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Changes of Urinary Protein Components after the Physical
Exercise from the Viewpoint of Sports Medicine

Hideo SUGIMOTO

Department of Hygiene and Preventive Medicine,
Niigata University School of Medicine, Niigata, Japan
( Director: Prof. Masaharu YAMAMOTO)

In order to gain a better understanding of the merits and demerits of sports, the
urinalysis of healthy persons before and after running was undertaken. Urine samples
were collected from male students before and after 10km running at the maximal
speed. The samples were analyzed by measurement of total protein (TP) concentration,
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western
blotting. The followings were observed;

1) TP concentrations of the control group (before running) were less than 30mg/
dl.

2) TP concentrations elevated following running with their peaks immediately or
1 hour after running, then decreased approximately to the control levels within 3
hours.

3) Total protein excretion within 3 hours was 62~1,089mg (353.1 + 265.56mg
(mean+ SD)). Furthermore, TP excretion of 15(83.3% ) of 18 subjects was less than
500mg.

4) SDS-PAGE and Western blotting showed that albumin was the main protein
band in the urine which was collected before and 3 hours after running. However, ar
macroglobulin, immunoglobulin G and transferrin were seen in the peak fraction of TP
concentration, in addition to albumin,

It is concluded that the runners should decrease the intensity and/or duration of
exercises, when one or both of the following changes in urinalysis appeared;
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1) Total protein excretion within 3 hours after running was more than 500mg.

2) Other protein band(s) with higher molecular weight than albumin, were seen by

SDS—-PAGE at higher concentration in the urine collected 3 hours after running than

before running, in addition to albumin.

Key words: sports medicine, physical exercise, urinalysis, urinary protein,

electrophoresis, Western blotting
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& Vancalck O#&ED AL CHBR TV S, #51219~
21F OEE I letE158 @ allout BREIEOREHD TP,
Alb, Bom OREZXRE L&A, ZhHIFILA
i I — BB LT, OSEER TR A
W EBREG OB IR EA TR Eh, 0
miz Poortmans & Labilloy 2 22077 §ijk o 5B F%4F
g LT, 100m, 400m, 3,000m % (Fh¥*
NEALAR) £HTESLET, AR (1EE) Bk
UEAE (304) B LR TP & Alb OE
FRE L EZA, MERTNTOMATAMERCEMNL
T\iz, ZOHEIMOK E X3 400m, 3,000m, 100m
DIETH -1, FoTHELE, REOOHEINCTESRE
Bk s HEBFAI L » bR E <IERT 5 & L.
INLOWEND, 5 ITEENC L - CEARED FH
R L, ot AIREEOHRIES L 5 1o iz,
REAOHEAHEM U 2 & 2 7.

EFELEDAFEOREAOE L >V THRE T -
TRz S, RO LHREROEHEND 7 5 7%
R LI 7 TR S4BT T AT OHADT A
BOEY, SH & I6RFICHI L L ROEHAERE L.
ZOWFETIHEHERBRZ CORB O ERDTY &
STIER) (o h—, SR F b, BLREE, KKkTH
0, BERERG 2R B, REACEO LY hEEYD
T2 BB L EIDOBFTH -1,

FORRE, © TP BE CEHEERRFE) T
R E 75 TIEENENE S EREUR ¢ (14, 37.3+1.92
mg/dl; 24, 44.5+£3.75meg/dl; 3%, 40.1+0.9%
mg/dl), 16BHREURT (14, 45.0+12.62mg/dl; 2
#E, 54.9%+11.60mg/dl; 34, 49.0:0.67 mg/dl),
k7 7 TIEEE T SRR T (14, 456.4%12.12
meg/dl; 24F, 43.1+£3.70mg/dl; 34, 42.0+3.07
mg/dl), 16WHEEURT (14E, 49.8+18.99mg/dl; 2
4, 50.1%3.01 mg/dl; 34, 49.8+2.18mg/dl) T
o, @ SDS-PAGE Tz & A X 0BT Alb 2
FTRPHOEE Y FIMEPRETH - 128, HPITrk
Alb L L EGTFRELBITRREOE 2 Ll FDK
B3 FOEBREICERD b i,

LT, 27 TEBOREC > TREAIZED
CLBMCLELIAZEIRD LA -LY. O
Rix s 7 7ESC L 25 E~OEEVRBEOh, HED
Bz X500, XHBRFETLLERS S D & HRE
Shi.

