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Mechanism of Exercise-Induced Hyperuricemia. Shinji HApANO, Masashi
OGcASAWARA and Akira ITO (Laboratory of Exercise Biochemistry, Institute of Health
and Sports Sciences, University of Tsukuba, Sakura-mura, Niihari-gun, Ibaraki 305, Japan)

This study was designed to make clear why increases and decreases in serum uric acid
levels after vigorous exercise were delayed. Eight healthy male subjects who were given
allopurinol before exercise participated in this study. We performed exhaustive exercise
test on bicycle ergometer, and investigated the changes in purine metabolites levels in
blood and urine. Results were summarized as follow ;

1) Serum uric acid concentrations did not change significantly. Urinary excretions of
uric acid decreased from 30 minutes to 1 hour after exercise, and recovered thereafter.

2) Plasma oxypurines concentrations exhibited the maximum level at 1hour after
exercise, and maintained the higher levels until 7 hours after exercise. Urinary oxy-
purines excretions exhibited the maximum level at 1 hour after exercise, and maintained
the higher levels until 24 hours after exercise.

3) Plasma inosine concentrations increased only in one subject. Plasma hypoxanthine
concentrations increased significantly in all subjects. Plasma xanthine concentrations did
not change.

4) Blood ammonia concentrations exhibited the maximum level at 5minutes after
exercise, and returned to basal levels at 2 hours after exercise.

These observations suggest that the delays of increases and decreases in serum uric
acid levels are due to that the prolonged release of hypoxanthine from skeletal muscle

lead to the prolonged production of uric acid in liver.

key words : oxypurines, inosine, ammonia, exercise-induced hyperuicema
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FHESY 1L, BUEBR O MIBREBEY, KT
1~ 2B BIE LT — Z7fE%R L, 245%
MgrswCdEELRVWEWIEHS, Tib
LEBEERBESCOWTHE L, ERR
ED LR, REBERDOIIEL X5 &%iEH
LY. Lil, ¥—7fEk X OEE O BED
FRE oW TR LTI

—7, REEE R D JL#ET, adenine nucleotide
degradation DT XD LOWMENH L In
TR T W B3B0L2 g3, C, adenine
nucleotide HFEBCRE E h 5 ¥ COKEKD
RBHEMS, ©— 7 {HR X O EEDBECES
LTWwWb EELLRD.

(FBFN624% 3 A 3 ARAT]

MNERLPIE, chboRErsSEL, KRR
BLOXORBYE TH %5 oxypurines DEHE)
HOBIREIC D TR L 7ckS R, oxypurines D
BRI 3o 7o % £ BUTHED LG RRED € — 7
kX OAEOEBERCEE LTS L wRR
L7 LiL, oxypurines (X, HRRHEY
ThY, R TOFENTRERID, LOH)
RIERBELERCRKB LTS LIIEE T
o\, FCC, X b IFREC oxypurines DAL
BIRR A H#E T B IciL, oxypurines % purine &
KREEDETH LABELD. DK,
adenine nucleotide degradation @ JT # &
oxypurines D4 FH LA & OEIE LB S i F
% Todiciy, oxypurines D RIERE OB RB i
OWTHREFTHE LB ELRD.

P Exs% 2, APRTIE, RER4RIHHF
©h % allopurinol % # 5 L, oxypurines %



152 EEHRRBRESOXRTIESF

purine HAEAHEY & LIRBTOEFHA T &
£, *D#H0 oxypurines (hypoxanthine,
xanthine), ZDO Y E CTH 5 inosine, ¥k X
¢ adenine nucleotide degradation dD#g#E &
7% ammonia DR {LIC O W TERER L.
Z LT, TOFERYECIRERE:BEK O BHE
HEHEE L, EBHROMBERBRED £ — 7Ek
JUOEEOBED TR OWTEE L.

I.% & % &

A. @i

FER, AMEOXERERAL, HHLT
Shi-lE B8 4 ThH - iz (mean+SD) :
s 223113, HE ; 173.8+35cem, &4E ;
74.7+12.1 kg).

B. ERFHE

T 6 B304 % Tio, BREYERERRS
%, FRi TR BMmMS X OHREOH%, REp4:
BAHIA allopurinol (200 mg) % A 4 vZg#K
300ml & EbEOHEL, LT 2O
R 2RI, FRT9 B 2 E B ol
BIOBRRZT - 1otk, EBAMLER L.
EBRTHORMmE, 0, 5, 304, 1, 2,
3, 5, 7, 24Bs8 T o o F o, BRI,
EBRTESEZER VUL, 8]0 &R URERT
sl B, FEE T CHIEFRESRD ST
W, 12ml 8 Ui GEBER). 1LEMM Eo
FifR%BT ¢, EBARMYER L7s BT,
TRCA—FHEC X AHBERYER L. £
B2 HAi» b EBRKT cofik, EHAML
HOBWUCEEER 2 — 2L L. EBIT,
19854212 7 2> 519864 8 Hic ) CTHE M L 7.

