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Effects of citrulline supplementation on blood pressure, cardiovascular
function, and blood lactate after a bout of aerobic exercise in 20s males

Jung, In-Chan, Cho, Hyun-Seok, & Lee, Man-Gyoon*
Kyung Hee University

It has well known that post-exercise hypotension (PEH) after a bout of aerobic exercise was a major
mechanism to reduce blood pressure though exercise training, and that citrulline supplementation
reduced blood pressure by increasing nitric oxide in vivo. However, the effects of citrulline
supplementation on PEH have not been fully elucidated yet. This study was designed to examine the
effects of citrulline supplementation on PEH after a bout of aerobic exercise in prehypertensive and
normotensive 20s males. The effects of a four-day citrulline or placebo treatment on blood pressure,
cardiovascular function, and blood lactate concentration measured at rest and during recovery phase
after a bout of exercise performed for 30 min at 70% VO;max were compared and analyzed. All
subjects participated in a citrulline trial and a placebo trial repeatedly according to a counter-balanced
order. Main results of the present study were as follows: 1) Systolic blood pressure, diastolic blood
pressure, and mean arterial pressure measured at 10-60 min of recovery phase in citrulline trial were
significantly lower than placebo trial. Rate-pressure product measured at 30 min and 45 min of the
recovery phase in citrulline trial was significantly lower than placebo trial. 2) No significant differences
were found in heart rate (HR), cardiac output (CO), and total peripheral resistance (TPR) measured
during the recovery phase between two trials. There were significant differences in HR, stroke volume,
CO, and TPR among times within a trial. 3) No significant difference was found in blood lactate
concentration measured at rest and during the recovery phase between two trials. The results would be
summarized that the PEH was augmented by the citrulline supplementation, and that burden to cardiac
muscle as well as cardiovascular function were not affected by the citrulline supplementation. It was
concluded that the short-term citrulline supplementation would be very effective to augment the PEH. A
research investigating the effects of citrulline supplementation on the PEH in pre-hypertensive and/or
hypertensive individuals would be warranted. In addition, a study examining the effects of citrulline
supplementation during long-term exercise training on the blood pressure in hypertensive patients also
would be warranted in near future.

Key words: citrulline, arginine, nitric oxide, blood pressure, post-exercise hypotension. KISS,,

A & 2A, AR 1/3& ?'54°L(hypertension)°ﬂ
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31 dtH(Arakawa, 1995). L B9 &5 of
AT Bato] A FALEFol nE g A
A0 Aoz 4#HA Yvt(MacDonald et al.,
2000; Halliwill et al., 2013). 28LTAE oz
U3 FAAR TS AAIS AT 5718 Y (systolic
blood pressure: SBP)¥} o|¢71&8 3t (diastolic blood
pressure: DBP)¢] £%% 3&7] F §~9 mmHg
AaE R, ojef e Fgta uhgo] 3 &ET] Fof &
AZE F<E FAEHAS. w3 fAA TS 713t
AR A& 0 AR A f 43 fatadss ¥

72 o] Ao e 7N 4 Qi =%

%
M

o

nat o T =2 H =1 =2 o
o] Xﬂﬂf:»]?i‘:}((}hobanian et al., 2003).
Yol FHslo] 55 A8 (post-exercise hypotensmn

 PEH)& v § —?Pﬂf& FARA, ole 43 +F F
3] 57] ol SBPe} DBP7} SFg Al 3| Kt} grolx] =
FHE riditt, #5= & writ Yehve Ao s
Uelts PEHZL FAEE 2102 % Edlo|dS &3
w3 SAte] gof 7+AE A 4 tH(Chobanian
et al., 2003). Cleroux et al.(1992)2 Zejd 18
HAE UFoz Fathess A Ad 357 &
o] SBP} DBP7} 247t 11 mmHg9 4 mmHg® 74
Hoon, 357] F doto] 7HAE e R oF 247t A
& ltta sttt o9k & PEH whgo] 7|3t
o ZA wHEAo R vehd 7 ng8gte] /s Bt
of AdadgdAA HA e = 7 Us Aol
g RaE 9 (Cleroux et al., 1992).

