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The effect of pyruvate intake and aerobic exercise on the change of

serum parameters and body composition in obese men

Hyun-Jung Cho, II-Young Paik, Ji-Soo Kim, & Dae-Eun Kim*

Yonsei University

[Purpose] The aim of this study is to find how the pyruvate intake and aerobic exercise effect on the
body composition, exercise performance ability, blood factor and obesity related hormone, and to verify
the effect of pyruvate intake and aerobic exercise as an effective substance for obesity improvement.
[Methods] This study selected 20 obese men in their twenties who has more BMI than 25kg/n, and are
applicable in 25% of the body fat, and randomly sampled group of 10 people for pyruvate intake and
aerobic exercise (PYA), and 10 people for placebo intake and aerobic exercise (PLA). Intake of pyruvate
and placebo was implemented for 10 weeks, 6 g a day, and aerobic exercise, treadmill exercise in the
intensity of 50~ 60%’s target heart rate, was conducted for 10 weeks, 3 times a week, 60 minutes a day.
To demonstrate the effect of pyruvate intake and aerobic exercise, all of the body composition, exercise
performance ability, Lactate, and blood factor and hormone related to obesity were measured before and
after the test in the same manner. [Results] The main results from this study are as follow; 1) In the
case of body composition, in PYA, weight(p<.01), BMI(p<.05), body fat percentage(p<.01), and body
weight without fat(p<.001) are reduced meaningfully. 2) In the exercise performance ability increased
significantly in both PYA(p<.01) and PLA(p<.001) for VO, Also, in the case of distance during the
exercise, PYA(p<.01) and PLA(p<.05) increased significantly in 15 minutes and PYA(p<.01) and PLA
(p<.05) 30 minutes, but only in PYA from 45 minutes(p<.01) to 60 minutes(p<.05) 3) In case of
Lactate, the significant decrease in PYA during stabilization and the significant increase in PYA after 30
minutes of exercise was not seen after 45 minutes 4) In the case of blood factor, HDL-C showed a mean-
ingful decrease in PLA(p<.05) and Leptin showed a meaningful decrease in PYA(p<.001). [Conclusions]
To sum up these results, it was more effective for the group of PYA which ingested pyruvate in impro-
ving obesity, even when the same aerobic exercise is conducted.
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A Ak SASAIA A 9] 224 (adipose tis-
sue) S EHA 02 7FAaA )] Wit AZ B S 93
A e 5 W o2 A7Et(McMurray et al., 2014).
oA oA BZFA] (ergogenic aids) AH & +FA Al
o] oyA] Fdz} S8 FHAJA TS 71, &
I} 3 e o vgk R ol B S B A Q] o
4= o+ (Naderi et al., 2016).

X
i ol

53] 9] FH 2 pyruvate) & Ak oHA] tiAke]
Rt AbEolAl 8] Eoll A AA2GA B HE 2=
A, A 2 F Sk AlS B A e ol &2

7}tk R = (Olek et al., 2014; Cong & Jiang,
2018). FAtE EFoR At FHo] A&E HSdle
pyruvate= ZAF(lactate) & HSIE x| @31 n|EZE
glo}& o] Fato] 2R @ F A (pyruvate dehydro-
genase: PDH) <l 93] o}Al€ B% &4 A(acetyl coen—
zyme A) 2 ASE T} (Schell et al., 2014). o2 gk 2}g &
AA 9] A obe Al 4F <14 (adenosine triphos—
phate: ATP)= A/38k= tiA 2 o™, mhebA] pyru-
vate® oA Aol wi-§- Fa3 A AFA (pre-
cusor)©] B (Gray et al., 2014). 717t pyruvate 433
TAE 5 BT Adle AW dAE g F3
3l (Koivisto et al., 2016), A &5 A&
S A 59 v Eo] Eobd uwat v H M E o %
A ERE AL § Ath(Lee et al., 2009).
A | leptine H] T 44 A EZ4] (Zhang et al.,
1994) gntd oz G AF AFFETE vl Jep-
tin 3= 28 oo & =7 Yehd=t, oja ¥l
S Hgto 2 olg] F7HE Az o] 3 leptin FES
S7FA Aol wet leptin A& frdstar, o) #9
AF B el|A] 2n] Aete] Acles Hudtk(Banks
et al, 2011; Wauman et al., 2017). wheb A 7+

fl
e
i

2E BT AT WEkE leptin TR & A7) =H &
22l W o 2 AA S 2 9l (Park & Ahima, 2015).
FAEE E50] EF leptin 5 WA sta, AA 7
oy frits 58S A7 2 AGA S-S AT
= 227} 9l o (Akbarpour, 2013) E3] 7|7k &
e EEE EYE 72 glo] leptin £ E 344
o2 AN E Aoz Bay At Motamedi et al.,
2017). ¥¥9, pyruvate 415 ¢ leptin®] W3}& gol