C. EE&FE®

EBHAML, =7 - 7HBAERE= L T2 —
#—% A\ (EEE : 60rpm), 1L5kp D& T
250 warm-up D%, AWEHE LR X 5
exhaustive exercise »SEi L7z, AL 24
Z L 0.5kp 30 RH &%, BORDDOHFHRE
M X £104¢ exhaustion i\ 7c5 X 5 icsk
L.

D. AEEEE L VRAIESE
WEEE S XOWEGE(H v = AN, M
¥ X O R hRE: (uricase « peroxidase #:2V),
I8 3s X O R b oxypurines(xanthine oxidases
peroxidase *), Ifii+ ammonia (BB £ &),
¥ % X O R creatinine(Folin-Wu #:21) ¢
Bote. i, BEE3IL DT, Mg
inosine, hypoxanthine % X ¢ xanthine (high
performance liquid chromatography #*%) % %
o CHIE L.
E. ®{knEys*x
M¥% 2ml % 1.5% sodium heparin %3 20p!
AV REBFINZ, FFL 3,000rpm €105
EOSBE L, Mm% oxypurines JIE £ L.
FBER L= 1 ml o 18%k¥%:BIE5EEE
500 pl Z¥MN L, 2053Rk% Lictk, 9,000rpm
TS5 4EhEOSEE L. kiFk 5N o KOH 250
pIEHEIML, SHIHEBESDEFET LS Y
ML S0pl2ing, pHES 258 HEL
fo. 1EEHLL Bk, 9,000rpm ¢ 5 4D
EHOOBEDH, k% inosine, hypoxanthine
¥ X O xanthine DB L. MK 2ml %
10% EDTA E¥% (EDTA 2Na+EDTA 4 Na) 40
A b REBE N, 10% sodium tungstate %
Wiml 2L, INGIER Im! 25T L,
+HreBER L. X bz, 25T ¢104+/] incuba-
tion U7-%4%, 3,000 rpm clO4EhELSBEL,
L& % ammonia JIECHE L. B OMK %
1543 ik, 3,000rpm 104/ & O & B
L, ME»FEE L0 creatinine DHE L
Uiz Rix, MEBEEHRIL UTHERL CHIER
$EL e,
F. &a&t
ERIHMIDET Y VEERERENLE
%3, 77 =4 v D methylxanthine %
IO 7 v —AoEREEEE L. i, £k
HEDSBENCEBKTHTRME 2 TO M
X, —PoKEEEE L.
G. #atnEA*®
KIEHDfEIL, $XC mean+SE TR L,
EHER LABEROMEOFEERERIL, &
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FEROKE(F e ofExEe, B Lich
\» Student’s-i-test B % Wit Welch-#-test %
Buvic. RREEZEOBRRL, 5 BKREUTLE
L.

II. ¥ & #& R

A. [iERERRE (SUA LB

SUA oZfbw Fig. 1 @ Ui, EBBME
Hivx, WEBRHECEZRONLh - o GER) vs
S 5 5.32+0.32 vs 5.32+0.27 mg/dl). EBH#K
THE, 1RHBCHREREOENES (B
B vs %R ; 5.47+0.29 vs 511+0.25mg/dl) &
Y, FO®LERHER CREMMA LR L.
LA L, fhoECEREZIR DR Ih e