PEHE 271, @717], Abol 2, 212|395 X
theFel fARARSF Fo] YEREaL(Boone et al., 1992:

Kiviniemi et al., 2014), 3587] 10& E<F Yeh ]
= dtm, ZAE 170874 A&HE Aoz Rad)
t}(Seals et al., 1988). PEH7} &% tjF & o

?—fﬂwh 20~60%3te] FatadsS AAEE L, PEH

F2 30~60% et »}E}%} o|9} - PEH HHg-
& nF SRRt AP A Bl et Alow B
ﬂoi"/}(Beauheu et al., 1993; MacDonald et

., 1999). PEHE &% 5 2%%5°] A&4ox ¢
4 Olﬂﬂﬁ" freEste] Ve, FAlel midl A
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AS y_r/} gy)rzq o= 01:5}1: Ex% 7‘4;2]2 u@}g}l‘}
A77F 2ot ol FA Strh(Halliwill et al 2013).
a1 she] A W OR citrulline AHE E & U
th. Citrulline 1930 1] FollA] A& 7= of
wed dFY el oAtz A de &
A8, arginine® ornithine 53 o] 8432 (urea
cycle)ﬂ T EA T8¢ on|E Z=thHTakeda et
., 2011). Citrulline2 ddo g Rg ALE A A}
1, 847 A%H s B Fa3 7les LI E
A5 AL Al Ao QI arginined] F48& =
155 73 th(Marini et al., 2012). Arginine
o] 71 S98 9L Aabd A(nitric oxide: NO)E
AREE Aoy | citrullined arginines AAdE
AFA7E e Aotk NOE Z4Ed g olgat
(Vasodilator 24, 8F9 555 243 (Boger et
. 2008), A3} dAA & (vascular resistance) &
‘/"‘t dg-Z g (Stamler et al., 2001). =,
citrullines %34 AWANA arginined] A& =
7712, NO A S 27 A S-S S3A 71, &
S0 S e ATE g e 71‘5}1%13}
olof] §3lo] citrulline< arginine 2t} ¥H37|7F 2

N

7] wjio] 3 & 9loIA arginineEUtF H Z3}HA
d 4 9tk (Mohrman & Regal, 1988). of2d] 54
3 S HH3IN S 73—?— citrulline®] argininel| ¥]&}
g2 arginine =9 NO2| Z7lo] Bt} 31491
Ao HaEITK Schwedhelm et al., 2008). Citrulline
< A8t AL arginine A E A Fs= AHT A

Ul arginined A& S7HA17I=H d 2444 4 3
. HaE At Lomonosova et al., 2011). °o|&
arginined A% A# %] 30%7}F urea cycle® AA
S22 MEF = 9| citrullineS A8 AF Ao
2 A 0]%g 31| H 1 It FFHA &) wjio]
TH(Curis et al., 2005). ¢4, A3 A7 w2 -
uk 3.3 kgg A9 S W EF citrulline 3= 22
mmol-L 14 595 mmol- L& Z7Hd ®hd g3
arginine 3= 65 mmol-LelA 199 mmol-L''&
71 sl axve 295 Esto] ko] citrulline
T8 Fadolgtr BuHdtH(Mandel & Korman,
2005). Citrullined arginineo] t3at Atha A&
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A% AU} Figueroa et al.(2014)¢]
W arginined ¥+ +94, 8%, 181
’é*P 9 FALS L F o] nPFSAA A
at7] o gAIRt, AAA AN A A A HFARL
Gk ol FHE citrullineS NO A A4A9l
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A0l dash} Hrsol 2+ dva FIsA
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& AaAA FEE AT RN FEeE s A
1 (Takeda et al., 2011; Kashani et al., 2014),
ARG iR 9] A58 & S7H7]M (Bendahan
et al., 2002: Giannesini et al., 2009), &&etA 9]
MAole F3AE Aolgtn BuHAtHOchiai et al.,
2012). webr] o] ¢} o] @ﬂfﬂ 7% theks 24 A
ol §3& FE citrullines AFshe AL 434 #
HadEs T Yehte PEH ‘?l'?*a‘ Bty A4 & 4 9
= ACZ 7|9t 28y o} ©@7]7te] citrulline
37} PEHA WA E 93-S 1 A7 = - 94
o= g | E3 Aolt}, o] o] AFefA= 200
9 FAEAAE UGS E citrulline AF7F 4314
TALLES Y, AW e, 28a 87 Ak
o nAE IS A BN 447 citrulline A
7} PEHO nX& 9&s fHstast st

