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Abstract

In the last two decades numerous findings on the generation and biological roles of
endogenous gaseous transmitters (GTs), such as nitric oxide (NO), carbon monoxide
(CO) and hydrogen sulfide (H,S) have emerged. Endogenous hydrogen sulfide, most
recently identified as GTs, following the discovery of NO and CO, is produced both
enzymatically and non-enzymatically in the mammalian cells. Enzymatic production of
H.S is generated via three different enzymes: cystathionine beta-synthase (CBS),
cystathionine gamma-lyase (CSE) and 3-mercaptopyruvate sulfurtransferase (MST).
This production involves diverse and pivotal pathophysiological roles including
neurotransmission, cellular metabolism, immunological/inflammatory response, and
vascular regulation. It has also been reported that small amounts of H,S is contained
in the human breath, similar to that of NO and CO, however, it is not well known
where H.,S in the exhaled gas originates, and whether H,S exhalation increases during
incremental exercise in healthy humans. Therefore, we examined the dynamic
response of exhaled H,S during a ramp exercise in relation to other respiratory
variables. Eight healthy male students performed a ramp bicycle exercise to near
maximum intensity. Respiratory and gas exchange parameters and the concentration
of H,S in the expired gas were continuously measured by the mixing-chamber method
at 30-s intervals before, during and after exercise.

The concentration of H,S in the expired gas (Fu,s) slightly increased after the onset
of unloaded exercise from an at-rest, but decreased gradually after the onset of ramp
exercise. Therefore H,S output (VH,s), the product of the delta fraction of H,S (AFH,S)
between expired and inspired gas, increased almost linearly during ramp exercise. A
significant relationship was observed between oxygen uptake (Voz) and VHZS and
between minute ventilation (VE) and VHZS during ramp exercise. VH,s decreased
rapidly after the end of ramp exercise. These results indicate that Vs increases with
an increase of exercise intensity during exercise and decreases after the end of
exercise, similar to the changes found in other GTs; however, origin of exhaled H,S is
still uncertain.
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Palmer & (1987)" (2 & ¥, 45 ARz Ml sk o 45953 R ¥ (Endothelium-derived relaxing
factor: EDRF) & L C—MfbzE®H (NO) 2SFEE S, ARG FHERDOEHRZEICE G T 5
CEPWDTHS SN, HROERZHEDH 722 LIZEEICH Ly, 0% NO & Larginine
RHEEE LT, 3HEOEEEZE (NO synthase) %/ L CILEWNEMIZZ T T% . AR,
YU T 7=V ELSLORMIBIC B TERS L, SRR AR - REEHICERT S 2 L
SMENTVE Y, F72, —bEE (CO) b, REAAWORTEEMBEZ L) EK S 1,
NETTE Y EDRAPAED S EINOECEEZ AT H 2 EITE P SHASNTWZH, A
LEEE L L, 2MEO GBS (Hemoxygenase 1 and 2) /L CTARK S, NO L [EKEICE
BEZe R B - JREMEANCBIRR T 2 2 AW S IS SN2 DX 1990 ERDETH 5 Y, 512, &
NS RO 7 ARIZEW - O3 Rk Tk 3z (H,S) 2% e o £ 1555 (long-term
potentiation) (2592 Z EAHE SN Y, H,S OH ARIEEWE & L CORENHLIZEN
7o TNFETIZHS I, cysteine #FH & L T3 HEHEOBERICL ) A &L, NO. CO & [akk
ZH BB - B ERICRIR T A L L b IS, SRS DH A LRI ORI IS 5 2 &
NS,z ENTVS Y,

INET, NOBIUCOIE, & MFRFTAFIZER SN, EHICL D ZOHEPEIERT S
ZEFHOPIZENTVE P, L Lars, HSIZoWTRZOMEREEOMELH ), iE
BYIFI2 BV TP HLS 2 @B i lE L - I 4726 v, 22T, RIFFETIROR AT R
Foy— & LCHE & T\ 5 Halimeter (RH17K, Interscan)'” % 2 -C. EE)EEIC BT 2 15
H,S Ol E DT REME & & DI ZF DEREIZ DV THGE L 720
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1) BB

BB L. BELRBFHAE A TH L, BEHED. Fin. JE, KEOVY L FEFEL £
N2 209 = 0.8 %, 174.2 £ 53 cm. 652 * 1.5 kg TH o720 W DA L ARE 4 HI2FE
L 72N EREZR O R, BFITFEO SN TOa Vv, BEREIZIZ. EBRBGRETICERO 1Y
BLOHEEFIZOWTHB 21T, FHHCTORFE 2 H72. AWsEIE. SERAR KL et
ZEHS RHZTHES) CBWTKRRBEATH ), EBRICELTUINVI Y FESICHERL, %4
TR % L7z,