B. RehRERHEHE (UUA &RE)

UUA oZ5ft% Fig. 1 iR Lic. SEEBIAE
Bk, WERMCEZIR ORIk (EE) vs
SR 5 0.44 & 0.07 vs 0.48 + 0.06 mg/mg cre-
atinine). EEy & T #1, 305K GES) vs X
f® ;0.1020.01 vs 0.54+0.08 mg/mg creatinine,
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p<0.01) 25 1R GEBY vs WHE 5 0.17x
0.02 vs 0.4940.06 mg/mg creatinine, < 0.001)
EHTTELLET L, 3RHBEE L.
C. mn#% oxypurines g (POP &HE)
POP % {t% Fig. 2 iR Ui, EBIBKRE
BE, WERBRMECEZIRA bR - 12(3EE) vs
KA 5 18.1+3.6 vs 16.8+3.0 pmol/l). EH B #&
THZ, EENGERL, IBHGcESHE
(3EB) vs XIB ; 66.7+£6.7 vs 15.44+3.2 pmol//,
p<0.001) &R L, ZDHE 2 /ET Licas, 7
B cLEE GEE vs R ; 249133 vs
13.542.5 pmol/l, p<0.02) & 7R L e,
D. FR+h oxypurines HEit® (UOP & B)
UOP o# k% Fig. 2 iR L. EBBIRE
A, FRBRECZEE R ORIk - 1(EB) vs
%R 5 0.30+0.05 vs 0.36+0.04 ymol/mg cre-
atinine). EBIKTH#I1E, 30454052 -
AL, 1FMBeRmEEGES vs X8 ; 6.26+
0.48 vs 0.56+0.05 ymol/mg creatinine, p<
0.001) 7R L, ZDHBERARET Licnd, 24
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Fig. 1.  Changes in serum uric acid concentration (SUA) and urinary uric acid excretion

(UUA) at exercise experiment (@—@) and control experiment (O---O). Values are the
means=+SE from 8 subjects. Statistical significance when compared to corresponding mean
values at control experiment (Student’s-f~test or Welch-#-test) : *p<{0.01, **p<0.001.
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Fig, 2. Changes in plasma oxypurines concentration (POP)and urinary oxypurines

excretion (UOP) at exercise experiment (@—@) and control experiment (O-:-O). Values
are the means+SE from 8 subjects. Statistical significance when compared to correspond-
ing mean values at control experiment (Student’s--test or Welch-i-test) : *p<C0.05,

** 50,02, *¥*p<0.01, *F¥%p< 0,001,

R4 C b S 1E GEE) vs SR ; 0.21+0.03 vs 0.12
+0.02 pmol/mg creatinine, p<0.05) %R L7-.

E. [i#% inosine RpBF (Plno &RE)

EEHRTH 3EM * ©o Plno oZ{k% Fig.
S @ABICR Lie. EEEBEL, WER
EhrEAEMBERALT (0.9 pmol/l) TH
St BEETHI, #EE TS 0ORATHL,
i ERARZ LR, EBHRTHGRERE (B
) vs 3R ; 36.5 vs <09 gmol/l) #7x L, 3K
BT BT HEE GEE) vs R ; 182 vs 3.0
pmol/l) %78 Uiz #ikE SS % L0V KY T,
HEIRR LWNRBER OB EABOEITRD
nicho .

F. m# hypoxanthine 2 (PHx &Bg)
EEHR T # 3 5 & co PHx oz k% Fig.
SEAFICR Lie. EEBIMERTL, WER
R Rohieh o 1o GEB) vs W ; 83 vs
9.8 pmol/l, mean, n=3). EBER TiT, T
NTOFRECETCOGENL AL, 3k
itk & CRELZR L. £EHEEOREER,
SS “Cit 73.8 pmol/. (30448), TS iz 123.1
pmol/l( 2 B8 ), KY it 71.6 gmol/! (3043
B) Thoto. WHEEERTIL, allopurinol #5-
#irxw ERTAEANESh I, Lo
B, EEERCH LE LB,
G. M3 xanthine BE (PX &HBE)
EEE T 3 M % ©o PX oz {k% Fig.3
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Fig. 3. Changes in plasma concentrations of inosine (PIno), hypoxanthine (PHx), and

xanthine (PX) from 3 subjects (SS ; 0—0, TS ; A—A, KY ; 0—[) at exercise experiment
and control experiment.
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Changes in blood ammonia concentration(BNH;)at exercise experiment (@—@)

and control experiment (O—O). Values are the means+SE from 8 subjects. Statistical
significance when compared to corresponding mean values at control experiment. (Stu-
dent's-t-test or Welch-#-test) : *p<0.01, **p<0.001.
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AR Ul JEBBHIAE AT, W EERM
CEITR ORI - fe(GEE) vs R ; 4.8 vs 6.3
pmol/, mean, n=3). FOHI%, HBEBR
FWTPR BT 5EHANR bR, EE!J%
BTz & A EBL Lieh o e,

H. fish ammonia g (BNH, &B%)

BNH; ozt Fig. 4 iR UicEB BB R
1, MERBRECEXIRORh - (GEE) vs X
MR ; 354438 vs 33433 pmol/l). EEKT
®ix, EE»LABC LR L, SSBCREE
(GEE vs W ; 141.24-21.2 vs 29.9+ 4.7 pmol//,
$<0.001) &R LABIET L, 28:R% 8l
BL .