T CHARE

o] A3 YAAE SBP7F 130 mmHg ©lato] 1,
DBP7} 90 mmHg ©ola}¢l 18t AtA 9 &4t
M) 20t FA oA H2 671 Hel AAAD E
dlojd Adol gla, P Al il ew

EW A7 glow, Be o] 9 T el

B854 e 2 128s A 14 3% %
wash-out 7]t 5 1%o] &2 +%

1189 232 AT 24 %
3l Al ATe] 547 AaE
o] & olélstn ApEA o7 Hofstuat sk ARFE
Ab E9 4 (informed consent form)<9t A7+ A
(health history questionnaire: HHQ) 2| A% & 1t
< F ATl FASIEE ek AT A AAA
£242 (Table 1)°ll Xﬂ/\]% Hhe} g}

Table 1. Physical characteristics of subjects

Variables Mean + SD

Age (yrs) 218 + 22
Height (cm) 176.5 + 4.8
Body weight (kg) 69.0 + 8.6
Body mass index (kgm?) 20 £ 1.7
Percent body fat (%) 16.1 = 33
Muscle mass (kg) 539 + 6.7
Fat mass (kg) 112 £ 29
SBP (mmHg) 1159 = 47
DBP (mmHg) 729 £ 94
MAP (mmHg) 871 £ 7.1
VO,max (ml-kg"-min™) 480 + 63

SBP: systolic blood pressure: DBP: diastolic blood
pressure; MAP: mean arterial pressure; VOsmax: maximal
oxygen consumption

T ER

IS e citrulline A

o

o d7lME 200 |
A} H]ﬂ A7F 434 Faka

2% % g AdBs,
a3 g AT n)A] e g ke ol ] 935l
counter-balanced orderol| weh ¥HEEA S AAEH

o 2 A7 Aabe v 2 1) BE ddAE A
HEFotdALE AAlste] FoiakaiH & (maximal
oxygen consumption: VOsmax)S 2334t} o

FAE EWE LSS HAA 5 VOsmaxe 70%9
AFH = ZEE 2A AT 2) 499 citrulline A%
¥+ placebo A & fAtadE AAHVOmax 70%,
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at7] 913l 6719 A=< 7 9o F- sk
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RzZxaE|
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o] AolA A& A8E SPSS PC* for Windows u
(version 21.0) &4 T2 198 o] gale] AT} ‘ﬂr’
ZF W R Va5 A RS AAls] ¢8 B (mean) u
w

_Tiz-l E‘— /\]— Slod
3 2H(standard dev1at10n Zot%itt. ° 7)4\ Oi UrE}‘k)\].q,.

T AA ZE, a3 7 A7) 3F FE5HQE] AfolE &
Aal7] glste] RHEo] °J%%h5’91(tvv0*way ANOVA
with repeated measures)< AABIRY. 229 F 1297 wicnralles ek
B3, A9 FEI, a8 A9 Al7]9] s Atgol 120
Folg 4, 7 A7) 7 3t abe] EA4S 9Jsle] HHEo] 5115
UE dLTAHEA (one way ANOVA with repeated :IE: i
measures)= A, 72t Ao wE o3k Apo =
7b vhehd oTA}%%ﬁ% o Hafeld A3y 105
(least significant difference: LSD)& AT, @ 100 |
T AR ZE FEHRIY Aol FE - S (paired 95 |
t-test) &2 AT ZE BA 249 foeE 90
(a)& 059 F&oz HAAegc}. Rest 5 10 15 30 45 60