2) FEEREFEEPB L OEE) B

EENC I, AR TSR AR LT A— 5 W 2w, 345 HomEREE) VT,
J ¥ TEBEIC & 2 Wi EE) & 47 % b7z, B LA AR 20 W/min & L. L4150)% 180
beats/min 82 57>, & 5HWVIIEM LA LANBEIN I ECEBZ KT S840, EE)
X, A b0/ —=AIZEbE TR IVEEEEE 70 rpm (CFHETT 5 £ 9 IZHER L7722 @EEE
W27 ) RYWEEREA FH 5 LB L CEFICERIIL 2o 72,

I3 A DPIEIZ IS, ABFZERE THIZE L 22RA T ZEHHEY 274 Y 2w, 20V 2
TAE, T7AARAYIRAY, Za—F5 2757, Geiiiest. BEHF = o=, BLW
PC X D HERk S 1. Mixing chamber (512 & 1) . Hoiskia, MREINE., KB AT LEMTE
B S E 2B SN, VT VI LTTA AT L —IZFRENL L LI, EBRETHRICETD
T =&, PLERKB X RS RICRLER S b, ARERRTIX, FHMMEZ 30 & L. F 72K
mETARELOENEMZ 5 E LTHE L, EEoWetoRIEIZE. BEARE O ZFREA
7 A (Ny: 78.96 %, Oy: 12.04 %, CO,: 9.00%) % Fiv 72,

— i WERARAL KRR O M E 12 d, HRMER & L Ciliit & L T % Halimeter (RH17K,
Interscan) % fiv7= 1, ZoEE X, AR ERSWHICEE SN OT, B (1
ppb) A HT Ho WA/ XAV TOWREFRREFEKEIC, 7Fa 7 b 2 Twb, KL TIE.
CoT7rurstiie, G (R Lva—=%) 1ZEHT A L L DI, A/D BT v TEH
(200Hz) 2> 7V » 7 L7z, 7Hu s WEIciEd > 20— 7 THET LR &k /
AXDREEINTBY., o T, EBRBZRIREEEEE 7 1 vy — (LPF) B X UOBE)IFEE%
HAWT, 7= OFFbEITo720 SHICHSIBET— 71X, 30T L IFEbd s L & 12,
P & OINEENEM % 30 B L LCRMEL 720 IS HS JiE (VEs) O5EHiIE, 30 B4
B S NP8 X OO HS D% (AFHS) & IZNEE % %8 L7z VEgm, OFD 5
K72 7B, Halimeter O IE IS, BEANRE OB T X (H,S= 4.45 ppm ) % 7 A 50 E %
(SGD-SC-5L, Horiba) =& 0 1/5 \2AH L THEHI L 720

K102, MR A ERHIE Y AT LA Z ALK ENERD &R % 7_RT, B, LE
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3. HERIR

212 1 %OWERE O H,S 07 F 1 7 % 200 Hz TH > 7)) ¥ 7 L7k & 2 oKk
¥k, 10Hz @ LPF 38 5% 0 W BE . & 51212500 MO BB FHRIED T — ¥ %57,
Halimeter ® 7 1 7 H 121X, 20. 40. 60. 80 Hz D [E Ak H3 A EBZN /) A4 XHE
ALTWBZEDRHSNER 5720 5Ty 10Hz O LPF LB %475 Z 12X b, S/N O KIiF
BRUHENRD ST, 2512500 HOBBTHEIT) ZLI2E ) F— 5 OFBAAHSA, Sh
DL DS, RNy La— S —C TR L7 s £ B L7

3, 412, 24 OWERE D, . OW BB, T > 7AMWEBIF., B X OSEBIR T 1% 3 5/
2B BIFERALKERE (Fu,s). IARICKES R (VE,s) . BEEIUE (Vo). BX0VE
GG (VE) OBRSIT— 4 %, & 6IIEBEO Vs & Vo,. BLUVE L OMFEERT.
LD S EAMIEE OG> CFLS b TR ERA L, ¥—2 2R 505, T0HBT V TH
WHEBY R JEHE LTI L 720 TR & b SEEIE T 1212 FH,s O—BYE D LR R 5 N5,
EERTHRICANCHEIY 27, Fokz L L2 HRLE. T TANESKO Vi,
VO, (2D Tidy SEBIBRIEICIGI LT, I ZIZEMAICHA L 720 SEBE T %0 Vs OZ{bIzo
WCldy Vo, VE & ABEICABICHA L7z, BEM S L 05T » 7ATES O Vo, & Vs, VE
X Vis ORICIE, WHBRE L L EUERESRO SN (r>098), 22T, HBELAD
Vo, & VH,s. VE & VH,S & DBIR#E . [45, 6 125770 VO, & VH,S DEIFRIZ OV T, Vo, 75 1,000
ml/min & 72 9 % Td Vi,s (2B H 055\ 13 R 5 4U7 VA5, 1,000 mil/min 88 2 2 5 T 1.
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2. 200 Hz TH > 71U > J U 7= Halimeter H7fE (EL). TONT—ZXYy bOTI L (BEE).
10 Hz @ LPF IBHDRH (ETF). BLV 500 EDOBETFHNIBEZEOKR (HT)