V. & =

IERBED BRI, &S CEBE LRE O
+0.36 mg/d/(mean, n=8)TH » #=. =k
59 13, allopurinol ##¢5 Lis\kEBC D k
BB, 5 +1.89mg/dl(mean, n=5) &
LT3z &b, ARRCTHEIhIC LA
FERPIVEELS. COoEFETOERIZ, R
FREBHHEOE LWETHABE LTS3 0
LHEIND. ¥, RPRBHEER, EH
RTHRIFFCHBERO VA BIE L
73, allopurinol % #5 Lig\ REETHEE 8l &
Sh3ELVERETTEBRSE YD BRI hinh
ot Uichis T, allopurinol #5 X bR
BAERAHHIR D EELS. ok, HR
EBTHE I h e allopurinol #5400 R IR
BbkttED ERE, RERERIHCTE LB
BLEZOBNRB. L L, RERBEEER,
REBOEREDHZ T, BToHREIC X
S TCHRELEREINS 0, PEEEDO EHMRN
EREOERYRET S LIZE L. FE,
ABrgecit allopurinol #5 #% = R B clea-
rance/creatinine clearance 2 L FHE L
fo 2 & B (B 5T vs 858 20 ; 8.29+
0.86 vs 11.13+1.50%, $<0.02), RbREEEEH
B0 LEFIXRBOMEEDO LACEETS &
%% %. —7Jj, I#k xanthine ffi%, hypoxan-
thine © LR WRA LR TS E0HRE

IRTBNY, KRR B \TE, hypoxan-
thine NE L LR LTCWBR 22 LTR
XBREHERI Lo Te. D, EEEhc
#E5 7= allopurinol %, hypoxanthine 72>
xanthine, X bFEB~ORHZIEH L, BEX
LEEHERLTB LD EE2 5.

EE T, MR oxypurines fEiX BF L,
R VR oxypurines BEEE & S L.
Zhit, oxypurines RN ZE LLTTHEL T \»
BLEEERTAHLIDEE X B. ¥ K, M
hypoxanthine 3s } 0% xanthine fED %5 (b 5,
1% oxypurines ©_EH D3 & A it hypoxan-
thineww X 5= L4 ¥] 81 L 7. hypoxanthine
2, HEBC X VERHHDEE S h 55
(Fig. 5) & &b, ik oxypurines {HED L&
1%, BRI bt~ D hypoxanthine ji

active pathway - during exercise

==o>after exercise

AﬁM‘P
SAMA M}P\"N Hs
X{
Ino
|3 \
UA H x N H:  blood

U A<=X<==Hx

Fig. 5. Mechanism of exercise-induced hyper-
uricemia. During exercise, adenosine triphosphate
(ATP)degradation results in the accumulation of
adenosine diphosphate(ADP)and adenosine mono-
phosphate (AMP). Increased AMP accelerates the
formation of inosine monophosphate (IMP) with
the release of ammonia (NH;), and IMP is de-
graded to inosine (Ino). After exercise, IMP is
converted to adenylosuccinate (SAMP), AMP,
ADP and ATP, and inosine is degraded to oxy-
purines (hypoxanthine (Hx) and xanthme (X))and

. uric acid (UA).
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HoTTH#R X 5 i S h 5. M4k oxypurines
fEE, HEBETH IRECREEYRL, £0
BEBRACET Liehd, THEBCE VTS
fEER LI &0nh, B H0 hypoxan-
thine OBHITEBRICTTE L, Lo dREH
Chich#ELTwB LELD.

—%, NH, b FHc B bR shs o
ERFE IR THBRSY, o NHix, Eic
AMP 75 IMP ~ofi7 3 7{bic X b AR X
Bz ERGEBEh W5 (Fig. b). fifho
NH; fEr, EHRTEE 3B LR 1, 5
SRCREELYR Lot BEET L 25H
BENBEROVAEE LIS L2 b,
AMP ofi7 ¢ 7 {tix, EBFeEE D, EH
BRRBBET T EELS. .

LI_E5 5, hypoxanthine @ [l s~ D H L,
AMP Ot 7 3 7 {EdMET LB 3 L JiE
LTWBZ e Bmnticot. o OB &I,

1) #EByp IMP »ER L, ThiEBHER
Rifdic 3 7= b hypoxanthine iR X h 5.

2) E#rb inosine NERE L, ThEBE
ERfci>72 b hypoxanthine k@ & h 5.