L Recovery (min)——

Fig. 1. SBP at rest and during recovery phase

(E :il- é 34_ (*: significant difference between citrulline and placebo trials)
80 —e—Citrulline -o--Placebo
=1 75-
o 707
I
CHHAle} S|=7|2| SBP2I DBP E 65
Citrulline A2 ¢k HA Aol W HYA S} 3157 & 60
% SBP% DBPE (Table 2), (Fig. 1), 12l3 (Fig. 8 o
2)°ll AAE bke} 2o} PP Aol citrulline A3 ¢}
HHH 3 SBP P=.357)8} DBP( P=. 087) R 507
7}, A719 TE-‘/]’, 1?4.1_ A =] 9 }‘] 71¢] ’2}17—‘1’%01 L Recovery (min) ——!

0 0l Ll
s e . Fig. 2. DBP at rest and during recovery phase
SBP9] 7% citrulline X9} ¥]A2] ZF A (*: significant difference between citrulline and placebo trials)

9} Hlwate] &7 10%, 155, 308, 45%, a18ln

60E7HA Frelstl W& A Z Yyttt Citrulline

A2 7} v A2 9 vl wste] 10%, 15%, 30%, 45%, 1 OLXA|2} B|=7|2] MAPS} RPP

23 60% Al -elA SBP7F ol atAl & Ao e Citrulline Xx|¢} WA Ao w2 HYA| 9} 357
with. DBPY 7% citrulline X & Fg A9} Wl ws} % MAPS} RPP+ (Table 3yl #A|AlE uie} 2}, oF
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Table 2. SBP and DBP at rest and during recovery phase (mean+SD)
) ) Recovery(min)
Variables Trials Rest F P
5 10 15 30 45 60
114.9 112.9 107.4 105 99.6 102.1 106.5 12714 Trial 005 —
CIT +5.8 +7.8 +8.9 +8.6 +6.4 +7.5 +7.2
#* #* #* # * #*
SBP 46.251 Time .000 ++
(mmHg) 1159 1153 112.0 109.5 106.2 106.1 109.9
PLA +4.7 +6.6 +6.0 +5.8 +5.0 +5.6 +5.5 2507 Trial*Ti 030 +
# # # # # . rial me .
70.9 68.0 66.7 65.6 62.8 66.0 69.9 10.342 Trial 009 —
CIT +8.0 +8.9 +8.9 +8.3 +7.8 +7.8 +7.7
DBP # #* # * #o* # * *
15.293 Time .000 +H+
(mmHg) 729 69.5 70.3 69.6 69.0 70.1 74.5
PLA +9.4 +10.3 +10.2 +10.2 +10.6 +10.7 +79 . .
4 u 4 4 " 2.927 Trial*Time .014 +

SBP: systolic blood pressure: DBP: diastolic blood pressure: CIT: citrulline; PLA: placebo.
*. Significant difference between trials: + p{.05: ++ p{.01: +++ p{.001: Significant main effect or interaction;
#: Significantly different from Rest value.

Table 3. MAP and RPP at rest and during recovery phase (mean+SD)
. . Recovery(min)
Variables Trials  Rest F P
5 10 15 30 45 60

85.8 82.8 80.4 78.9 75.0 77.9 82.0

20107 Trial 001  ++
CIT 61 7.0 173 172 55 4538 4538 i

MAP # # o #* # * # * # o }
26.957 Time .000  +++
(mmHg) 87.1 84.6 84.0 82.8 81.3 82.0 86.2
PLA  £7.1 +73 £7.1 +7.2 +7.1 +7.6 +5.9
e
4 " " " " 4112 Trial*Time .002 +++

7,346.4 114604 98475 9,302.1 82732 79963  8282.6
CIT +623.7 #£1,652.6 =£1,557.1 =+£1,2749 +£1,402.2 +1,285.9 +1,704.3

# # # #* * )
RPP 60.667 Time .000 +H+
74427 11,8413 10,2965 9,799.4 89263  8,540.8  8,780.3

PLA +790.6 +1,569.2 +1,588.0 +1,450.5 +1,000.5 +996.7 =+1,145.0
# # # # # #

17.358 Trial .002 ++

0.403 Trial*Time .635

MAP: mean arterial pressure: RPP: rate pressure product; CIT: citrulline; PLA: placebo.
*: Significant difference between trials: ++ p{.01: +++ p{.001: Significant main effect or interaction:
#: Significantly different from Rest value.