BAEDHK L 720 2fhE LT, MEDOBBIERR S FHOZART. —F. VE L VHs &
DEARIE. R HEE 7 EERE 20 . VE OBKIZEE VIS OB KIS W 2 @ % 7T, 7
ZTRBEREIZOWT Vo, & VIS, B X0 VE & Vs OBRZ BSELT 2 & & b1, HIER
B (r) *BHLAEEERELIORT. £ TOF— 7 ICBWTHEL MG &5, J)F
OB S IE, EABTAE BT L LWLk o72 Vo, & VIS, 350 VE & Vs
i 0 B B O & OEBREIE. N2 043, 044 TH - 720

£1. VO, & VH,S. BEU VE & VH,S DEREHOIES & 7 DMEEES (r) OE

\./E Vs \./'HZS

Subj. 1 Subj. 2 Subj. 3 Subj. 4 Subj. 5 Subj. 6 Subj. 7 Subj. 8 | Mean (SD)

slope 9.570 17.314 15.398 12.910 5.493 22.898 14.977 27.196 | 15.72 (6.94)
v | 0990|0998 0986| 0987| 0915] 0995|0993  0998]0983 (0.03)
VO, vs ‘./HZS

Subj. 1 Subj. 2 Subj. 3 Subj. 4 Subj. 5 Subj. 6 Subj, 7 Subj. 8 | Mean (SD)

slope 0.398 0.511 0.575 0.359 0.179 0.641 0.547 0.921]0.516 (0.22)

v | 093] 0991|0990 0968| 0959 0959 0993] 0970|0976 (0.01)

___.Egl J—
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BHRTE. BLURFERE. BOBRTECFR H,S BHEE & OfF

4. HE

AHFFECld, RMERIZESZ & N7z Halimeter 2 HWTC, HEBE I VI XA =¥ 2 W25
FEMEC L A RATEB T b, IT5 LS B (Fis). B X O HS Pk (Vis) %
30 T L ICHEEIICHIET S & & BT, K - VAT A -5 L OB EHRIEL 720 £
FER, UTOZENHLEN IR o7,
(O Halimeter D JES121E, BEED 7 A AB|ALTBY, ZoFFTCRMET—F L L

THEATLZ LV o Ta—NAT 4 VF —, BEFEHES LMWL EI12XD,
BRELIMNEZRL T ENTE . 2o, EEEWESTEEZ AT 50885t 2 ke B
Brh—3 L7



v TRARGEBIRIC BT B R LA SRR L R o B

60 1600
50 1400 A
— 1200
40 £
£ 1000
= vy, =
2 30 £ 800
©n T 600
& 20 > b
T
[ 400
10
200
(O e I o e e o S e NN e e me s s s e e e e o+ 1111
01234567 8910111213141516171819202122232425 01234567 8 9101112131415161718192021222324
Time (min) Time (min)
2500 80

2000 ‘A 7 f,

30 v
500 20 1
10 -

01234567 89101112131415161718192021222324 01234567 89101112131415161718192021222324
Time (min) Time (min)

1400 7'y 1400 /
1200 L 1200
= ,‘4‘ =
£ 1000 £ 1000
< 800 z
=z < 800
= Pre Ny -
«» 600 ¢ N 600
N A =0.511x + 58.254 S
.S 400 f[‘/ T 8‘_982 > L0 y=17.31x+101.78
200 200 r=0.996

0 500 1000 1500 2000 2500 0 20 . 40 60 80
Vo, (ml/min) VE (I/min)

X 4. OHWREICH T IR, OW. BLUVT7 > TAFEERRFOFR H,S RE. X H,S BHEE.
BABRRE. BLURFENE. BHEKEEWR H,S BHHE & OREfF

Vo, (ml/min))
5 &
8 8

VE (I/min)

5
> 3

@ FEBHERFE ORI P> T FH,S W L 010 VE,S IGEBIHREE 12 L L CIEIZERA ISk
L7ze 2O EE, EBFIZBIT % Vo, & VIS, B X O VE & Vis 1A EOH B G R0
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WHBEHARRTHL I E AWLMo 72Z &2 b, FRlME R 2 B L 72 ECEA 5, I
SOtALRE BT ERE L L TORENIHTICRATIDEER b H1RIE, opHT i, 6l
T A7 = b 7T 7 & OWBERE MiHtiIAT ) % EAEREOBREIZE 0 5 LEDP D 5.