F T, EBHEDEHAFNCIE L OAE—-vOEBT
HHEER T EAL. b, EEATOME &5k

Ml HsREOERME 2R 5 E%RD 5, Poortmans
& Labilloy O#%5» #8#81C LT, 22 TH 5 gk
BENLfT->Tw% 10km FERIEORD TP M#EE -
SDS-PAGE B8O b ##HT 5 L L. &k, B
m, LZM, RBP 7t & DESFFERAEEAREES R
CHEE L, REE L D ERRERY, RPBELEVO
T, FHFIFK Alb U EDSTFROBHCESZE
7.

Eb, BEAOEBEFEOREHOMD £ H =
A uHBBEHIDIE, TTEADZ X LDbD - FERR
MEHEBREOREN% SDS-PAGE THH L1,

Mok & F &
1. # #
1 #BEAORK
NAFEOBF4 (B EBREEBI0A, 27y -
AEESA) L0 10km £HFEOH [ 1K &
LTHEA L] BLUH (TR E0ERE, 1R,
IEH) CEBELLLOREEAORS Uiz, RizFH
REBIR L., ZhboRBIENERCHEAE LT
NaNs (BRIBE0.1%) *¥mL T, EbicEE (194
C) CEfFELE. &b, FOHD5 B 3,000 (/1
e EERI0S R OE I L B A BRI ERER

#FL, 1B L.

2) BRFEBEOR

BRFEBEORT, FREMOKRROABOEERE
CAER L 24ER b 6 1 R S Wi D Th 5. 1)
EFERRT, BELC BB O LB B A ERR
FLLBEMLRCOH Lz, BEAEIT 1~2 g/24K5R
THh -7,

3 A OE

Ty (HR), B BR), 7704738 (B
FHEE), NN -AF LY R (729473 F) (Bis,
BEXEA), NN,.N ,N-FrFAFNIFLYIT
i v (TEMED, BRuEH), BHEB7vE2=v 2
(APS, %), 7V en—n (R, TIF7T5 90
10B (—#k), # %7 —n (—ik), EiEk (—&%), Tween
20 (E%¥R), 47 no-1-+ 7 b—A 3RO
BEALAL. PUA (BFoFotFn) 73228y
(Tris), 59 U AKEERS + U v & (SDS), 4miE7
73 v (BSA) it Sigma Chemical Co. D85, Co-
omassie Brilliant Blue R 250 (CBB-R) % Fluka AG
OBG, BB ARI=ZFLMEEOMSEEH L.
SDS-PAGE DS FB~—H—IC3aRE « 44D
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myosin (200kd), phosphorylase b (97.4kd), bovine
serum albumin (68 kd) %{EF L.

vH¥EH e b 1gG Bk, Y FHe b [gA A,
THFEHfe b b3S VAT 2 ) YHEIE DAKO JAPAN
CO. ORLG. v FiHie b7 A7 I vHE, YFEH e b ar
2 s ragy vtk St F o x— vEEY £
FF IgG PiEIE Miles-YEDA O, ~vdd o 44—
HEERR Y S F P ¥ 1gG i ICN Immunobiologicals
DB AR L.

4) =tobin—xfE

Western blotting Tt Tovo Roshi @ membrane
filter (CAT. NO., AO45A224D; pore size, 0.45 pm;
diameter, 220%220 mm) %{#E/H L.