A& citrulline 21X} H]AA] 2k MAP (P=.061) MAPS 7% citrulline A= HgAI< v aLstod
¢} RPP(P=.288) BF frolat Aoz} glSiTh, MAP  3]157] 5%, 10%, 15%, 30%, 45%, 181 60%7}
© AX9 FEH, A719 FEIH, a2 AX g Al7] Al frostAl W Ao® Yy, HIAAE 5, 10
o] FzAgol fost vestal, RPPE Ax¢] F& T, 15%, 30%, 283 45874 fofstA W Ao
#o} A1719] FEIATL frofstA Ve 2 UEtt. Citrulline AX]7F v A 2] 9 v wste] 3]
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7] 108, 155, 30%, 45%, 181 60 AlAdA
felaA @ Aex  ueEt. RPPY AE
citrulline AX & g} vlwate] 8&7] 5%, 10
¥, 15%, 283 3027HA frolstA & o2 vE
wow HAHAE 5E, 108, 158, 30, 45%, 17
1 60E7HA sl B2 AR YT
Citrulline A2|7} HIA A9} Blwste] 3]57] 30%3%
45% A - A fFofstA @2 Aoz YEht

AEED|

oI

oFMAIQt 31572 HRZF SV

Citrulline Ax|¢} BIA Ao W G 3] &7
% HR¥} SVE (Table 4yl AAE vle} 2}, ¢HgA]
ol citrulline X9} B]AA] 7kl HR(P=.841)%}
SV(P=.873) &5 #<3 zto]7}F g1tk HR9F SV
BT A FaI D M2 9} A]7]9] e atge] felahA
UERGA] ekgtont, Al71e] FEI7} frelshA| vErstTt.

HR9| 7% citrulline A X ¢} ¥]A 2] B5F oAl 9}
Bl wale] 3&7] 58 10%, 15%, 30%, 45%, 18
1608 AAZA fFofe 2kelzt vEbsk o, 7t AlA
Well M F A= kel HRE #2l3+ 2lo] 7} YehdA]
ottt SV A% citrulline A X)& g A 9} vl wa}
o] 3|87] 108, 15%, 308, 45%, 181 60% A1
A frefatAl B Aoz Yega, HAAE A
o Hlgto] 10, 155, 308, 12]1 45% A A7 #
oM W& Aoz ettt SVE 3E7] 4583 60
& A oNA citrulline A2 7} WA %] ¢} vl wste] £

SHAl B ez dEiEd.

oFMAlQL 31572 CO%t TPR

Citrulline A2 ¢} HA Ao W YA 9} 3] 57]
% COSt TPRE (Table 5)°l #A|AlE kel 2}, by
Aol citrulline X ¢} B 2] kel CO(P=.720)%}
TPR(P=.674) E5F #3 zol7} ¢l CO%t
TPRE AA¢] F87} 3 x| e} Al7]9] 5 ago]
OJSHAl YJEpA] @okovt, Al7]e] FEIIE FelHA
e

CO9l %+ citrulline # x| SFE A9} v wate] 3
B7] 58, 1082, 158, 3082, 221 458 A7 &
o8t =A Yeba, ¥IAXE 357] 5%, 108, 15
B 308, 45%, 2l 60% A-7IA ek Al B8t
o fofatA =& Aoz yepgth 24 Al Yelld F
A e CO9 #g Ao|7t yehuA] &ttt
TPRE] 7% citrulline x|} HIHA] 5 QHPA <}
vl wale] 387] 5E 108, 158, 308, 458, 17
2 60E7HA el A dERk o, 2 Al YoM
T A2 el TPRY #<l3 2fol7} YephuA] g9ttt