A+ o5 B3 Aot
YARE # =& A7rE YA pyruvate TS

o J

T AFAME AA T8 Mst RMRY 57}, 1
gl I3 A4 A T 384 At EaE ]
(Cortez et al., 1991: Cong & Jiang, 2018). Kalman
et al.(1999)2 drt A& gz Al 2 AAY 7
2ol 37} 9l pyruvate 43 FE 3HF 6g/d= A A
39 2.1 Koh-Banerjee et al. (2005)-& pyruvate 4
HHFE T bg/d= AlAleta ek, 2y g o
TF7F @71 & F e A EAY FY pyru-
vate A F W& A X ¢ 75, o|n] A E FFo] dylE
o e SEATFE AR ¢ A, 2 v vt
e AFEol e (Morrison et al.,
2000: Hermann et al., 2004), F& AlA 74 2 I3
A4 5] WgtE ZR1st4 th(Onakpoya et al., 2014).
E3] A71719) pyruvate BEA AH 2 &5 AXE B
a3l 200 Bk FAd ] Ak 9 H|RE A S 28 59
WSS dolE AT e vl FE53 Aol
upgbd 2 ATE pyruvate A3 9 ks &F A
7F 200) Ik G o] AAFA, EETFdsY, 18
ool 9 njuk #H T2 RO Jeptind] A& T
o thafl HZske], Hwk H Ao BAAQl EAEA pyr-
uvate A# &3 2 A &5 98 FEstaat
8!

o,

2

oA TLHA

B AT gzt Yol gt g4 2 SA] Ao A
F3l 200 v YA 0 24 WHOZF B8 o}A|o}
B 71202 BMI 25kg/m?, AAHH-E (percent body
fat: BF) 25% ©174<1 A+ % 207 < A48kt AR
A T3S Ball Ao e SRS AH S =1 A
WA o 7 Zolatglom | o shA Agto] glu, 2 67 €
ol AAAQ &% 7 o] §le A ez 319

A

[

% 20522 pyruvate AFH 9 F4HAE S5 H(pyr-
uvate +aerobic exercise group: PYA), 9<F A%< &

b4 5 A (placebo+aerobic exercise group: PLA)
o2 v, 247 1084 7489 (random assign-
ment) St TH AT tdAke] A A 54 (Table 1)
¥} 2t}



Table 1. Physical characteristics of participants

(Mean£SD)
Variable Group
PYA (n=10) PLA (n=10)

Age (yrs) 25.6+2.0 25.3+2.8
Height (cm) 179.7£7.3 175.446.1
Body weight (kg) 90.2+5.4 87.0£2.6
BMI (kg/n?) 28.6+0.9 28.0+1.1
%BF (%) 28.6+3.8 28.543.4
Body fat mass (kg) 26.3£3.9 26.5+6.8
Lean body mass (kg) 36.5+2.8 34.9+1.9

PYA: pyruvate+aerobic exercise group,

PLA: placebo+aerobic exercise group,

BMI: body mass index, %BF: percent body fat,
BFM: body fat mass, LBM: lean body mass.
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AR 2=e 20 ~ 23°C, 5 40 ~ 60%= A5t
AL, T P = AT F FHHA AAE dAlst
Atk

Azt AT
AA 3} AT Weleze A%, A, BMI, #A
WE AR 23 AARES AT S
Yt gt Fitness Center =& A A oA A A8t 0,
243} A5 B H=A (BSM330, Biospace, Korea)
2 343893, BMI, AAE, AR, 28 AA
W A A7 A GHE S o] 43 A -S4 7] (InBody
720, Biospace, Korea) & AH&-d 233ttt 2% 12
AR B3 S48 A E At 35 e &
=8

et on, A7AZ dFE A

galolel TG, TC, HDL-C, LDL-C, Insulin,
Glucose, HOMA-IR, 283 leptin& AFA ZHA} 13],
105:7+9] A% (pyruvate B8 2k A # 9 1444 &%)
Z7 T ALE AL 132 F 235 AN e =23
48A 7 A S8 gt A DS AAsta, 12417
ALH 23 S48 HH S A3 35 JE 2 ofd 7 ~
Joll Yoheha HApdel] =2kste] 30%7ke] g A
¢ AT} St fFofat A AH AT Fg
(antecubital vein)ol| A 13]8 FA7] 2 20 ml2
A, 2t A= w93 A 9
o] 3,000 rpm&.Z 10%7F 94
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3t Enzymatic Colorimetric Assay AAF o= £4
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A3 Enzymatic reference method with hexokinase
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o