2. K &

1) R TP BEORIE

FkAEH D Micro TP-Test wako THRIE L7, &
DOFITER L pyrogallol red-molybdenum (VI) (PR-
M &883) RREOHE T 470 nm CERARRE L >
B, EALEELT [PR-M-EABAE] chb b
BEE URARNS 604nm &7d I EHIGA LIS
DOTHDH. EEIZOF» FTIze b Alb (100 mg/dl)
HEEEMER - LT 600 nm ORI A NE L TEAR

BEAHEH LT3,

2) SDS-PAGE

REBHE MBO b ) AEER [20 mM Tris-HCl (pH
6.8) —20% glycerol —29% SDS —0.005% brom-
phenol blue] LEFML, BEHEA T2 FMEMB L%
A& Lic. ZoFE% Laemmli OFHED ¥ LT SDS-
PAGE (7.5% acrylamide, 0.2 % bisacrylamide gel)
THHT L. BRkE R, 0.025M Tris-0.192
M glycine (0.1% SDS), pH 8.3 #H L. BX
kB 10mA TU~16BHIAT - 7. BRIKEIE Y L7
OEEE, BAE (CBB-R 0.25g, A %/ —2 500ml,
HfE 100ml wAKEZMAT 12 KLicdbD) T3~4
RS fe Lo tl, BB (£ 2/ — 250ml, HeEE 70
ml CAREMET 18 ©Lchd) #HEEHL Tt L
7o,

3) Western blotting

Western blotting (& Towbin 5 O#HiED, K EF
MOBEY, SHOFEO WU T -1, LoD 2)
EREBRIC LT, BILRZEFA T O%&MET SDS-PAGE
T 1ot FAVNTHTFRCEKE L TOBhER
i, BEEKBMCS bt o—-ABCER L. B
#, =trbro—-2RED 1 L—viE Amido Black 10

Table 1 Characteristics of subjects

Subject e Height Weight Best records of 10 km run
No. (years) (cm) (kg) (minutes. seconds)
1 22 171.0 58.0 32.42
2 22 170.0 56.0 33.58
3 21 170.0 55.0 32.36
4 21 174.0 57.0 35.24
5 20 165.0 56.0 34.16
6 20 177.0 65.0 38.40
7 19 167.0 61.0 36.18
8 18 165.0 556.0 35.15
9 19 171.0 62.0 40.16
10 21 165.0 60.0 38.35
11 22 181.0 58.0 38.52
12 22 177.0 68.0 37.49
13 21 164.0 60.0 41.05
14 21 186.0 81.0 41.23
15 20 184.0 72.0 40.17
16 20 178.0 72.0 39.35
17 19 186.0 72.0 39.11
18 18 168.0 63.0 40.45
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NOBED LRILBEIAR, AAFHA—-—EOK
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1. EBEENRAHIEROR TP BEOEEMNEL
BEAOEDHAFMINEOR TP BEOKRNEILY
Mpdr, BEREROZEEINRE AR v bR—
WOEES LD 10km £TIEFEORAER L. &
DIBHROLEHHREDOES, HK, FH, 10km £OK
EitéEh Table 1 WRL7. LR TP BED
PERHELLYBRE L, FOFRE% Fig. 1 ©RLE.
¥, ZCTW, BO/A—TOHERER TRV,
BRRELDTRLL, ERLETXTORIZARBR
MRRES LRI -F. LaLshs, Fig. 1 0 10
km EETHEE (ZOFEREBTEVT5~155TH-
72y @ TP BEH 192mg/dl, 150 mg/dl TH-7-2
BT, BRBSEEYELTWAEIErLEBRREED
ntc. ZOEBRTROFMREE.

1) EBAMIRORIMER TP BEW, EBAR
B (BEFORE, 7.4-+6.63mg/dl), EBAMKTEH
(5~15MIN, 46.8+51.16 mg/dl), EE)EHK T 1 BT
# (1H, 41.4+29.60 mg/dl), EEAFKT 3 Rtk
(3H, 10.1%+5.97mg/dl) TH -1

2) HEPATKT IRMI%CIZR TP BE XA
DECRES D, ¥ 3 rORBEOE s - T,

3 HEHEAFKTHEOR TP BEOC— 7 2EEN.
1 fE#geED b hi.

T TP BEARIVLTF=VvBETHE L -
O ZBHAS S, b, ZITERATLAIVLTF
= v OB Jaffé IETHY, KERFEILTF =V
Jaffe RICHEIC & - CTHEECBRERELE ML TH
ZD““Z).