HE MMEE

Citrulline Ax|<} ARl w2 A9} 357
Z 8% 25 EE (Table 6)° AAE vk} 2}, oF
A= citrulline x| <} B]HA] 7ho] PF AAbsE
o] fol3k 2ol7} ATHP=.838), Ax 9 Fa¥} &
A2 e} A719 s A-go] folakAl vehdA] ekgkont
Al719) FEBIL FeletAl YERsT

Citrulline A %] 9] 7§ Fg A<} vl wate] 3157 5
B AHAA 8% 2ibsr) folsH B8 Aoz v
ERgaL, HIA A9 A 3 E7] 5%, 158, 281 30%
AR A Ao HlBte] frolslAl B Ao e
o 2 A YoM F AR ele 35 AibsRe] §

oJ& Aol7k EhA @it

Halliwill et al., 2013). ©] & 55 AL &
oujslE PEHE w$ 23 FA2 2245

PEHE €34 & ¥ 3587] £ SBP9 DBP7} <t
HA ARG W A&EE AHE n|si | o]} e
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Table 4. HR and SV at rest and during recovery phase (mean£SD)
) ) Recovery(min)
Variables  Trials Rest F P
5 10 15 30 45 60
64.2 1015 915 88.7 8.7 782 774 .
+
CIT 64 4110 4100 489 4105 95 221 10 Trial 047
HR # 4 4 4 # 4 .
g 83.248 Time 000  +++
(beats-min™) 644 1027 918 89.5 838 80.5 797 me
PLA  £65  +122 120  £I115 =80 +74 485 .
M 4 4 4 " 4 0.126 Trial*Time .835
672 653 62.1 614 60.9 61.0 62.6 ‘
CIT 75 475 185 91 486 196 gy 24 Trial 174
SV # 4 4 4 * 4 * ‘
5.534 Time 000  +++
(ml) 673 654 62.5 624 61.6 62.1 64.0 fme
PLA 87 +75 ii,l :i:;.8 iz.z :Ei} 830 Tl Time 843

HR: heart rate: SV: stroke volume; CIT: citrulline: PLA: placebo:
*: Significant difference between trials: + p<{.05: +++ p{.001: Significant

different from Rest value.

main effect or interaction; #: Significantly

Table 5. CO and TPR at rest and during recovery phase (mean+SD)
) ) Recovery(min)
Variables Trials  Rest F P
10 15 30 45 60
43 6.6 5.6 54 5.0 4.7 4.8 .
QT 05 206 408 08 08 07  x09 Trial 261
Cco # # # # # .
L. 37.318 Ti .000 ++
(L-min™) 43 6.7 57 53 5.1 50 5.1 fme
PLA +0.5 +0.9 +1.0 +14 +0.8 +0.8 +0.6 -
" 4 4 4 4 4 0431  Trial*Time .666
50.3 79.5 70.6 69.0 67.3 61.0 58.9 .
CT  +75 472 103 15 25 107 tils 182 Trial 302
TPR # 4 4 4 # #
‘min’! i +H+
(ml m“.ll) P8 195 686 678 62 617 so3 >3 Time .00
MOHE) LA 479 2122 £137  £l41 132 £l44 295 0367 Trial*Time 708
M 4 4 4 4 4 . rial*Time .
CO: cardiac output: TPR: total peripheral resistance; CIT: citrulline; PLA: placebo.
+++ p<.001: Significant main effect or interaction: #: Significantly different from Rest value.
Table 6. Blood lactate concentration at rest and during recovery phase (mean+SD)
Recovery(min
Variable Trials Rest Ty(min) F P
5 15 30
0.92 1.40 1.14 1.07 .
CIT +0.42 +0.44 +0.35 +0.38 0948 Trial 353
Blood lactate #
14.472 Time . +H+
(mmol-L™) 0.96 159 127 111 7 ime 000
+
PLA +0.35 0#37 iO#ZZ iO#ZO 0.299  Trial*Time .826

CIT: citrulline: PLA: placebo: +++ p<.001: Significant main effect or interaction: #: Significantly different form

Rest value.
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PEHZ} 4713ke] W849 £ A 934 8
o] Gz olold nAL A} A £4L F

4 tH(Chobanian et al., 2003).