R
d
<

o,
=3
N

[}
==

> Aol
X,
(o]
I~
o o
an
[
=2
o,

o oMo

ol wel Mr b pet N

=



226 Hyun-Jung Cho et al.

Roche, Germany) & ©]4-3}¢] Insulin(Roche, Germany)
kit A8 ECLIA(Electrochemiluminescence Immu-
noassay) AAF B o 2 B35t} Insulin resistance
A 391 HOMA-IRS 3E21% 3 (fasting plasma insulin:
FPD) ¥ ZEd 3 (fasting plasma glucose: FPG)S ©]

3t th3o] 4o Uyt & 4Esk o (Matthews
et al., 1985).
HOMA-IR = (FPL(uU/mL) *FPG(mmol/L)}/22.5

Lepting  y-counter(COBRA 5010 Quantum,
PACKARD, USA)£ ©]-§-sto] Human Leptin RIA kit
£ AHE-3 RIA(Radioimmunoassay) AAF WH o2 &
Attt e FAA REFd s HSE Yol
7] 913 & lactate AAFE AP (Frats &5 A% 1Y
ZH) 2 AR (17 }
o2 HAAEAT EYEEAA F
(target heart rate: THR) 60% 74=2] fAka 24
(A, &% & 308, 45%) &4k, 5 HA
£ nir] 99 (finger-tip) WH 22 A8 = Accutrend
BM Lactate(Roche, Germany) kitE AFg-al] 24t
A7) (Accutrend® Plus, Roche Diagnostics GmbH,
Germany) = #4159t}

N g% R 29 ) R

Z|CHAA M2 B
A2 7o) M3lE dolHr] Y&l Bruce protocol
o et VOoum® S48t TH(Bruce et al., 2004).
AP B ARE HAL Al AAA ST Y GFHE ¢hsst
3L, 30% ol Fwe 4 E e T Yol g Fitness
|
I

z
m\e
o ru

Center & HAM o gttt Ed = (TM65,
Quinton, USA)l| M A9-4=247] (FT2, T31coded™,
Polar, Finland) & 2 AAstd e, 57149
71+ 7}2~E27] (TrueOne 2400, ParvoMedics, Sandy,
Utah, USA)E o|-&-3to] E43t5itt.

op °
ot
a

E4use 57
10731 AR 2
§49%2 (THR

T £5 2%_1 A) sdst oz Z4sigon Ay
o HR 60%7F =5 243} treadmill
&5 89 3}04(15'v‘ 30%, 455, 60%) o} 9] 4
=

o Lo dr o

) T 5L HAAlsdt. &% 7
=& o8] ¥4 (heart rate reserve: HRR)®l 2] A3k
THR= F% 3= karvonen 34 (THR = (F A H< -

P A Aldk) * 9= Zhr 4 ol A] AlEka) S o] 9] F)
THR 50 ~ 65%9] == 43891, 54 ZeHFT2,
T31coded™, Polar, Finland)E #-&35te] &% 7es}
AHEE Al gelsksd

Hi
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0=

Pyruvate & 2|2 MF

= 979 pyruvate HF SFS AT A4 FAE B
ok Mg Toll AT 1Y 6go 2 A% 39 tH(Kalman
et al., 1999). =3} pyruvate(Calcium pyruvate, Now
foods, USA)= AF17F &old #&d A%, 48d7l
AREE A, 223 9oF Al X} 7}&5} AlFol F3
A Zow A TetETt. A e 1A% 129
WAl M d pyruvate EE2A S O}T 58 a4 105 Zl
o opl F&E AEA AR st A5 15
2 AFA o]} whe& Fleta CE:rL N &
ol = Al AH T 2 FA
g & ApEA o2 FostE R okt
vt— PYASH 997 271, A%, 221
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AEA = B aeln AAEHE(pC.001)0] feldA FaHAn
(Table 2 'LZ>
B ATl A A& BE A5 = SPSS PC+ for Windows PEPE IS ‘ﬂﬁ]—“ VOu® &% 2 72] 155