2. EBHAENBRORESOHEHE

[# e A kiEd ik, FERZER LT
W, REIZFPHHLBCH L, Bb, EBAMKT
EHIE 30ml, 1BXU3RHEER 50ml &L &
WREOREBAREREARELRENHELLT, &
HEEES (5-15MIN, 1H, 3H) 0BAOEBELFh b2 S
it L [(5-15MIN) +1H+3H] 8EA & (TOTAL)
ELT Fig. 2 @Rl BREUTOEEYTHS.

1) EBHAMKR TERCEDR LROBARIT 12~
579 mg (140.5+153.97 mg) TH -7, 500mg Ll E
OREASMEZADLFEZT 1 B0 TH -1,

2) EEANHET | B L ROBEE R 46~
500 mg (207.2+147.99mg) TH-71. ZIT¥h, 500
mg D EOERBERET 1 R-RBD bRl Zo#kER
HEBHATRTERC O ESYE 500me LLETH
9, Fig. 1 T 5-15MIN © TP BEH 192meg/dl ©
HTH -7
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BEFORE 5-15MIN  1H 3H
TIME COURSE

Fig. 1 Concentrations of urinary total pro-
tein before and after 10km running.
BEFORE, before running (1 hour;
used as a control group). 5—15MIN,
1H and 3H are 5—15 minutes, 1 hour
and 3 hours after running, respec-

tively.
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12.0mg (5.1+2.98mg) Th-1.

4) EBAMKTEIRE G 2 RoOBEAIHER
(Fig. 2, TOTAL) {2 62~1,089 mg (353.1%265.56
mg) TH-tl. BEATHEIZIBAFISA (83.3%)
T 500 mg K TH - 7.

3. REA® SDS-PAGE &OIN¥—

ZHEBEOREBR D SDS-PAGE #Ii2FRL LT
Wi &b, £RIRE, TP BED C— 758 150
mg/dl #7R L EBcEof% Fig. 3 WRLk. &2
T, BEAY FRSFROKAkEVH (Fig. 3 Tt L3
b Pl, P2, P3, P4, P5 &MEEC LIt Lic. %
BRI S TO & A L.

1) EBAFTIORCEGTIR P5 BRERS T, @&
MOBEAAY FIXBEAERDLRE D -

2) EBAMKETED TP BEAE—-20R (5-15
MIN # 1H) ik, Pl 26 P5 $TO5KDEHA
YERBERS bR, Ebic, P5 EEAMETL DL S
VEDRRELSY, BESABE L EAELM L
fofiL, TP BEMEVGCEHEIIL PL & P3 (MEKE
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Fig. 2 Protein excretion at each collection
time and total amount of each sub-
ject after 10km running.

Mean value in each fraction is in-
dicated by the horizontal bar.

ETh-t. —H, P5 Lo dESFRECLER Y
KA 1~2KED LN

3) HEENARH T H I RECERR LR Tk, P5 B
HOEH A Y FIRIBEAERDLRIL) 1.

ik, F-2LLTRRERh-1H, EEHARI
Poortmans & Labilloy ®#%% & E#EiC 100 m, 400
m, 3000m & L, TOEHE, 1RHE, 3&HEER
BLED TP #E, SDS-PAGE #i#5 L. TP
BEOC— 7 3EEHARK TERE 22 1 BR#gIc s
BLERERDLRL, FhFhor—27 %R L3
@ SDS-PAGE #itiz b A d Fig. 3 LEALTH 1.
ChLOEEBAHERNMS, ANBEORD TP BE
EEBO SDS-PAGE OB, BICRENDLD
PVEANCIIGER R 2 — v Th o T