G o] 4285 3l citrullineS €5 AHHES] 4
$ 2859 gl opr 4kl arginined A4S e
NS 7K gem(Marini et al.,
arginine® 7M¢ 8% 98 F sty NOE A4st
© Zo|th NO= B2 A2gy Alx"la #dyo] Qe
AZAS EAjolar, AEIAME & A3 (vascular
resistance) %+ 18 Y= Wl F8¢ 75 S It
(Stamler & Meissner, 2001). o] 4= PEHS 5
845 v R citrulline 4#7F PEHE A JEk
WA st E5S A dFE goliy] st Al
TEglon old wet LF ¥ 357 F Y 4
agith. o] Aol Al citrulline AX|A] 8] 57] § SBP
<} DBP7} 3157] 10%, 15%, 30%, 45%, 281 60
o AR A B Ao Blste] frofatAl WAl YEbstT.
Citrulline A*|A] SBP7} 31&7] 10%, 15%, 30%,
A5%, 1831 60+ Al ClA HIAA| o H]gte] 22t 4.6
mmHg, 4.5 mmHg, 6.6 mmHg, 4.0 mmHg, 1]
3 3.4 mmHg @A YesT Citrulline AA]A|
DBPE #& AlMA HAHA H|st] 747} 3.6
mmHg, 4.0 mmHg, 6.2 mmHg, 4.1 mmHg, &
i 4.5 mmHg 9A Yebst

Figueroa et al.(2012)2 28 ATAQA AAA
|

N

DEYAS YO citrullineS 3HF 6 g¥ 6577t A
Aot A BE gAY FH7)Eo] A= ]
vold il Bl th. Orozeo et al.(2010)2 A%
AZAE PACE arginine -GS dF 8 g, 1L
2] 1L citrulline A A S 3% 3 ¥ 837+ AFH A
242593 AHechocardiogram) & AAIgH 23
& 25 SBP9 DBP g ste] frefshAl i
o, 53] citrulline AFH 9] #E A&kl arginine
dARTGES o frofatAl AT BaslHA, o
£ SBP #HEwEete] 7o 79l a 3319
Ochiai et al.(2012) %= citrulline A% 2 21&F 7Y
A EHE Bausigitt o5& NOZF 37|55 4
gt o 8% 98 o1, citrulline A3 <3
NO¢| Z717t W7 ste] 2475 Mz det as

¢

1

o
o

K
S

o/

>

ot 28y NOE 57M1717] g

A2 oA 7R Bl Eg AAoln,
citrulline 4#& & W &5& ¥dst= 2] NOE
T7M71Ed frelslthe Ba Y=g =5 At Denis
et al., 1991: Eto et al., 1994).

T g WAE I B A dAFA
PEHe digt #4lo] HFEAUL, ols 2& 357 F
o A2 71HE G5 7rEE AejoltHBeaulieu et al.,
1993 Smelker et al., 2004). o] dFoIX % 7]E9]
#d A3 A (Hagberg et al., 1987; Chobanian
et al., 2003)¢ #o| +&F 31571 & PEH ¥-3-]
Uebsdth 53], citrulline 4214 SBP DBP7} &
T HAX Et fofst Al B YRS o] 9F A sk
Moinard et al.(2016) @717+ citrulline A% E
E3lo] &7 U arginine NOS (nitric oxide synthase)
o F=7F freletA ST Huskin. o=
NO9| =% AU o] 855 S7HI71A Hn, 1 A3}
Gt o] ¢k 280l 23} wo] ESte| ATt vEhdT
wW2hA citrulline 437 NO A4S S7HA1A 2
o|h2t8-S A8 A7 7I1ALE citrulline A E
Sate] PEHZF 5719 @42 sidE 4 it