(version 23.0) ¥ Z29€ ol8a FHANE 2 gou yw gomapy me aplel 2asbl felehl

;]1:]—0]]7\1 T: %“év\“\:ﬂ 11'/] 7]% 74] ao]:?-_" %ﬁ(mean) E}—})jﬁ} PYA p< 01)9], PLA(p< 001 ]}\1 VOZmaxﬂ’ -
¥F9 2} (standard deviation of mean: SD)E A A| &A Z71E Q. Ta PYAH L% = 152 (p(
]

etk o ARHPYA, PLAIRE, = BAHARAAL A 1y a0 00 01). 4558 (p¢ 01), 223 60%(p( .05)
715:]/‘})2_]' %;é]}\é 7\:4% = <] —1‘:‘40]4 'lﬂ'?"' z]-o]-g 745 ﬂﬂoﬂ 1 _11:_ %_40]_71] —7]'54%94@ PLAOHH _C,LE
o719 W el AR (twoway ANOVA with 2 158 (¢ 05)3% 302 (p(.05) AN R3] 2

repeated measures)= AA AT AT FE% A 15191 Table 3 ).

B Lactate®] ¥sh= PgAIIA Jz}h A7]9] Fazt
-7 —o—(palred = go] SO JETH £ 2 308 Aekg A7
of Fa3 9 HF A7 9] FsAgo] oA vE

t] L
A% (independent t-test) 2.2 FAa¢th LE 57 dom Atk 7kl 2po|= A|7|oA] PYA BT} PLAZF &
B fo4F(a) 052 AA AT o}/ e Aoz Lehgth PYAG|A SHEAT (p¢ .001)
of folatA Fastelon, &% & 308 (p(.001)4=
o TAz} FolstAl 71 Tk Table 4 #2).

galolo] M= HDL-ColA Au Al7]e] 4%
AR Make AR ED ARG FAA A7l Ago] fol5HA FEREeR leptinl A Al7]¢)
FEI7} frelet dehg s, BMIGIA dash Al7le] 2@ At Al7)e) 4aatgol folakA et PLA
Faargol folah yehgon], AlFdE A7 = olA HDL-C(p{ .05)7} f<latl A&=2em, PYA
a3 g A3t A7e Asagol folshA UEhgt. ol Leptin(p(.001)0] $2lakA 4= Atk Table 5
PYASIA AZ(p(.01), BMI(p<.05), AAEE(p.01), Hx).

Table 2. Changes of physique and body composition (Mean+SD)
) Tests
Variables Groups A% P
Pre Post

. » R G 400
Body Weight PYA 90.245.4 872462 3.40 G a0
(kg) PLA 87.042.6 87.3+0.8 033 GXT 014+
Body mass index PYA 28.6£0.9 277413 332 g .ggézl
(kg/m’) PLA 28.0+1.1 28.842.8 2.66 GXT 049+
Percent body fat PYA 28.63.8 26.144.0 -8.65 %’3 .(5)3121
(%) PLA 28.543 .4 28.0+4.9 -1.98 GXT 161
Body fat mass PYA 26.3£3.9 234439 -11.05 CTi (.)Z) 13
(kg) PLA 26.546.8 25.146.6 -5.54 GXT 137
Lean body mass PYA 36.5£2.8 36.543.3 -0.01 ? ggg
(kg) PLA 34.9+1.9 352419 1.02 GXT 388

PYA: pyruvate+aerobic exercise group, PLA: placebo+aerobic exercise group, G: group, T: time, GXT: group Xtime
(.05, T7*¢.001: Significant main effect or interaction,
(.05, <.01, <.001: Significant difference between pre and post test within a group.
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Table 3. Changes of exercise performance ability (Mean+SD)
Tests
Variables Groups A% P
Pre Post
VO PYA 32.5+4.1 36.6+44 7 12.58 G 726
In]/er(nax ) T 000"
(ml/kg/min) PLA 33.847.6 372468 10.28 GXT 593
Dista_nce during the exercise of PYA 1.8+0.2 1.9+02 12.09 %} g(% %H—F
15 minutes (km) PLA 1.720.2 1.9£0.2 : 0.84 GXT 931
Distapce during the exercise of PYA 3.580.4 4.1x06 9.01 EF} éggw
30 minutes (km) PLA 3.240.9 3.840.5 : 9.60 GXT 874
Distapce during the exercise of PYA 5:4+0.5 6.2+0.9 1847 ? 882H
45 minutes (km) PLA 4.8+13 5.740.6 1891 GXT 973
Dista_nce during the exercise of PYA 6.8+0.5 73+0.8 15.75 (T; 8§2+
60 minutes (km) PLA 6.3£1.5 7.141.0 17.99 GXT 575

PYA: pyruvate+aerobic exercise group, PLA: placebo+aerobic exercise group, G: group, T: time, GXT: group Xtime
*(.05, T"*¢.001: Significant main effect or interaction,
.05, <.01, <.001: Significant difference between pre and post test within a group.