—Ji. LRR@QOERENS, T v TEMERR OISR HS BEIXHDT 25500, 5 H,S HE
HEIIMART LI EPHONE Loz TNE THEIRFIZBIT 25 HS EE. & 512
HS HEHEOZALZ W L 72313 4725 %2 ve L LA s, EEIREOIFA NO. 5 CO
DEALZE L Tt W OO RATIIZE A HiE ST %, Chirpaz-Oddou & (1997) 1%, 3
S OB R I X B RAKEEFREOMNNO EE, B LUK NO H &2, BiEwEE. B
PEERSRE . R EE THE L. WO EETRE O AW NO BEOMA. B &
OTEE, NO HEH B O BRI 2B Z s LT b, BERS (1998)" &, kF~T YV Y EF L0
1. HEEZ W7 ¥ TAMES T OMNENO BE, B LUK NO HrliE 2500 L, 1f
ANOREDHA, BLUHANOHHHEO Kz HE L T2, EBHH O NO OHRIZ
DWTUE, YHNILEBY I & ) AN O NO ERARET S EE 2 5Tz, Yasuda 5 ¥ 1,
S & IR OIS NO HEHm O i A 5. IS NO HEH w0 50% 13 S EEAEI 5 L C
WH I EERRIE LT, — )5 A CO M. B & U4 CO HEHI 1B L C Yasuda & (2011) 14,
7 v TAMEE O CO RE. B LU CO HRiE 2 5HIl L. B BT ORI
CO BEDIWA. B L UM CO HE RO R ZHE L T\ b, R ICEUEE B X OIEEEE O
HEAH S IR CO HE T IC & FN 5 CO MR L TVWDH T E2RIEL TWd, [FERIC,
Zavorsky 5 * &, TEBEOESHGE & —BRILAT 70 Y L OB & o B BRI AR
PHIET LT D0, WROERIZLY, M CO DBMEICIEFT 522 L 2RI Twb, Lk
D&z, EHFIZBITAH NO. H5H i COHRLEDIRIZIE. KNOEA RO KAEIRT
HEDEZIE, MBEHICEETNS NO. 5V CO DIELUCIERT 5 L DE 2 HHIRIB IR
TWab,

EFRFIZ BT A NO, B XU CO DIfE#ERZ ., £ D F I H,S HADFHIZ#EH T
BEEPIZOVTIIARHTH L, TNE T, KNO H,S ERFEERIIREC229F2 6N TED,
—OFAREAEMIBICB T ABRIUSIZE 230, ) —2id, T, S5ITINEFIZERT S
W7 TV THROLDIZHTEHEINL, BIHFIZOWTIR, §TIE3HOME, $42bb
cystathionine beta-synthase (CBS). cystathionine gamma-lyase (CSE). B X Of
3-mercaptopyruvate sulfurtransferase (MST) 255 & 41, L. D-cysteine % 28 & L THf 4 DA
FCBWTHS BRSNS & &bz (7)Y, ER SN S A5 Sz A - FEIEH I
BTN THL, —FH, OQENICERETZNZ 7)) 7TOHRIZHS 2 EETLHH0
DY, CAHFOREBERT LI L LMESNT0L P, LeLed s, N2 7)) 7THED HS
A EHFOIFR HS ICED L )BT 2 2IEEHLMIEIN TV ARV, S 5|2, RER
FERIZBVT, 1T o BRI L) IR HS IEOHE 2R 2 HoWBRE BV TEgEsn (K
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SETHEREND LOPIIONTIE, BREATIAHETHS P, UEoZ Ehb, BAF AHIC
EEND HS OFBEFRIIEMTH ). o T, EHFOIFK LS HHEEH KO RK 2 FE T 5
CEBIEETIIEEE S E 2 5 ND, SiRlE. invitro DEERR L SO T, &5 ICEM R mE DS
PETH o

E K3

RIFFER D DB T2 ) L L A S EE720 BT REBOWEZ » P {5l &2 Tk
REEANT, F o, EBRB LT — 5 BTN VW72 72w R T e A R
L ARBSA TRNEN, AIREBIZLA2SOBILEH L EiFA, & 512, Halimeter DI
L. (B) #4337, 8RE, MHKMK»SEMBZRT BN A%k n/z72nw/z, il Tl
HFLETS,
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