g o] AFoA A& RPP AFE HH A7]9 F
g7} frel A JeRten | citrulline #%]A] ¥ A% <
vl wate] 887] 308 458 Al-AA FolatA ©A
et RPPE A9 Atasv s Yele AT
24, A2l tig Fee Hrlske A#7 = Ad
71 AAHAQ #Hol Stk o] AFAA citrulline
o] A3 & &35t RPP7} folsh ad 21 d3 o
gago] A7Isell 9@ WAt Ochiai et
al.(2012)9] Hae} #H 9lo] Holt} H3k Alsop &
Hauton(2016)9] A7oA 20t 28 A FA
< tdeE NO 4#AY, citrulline 4#3®, 18
1 AR ¥lad 23 NO 4A- 9 citrulline
AHAEY] RPP7F SAIR Tl Hlgto] folaiA| B
Uebtth, ol¢h 22 A7 citrulline®] 47 E E3t
of L& Gyto] ojghe| 1 AA7]wo] HAE AE on|
o, o] & Foto] sl s PEHAR: 3442l
FI= mzl AR FHAEn

L Ry

¢

%ol
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2 T 5] F 3 %‘—% ti% %M?% LRSS
PEH whgo] YeuAl skt ol tjste] RPP &3
%—f‘r—t— a 2 HE W ARl o J %ﬂ—%—% Zo|HA

11%77}7\] TEEE] d EE ATl A = "411?—% nE YA
ez AR, o] AT A= nEY AA
o} LIRS dFeR f9% PEHY S7H8 YE
Yok HolA vzt itk ddEn &3 AAA o
ok 2 n¥EAFAE Yo R & AT, T NOg
T gaof 2A4E I ot 7| B HEetA W
dle A7, 28| A7 &% Edold Al citrulline
A3 AR7F nEgeAte] dstoll vx = J S st

Citrulline MX[0f ME AMEZIISQ W}

SBPE A2wE/d e ougg Yehlle A 27t =9
(Kasser & Bruce, 1969), 8% CO, TPR, %9
24, aeln A 5 Al Adar)sd o8 2
e tHKenney et al., 1999). Wby 5ol <& &
kel ®skE tHa] fEiA = HR, SV, CO, 183
TPRe ®3lE 3/ A& 2987t ok 1 &<t PEH
7F vehve 71dE Avete 2 7HA] 7ol AlE A
om O F 7P EAY M A A= 2
§4170] CO%t TPRY] A A< F&5 7] Wi,
Fuldto] CO TPRY < ‘%k% Hhol A Hth= Ao
2 AW ¥t (Hagberg et al., 1987). Beaulieu et
al.(1993) YRS Wtz EYsddr 2t
A9l HAdstese AAS A, 55 857 &
TPRe] SPgAlell vlal frelatAl S7hE ek Haskgl
o w55 3187 F S71d TPRS PEHE U
e +83 71d F shvgta sidE 4 Sl

o] AT A= citrulline A2 H]HA| ko] 557
% HR, CO, 18]a TPR B frolg Aol 7} vehtA]
&kth. SVE citrulline AX|A] 3E7] 4583 60+
Ao A Bl A E} o] abA] WAl YERETE. Kenney
et al.(1999)2 SV7} A7 Eotes AHde <

i)
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) m}; o =
oty
Iz
N
%0, ofy o
offl
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Ao B3Y Ao #5¢ 1
g 5 Ul 7 891¢] o
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Folet a7 vepdA] sttt ol 717 citrulline
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Zre] Aol ofste] yERd Ao A HTt

o] AFolA citrulline A&l wh &7 5
o] frelatAl Fad Ao YepgA Rt A5 A
E T SVEE dF s Wk ¥ HR, CO, 281
TPRY] ol g st VA 63ttt webA citrulline
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#75e Wgtr Adsty)ole Fel7t o] Belrh, w
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% AMP7} IMPZE A1 offl7|7} AAZ
StRuo} X7} F7be | o|Zle] gRo] 3
A71=AcH Barnes et al., 1964). Wilkerson
orvath(1975)= HW&gHatad e dAe &
Lo} X7} QPG Al Blste] 1.84) F7E %L
Busgtt 174 % 5+ Eotd A gEYo}

7} Z7FE¥ phosphofructokinase (PFK)7}
tal, gFHAb] of" CoAR AHslete Aol
‘3} PFK-"J gAste gk "g’“ FE 7171
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