Table 4. Changes of lactate (Mean+SD)
. Tests
Variables Groups A% P
Pre Post

Lactate of when it is stable PYA 2.6+0.5 1.3+0.2 -48.74 CT} 888##

(mmol/ €) PLA 23402 1.9+0.6 118,65 GXT 002
sHokok ++

Lactqte during the exercise of PYA 4.8+1.5 11.9+4.7 147.00 %} 88(1)H+

30 minutes (mmol/ ¢') PLA 3.650.9" 49419 3753 GXT 001+

Lacta_te during the exercise of PYA 6.1+1.3 5.8£2.7 -5.27 ? ggg

45 minutes (mmol/ ¢) PLA 5.842.1 6.141.9 485 GXT 646

PYA: pyruvate+aerobic exercise group, PLA: placebo+aerobic exercise group, G: group, T: time, GXT: group Xtime
++¢.01, +++<{.001: Significant main effect or interaction,
*(.001: Significant difference between pre and post test within a group.

#: The difference between the two groups.

o B 2 23E 7IdE 3l
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& Aol A= 200 B R

=
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23} BMI(3.32% 7+4)9] §2l3k Wb} veykon
AA G ED AA R FS ol g Wl vehA] ekgto
U A71e] FERI} Fof et A e AR E(8.65%
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Table 5. Changes of blood factor and obesity related hormone (Mean+SD)
Tests
Variables Groups A% P
Pre Post

G PYA 11724342 107.4429.0 836 G 437
T 659
(mg/dl) PLA 12486498 126.0+52.8 0.96 GXT 573
e PYA 196.1430.0 18474223 581 G 785
T 534
(mg/dl) PLA 18544200  190.6+15.3 2.80 GXT 107
HDL.C PYA 53.4+135  S54.4+144 1.87 G 252
T 176
(mg/di) PLA 50.4+9.4 45861  ° 9.13 GXT 042
LDL.C PYA 12858281  121.1£17.6 576 (T3 23;2(1)
(mg/dl) PLA 12754307 125.1220.5 -1.88 GXT 638
Tnsulin PYA 10.9+3.4 10.8+4.0 4136 cTi ?22
(1U/ml) PLA 13.145.8 10.4+3.6 2046 GXT 215
Glucose PYA 97.5£9.9 96.0+7.4 -1.54 ? %‘55
(mg/dl) PLA 92,5438 94.9+1.7 2.54 GXT 148
PYA 2.741.0 2.540.9 4,90 G 740
HOMA-IR T 122
PLA 3.1+1.4 24408 2151 GXT 291
. N - G 755
Leptin PYA 15.9+7.2 10.745.8 32,64 G 758
(ng/ml) PLA 15.246.2 13.246.0 -13.59 GXT 1049

PYA: pyruvate+aerobic exercise group, PLA: placebo+aerobic exercise group, G: group, T: time, GXT: group Xtime

+{.05, +++<.001: Significant main effect or interaction,

*.05, ***(.001: Significant difference between pre and post test within a group.

A3 &= pyruvate A FH 9 FF5A BAFE pyruvate
AFATAA STl ed e & A dAF 2l ut

245 2 AN 74 E g H3A T (Kalman et
al., 1999; Koivisto et al., 2016; Gong & Jiang, 2018)
o] A3t} A3} T}, Ledee et al. (2015) AW F+
ot 9] pyruvate’t FA W FALE A AW Y
Hl&o| Z71E Y, A 0= glycogen Ao E37}
Bl wet SETrdsEy B 7P ks
Ate] AL Ball Al B AR e AR
JakS v)A & vt Hudtsith. Lundsgaard et al.
(2017)& 4% 24 $5 07 TG7F &4 lipasedl
ol gto] Fe| A WA (free fatty acid: FFA) .2 Eaf ¥ 1
A FolluA gz FaE =, At 8 A&
T5 AW AL & 24 8 of Zﬂz 2 AA T e
Wt A G ATy Eusth %
e 1057 A= 4t %%% 1ot AAIE

AW BE £F JEE A vsh gl Y st

Fr

y)
rLHo
t:“]rﬂ"'m'
1—u:-{n=°.‘=’Lru

[e]
EO

}-ﬂ
¢

19 50 ~ 65% FE 2 AA
F oA Loz AHEH A=
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