4. Western blotting [CLBEBE/N\ FORE

Fig. 3 SDS-PAGE patterns of urinary pro-
tein before and after 10km running.
Protein bands are designated as P1,
P2, P3, P4 and P5 from the high mol-
ecular weight region (top). MW,
molecular weight markers: myosin
(200 kd), phosphorylase b (97.4 kd)
and bovine serum albumin (68kd ).
FD, front dye (BPB).
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Western blotting iwX ® Pl X asM, P2 T IgG,
P4 Ik Tf, P5 X Alb &EEEh (Fig. 4). #1 1eG
Ptk & BUG LA A Y FEEARD bR, P2 i
STRHE 160,000 TH - Z v d 1gG (heavy chain
2 & +light chain 24&), P3 i IgG OFEMELE 2
bhic, F—2& LTRBRERD -, 1gG &3
RUNMEE, PEEES [gA #HBD.

5. ¥ERBBEOREAD SDS-PAGE #

BERFEEORERD SDS-PAGE #icit, ¥4 0
FEEBANBORD SDS-PAGE SIcED b hicEH
AV K (Fig. 3 @ P1 56 P5 $TD5HK) OIFMC,
X1 b X6 FTOERAAY FRAEDLRL (Fig. 5).
AW, Fig. 3 LkRinn, Alb L v HESTRIK
LIEH A Y FERD LI T

% £

ARV PO ETE L EELALSGATYE, [RAE—-
BERCREN TR E OEER] LT 9 B BRI,
NIHBECRETE DI TR L.

COMEAREREAT DS OFFEER, 12U
WL Tl 7o &5 i IR T2 » T 5.

R, ORMEOBEENITIIRS oo, E

A B

UP ax® Igh Tr Alb || UPaxM Ig8 Tr Alb

o~ d
_o

}

+ = [
= O

Fig. 4 Identification of protein bands by
Western blotting.

A, electrophorogram; B, drawing.
UP, SDS-PAGE pattern of urinary
protein transfered to nitrocellulose
membrane. a2-M, alpha 2-macro-
globulin; IgG, immunoglobulin G;
Tf, transferrin; Alb, albumin. Cor-
responding antibody against each of
these four proteins was used as the
first antibody.

BAF T - LB EEE I 2B e ke L. *
DRG A= ELTIHRD TP BES LUEAD SDS-
PAGE OB EAY. REARFCMKCEEL
—ERIIRBCEE LT AR, ML 0 LB EEE
ER#CCRBE LTRVRTVWZ Eoahr, RIIE
BECER S 2T, poMEE D b ARCERTE
B EOFENRS L. &bz, TP BEORES SDS-
PAGE & X 23 ¥ it AR £tk 2 04 5 2 L A
FTHERITH D,

ks, BB L - TEARSHEETIERT LM
NTWARWIS Fi RBeicid Alb UTOSFEOE
FE% <5 TV B0 58 BEIRO TP BE
s Alb Ll EogFROFHEO SDS-PAGE #ic

Fig. 5 SDS—PAGE patterns of urinary pro-
tein collected from five patients with
diabetes mellitus.

Each patient excreted urinary pro-
tein 1~2g/day. Urine samples were
diluted (x10~15) with 0.9% NaCl so-
lution before SDS-PAGE. Other
protein bands (X1-X6) were ob-
served in diabetic patients, in addi-
tion to those protein bands (P1-P5
in Fig. 3) observed in the healthy
persons. FD, front dye (BPB).
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EaRE TR L

FOEE, EBHAN (10km &) #HoORHBEIZ Alb
U age-M, 1gG, Tf R EREMLILZ E2ED
fo. TP BEO Y — 7 I EBARRTES» 1 FEET
Hoto. EEBAFMORIE Alb BETEIOERST
BEBDLRIEh T FEOABEOEADI B, ag
M G EMWHERIEHE (acute phase reactants, APR)
D1 2>THH, H protease inhibitor HEME% & >5
TR 820,000 0ESFFEHATH S, APR ITEEMNR
P2 B & ORIBAEZT T ST HRT 53T
Cid, FIGOFG S OTHEER 2 B 520,