3) ;EE)b hypoxanthine &R L, Thn
EEHERMch e iR Ih 3.
LS 30D RBWBF LR THS.

IMP (3EBEBC R\ TIE L B &
HRCER L TCWBRY, EgERpcsE
7£3 % purine nucleotide cycle i X & AT
ATP BEAROEE L L CHAZhD £
hTw52®(Fig. 5). &bic IMP %5 ino-
sine DA% il i 3 % 5'-nucleotidase 11,
ATP 2N EWE T H 5 o, EEH
ATP 234715 X 5 iR iRm0,
EEE ATP pEIELTLE S &, LoOEHX
MWHEhs ELLRLTHSEY. UL, EF)
#o ATP 3 x0t IMP o EIEI:15~304 &
BRI W &5, EEERIERCH Y
IMP %% hypoxanthine =3 & 5 FJREMIT
B %2 5. .
inosine 7% hypoxanthine o {4E}4 flii3

% purine nucleoside phosphorylase (PNP &

BE) 1%, BRI, mERN R, &
Bk X O o Kupffer i #7532 2 &4
VY FCHERIR TS, v bR E R
Tk ETiRivd, ZoRER LN &,
hypoxanthine »\MHfaNCHER, EEIh, &
e BH I TEESEV-EEZS.

inosine V¥ B R HIREIK 2 8 Lo\ o,
BTG TERIhD &, RRAMPEHsh
HEEZ LR TV, UL, AEETIL,
I#E inosine fEd L&FIL, Ik hypoxanthine
fEtE L, FULLEWERER L. Zhil,
PNP o BTEA & P MRS L Ok IMER i 4
B LT 5 7!, Iideo inosine o A
BV ERBETS LHESRE. LA L,
hypoxanthine D H 2 BRI 720 JTE L
T W5 B, inosine 23 HIHAPS i@ B
L, Fha#«ic hypoxanthine i {38 X h T
W3 EELRTRERATE R ThEyBEM
UV BEEHL & LT, %5 AMP deaminase /% $B5E &
FoERGMIZA inosine RE, EB)EL 165
BB CTHRHL ) LTS BEYTR LI
£, MR (O F) @ inosine EEEIX IR X 9
EBLLIBEWEC &, F M (/NE) To ino-
sine DEHENE LBV L w SHERDT
bhad., LichisT, EFEORKHCHS
hypoxanthine o 11~ Dk H L, inosine o #fi
JalE coEREE B 2D, BRECERESH
72 inosine 3PS @ E B L, % 41 hypo-
xanthine ~R#@ Xh 5z Lic L 4T 5 THE
HREWEELS.

PlED#RE» D, EBEO MERBED & —
7 % X OEIE OB, inosine 25 hypo-
xanthine ~OR# ¥ L KMAH~D I H 2 ER)
KRTHRETEL, LrdREERKCbLIS 1o,
I U CIFCo R4 BoBIE LTI
T % ke LHEE Sh iz (Fig. 5).

V. #& &

EERO MERMED € — 7 ik L0 EED
EBIEDEF AW T 50, 8 ADEEENE
, REEARIHIFC©H % allopurinol %5
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Licikgec exhaustive exercise #&H L, &
B)Hk O IRERE BURE R O RBHEHE O EBIR O\ T
B L. BEEUTERT.

1) mBREEfE:, EBHRTHEETLALL
R, BETRIh - . RPREBHHEX, &
BRTHISHS L CE R ET
L, ZOHEIE L.

2) M#f oxypurines fEiX, EBIETH 1K
My —7fE%2RL, TRHE®ZE CTEELZTL
7o. [Rep oxypurines dRibEnx, EBKTH1
Bl e — 7fEYTR L, 4BMBERVTLE
xR LI

3) im#k inosine fEi%, FWHE L1EZRE T
DO H_EF Ui, Ii#§ hypoxanthine {Eix, $-X
TOERETEHRTESFIVELI AL
Jz. mu#f xanthine {Eik, TR TCOFHRE THE
IELich s e

4) M= NH,fEd, EERTHS e -7
fExRL, 2RMBCIIER L.

LEDKEREN D, EER T HO MERBRED
v — 7l X OUEE © & i 1%, inosine 2 b
hypoxanthine ~o R ¥ X s ~D KA
EEHHCITTEL, LrdREHRbIS D,
Thicfi L CHFcoRBARNEBE L TTE
THRDEELZDRI.

E

BERLAEhch, ERBEKBHIL TV
ot = MBS HBEE SRR TR VL
7.
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