAmax  and  an increase in
UAE.  as  well  as a reduction  in Ccr were  notcworthy,  It
may  be that the effects  on  the  kidney lessen due to a  de-
crease  in energy  production during exercise  with  aging.
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