—%#, 1gG BHMGEEAOKRENTLOTHS. B
ARGl E ORIBA T I TH S, FiEH s
Bt LB ASET AW,

Alb & Tf BMEES CGERED, BE NEEE
FER, BTy, @S KER T A
D5 LOEBREACE TS, ChbORENEREFC 1
BERTRTHE TR CEBIT A5 2 L322, 205 %,
ZCCAM L. 10km BEOEERD I, RS
MEOWHESC & - THH TP BEN LA LTLEY
IR &HEEEN B2, LDz L bEENEELD
L, BEIREG S LR EG 5 —BEOEA ORI,
SFB LB HBOBREDET & 2D B ARERED—
B O TR S HEE S R,

¥, EBARRTELH IRMoMRicHt s 1
FEEHOBEIT 62mg~1,089mg TH-71. 500mg
PR BE B EBE R o%A: 3 Ao bl RE
BEE CTERALE © <200meg/H (normopro-
teinuria), @ 200~500 mg/H (microproteinuria),
@ >500meg/H (macroproteinuria) &I hTuw
52, ¥, EBAWNERO-BHEOEARIE, EAR
OFETIE, EHOBEREEARCE L. BER
HEAROBEL, ¥EOERFHERCHAOKRBBREL
BT, 100me/dl (18 1g) AEHEMERELT,
TR EOBAIE, X6 IEE R REECHMY
KBRS IR TWAIN®, AEOER T, EEBA
P TH IO RESREARE Loy, 1 Ao
ZO3RHELA R ABER T A TA AN, ZOED
EHAMET - B, L4 OEANEEE A
Briiich. REAOCBOLCER LT, HEEBAMK
THIFHORESREY 1 HELKET S &, macropro-
teinuria CHYST2HERENI AWl b. L
LA B, Fhid—BETH -1,

—%, BEAOEBAREORD SDS-PAGE &%

BERFEEBEOBREOLOLEET 5 LUTOZ &HFE
Hhhi,

1) #EAOEBARBORESD A Y FIcHEMd 5
SNV FRT N CERFREEIEOEEOREQICED A,
7o Alb LV ESTFRECIHEL D LEECELD
Sy FhED LRI

2) £BARXNLT, Alb LY LESTFEBECED
LhABRHBOHRITEE AOEBARHDORDIE > 2
BREEBECORLI D A REL T

WERLE 1) ofFRaes, EBAMET SBWA
T BB AR L 5 BHOFERMENHEINT % 2,
TR S BRIBHBEORE X 0 L OB DE
PHRMR IR TV S LHEEFIRD.

—%, 2) ORI, BEACEBARKCIIFRME
B L 2EAOHRIK S B £, —aMcETL, B
RAAVEEE TR OBEEOE h L R OEE R
BOILETBRTLLOTHSLD

T, EEAOEBATIC L 5 ERRE L HEA
OFEBOHEM L, RETC X 5RAOERND R
FETS B THEZLNEETHLEEBELD
ha.

AT, UEORBEAR-VEEREDOLD
CRRRAETTH N, COMRTKETHD. TORDHIT,
¥, AE-YOHCOWTIHRN, RICAE— v O
BAEMEE OBET, SEOBROMRET VL.

ZH—VFERDE SN AOALBIITHRERTV 5.
B, @ B, @ BE O 8%, O RMRRUE
& ® oM, REThs.

B A F—  SRREE R K — VT, BB akEE
FWBLEAEETERS LA DB L L, EROE
DB ROBEEY B E LB, BEI8IL-
LOTHD. EEHOSEIOPFR THIRE & - Toke B
BRO S A » b R— VRO, HOAIBERE A o —
YEAMNE LELRR LTINS S, BLEEEEOE
412, 10km &HEREOEER T 1 v — X vidic1o
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