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: Metabolomics is an emerging field in recently life science

research. By the reveal of full-range spectrums of high
sensitive and fast instruments, it can be applied in the
overall detection of variable small metabolic molecules in
all organic body. Then the changed metabolic pathway will
be detected. Wild bitter gourd ((Momordica charantia, BG)
1s a common tropical vegetable. The hypoglycemic and
hypolipidemic effect of various preparations of BG has been
reported. It has been shown that wild bitter gourd
increased 02 consumption and mRNA expression of genes
related to mitochondria biogenesis and energy metabolism of
mice. The purpose of this study is to explore the metabolic
change in the middle- and long-distance runners by using
metabolomics as study model and to elucidate the potential
of being a kind of ergogenic aid. According a randomized
and double-blinded design, we provided the capsules of
bitter gourd powder (BGP) or placebo for the middle- and
long-distance runners for two weeks. We analyzed the body
composition, performance of endurance exercise, respiration
gas and blood samples in the beginning and the end. From
the LCMS metabolomics data, we found the dipeptides
contents in the serum samples were higher in the BGP group.
The long-chain fatty acids, its carnitine derivatives,
steroids, phosphatidylserine, and oxidized lipids were
lower. It indicated the efficiency of energy provision from
each energy nutrient were increased, and the accumulation
of oxidized products were decreased through the bitter
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gourd supplement. Although the exercise performance and
body composition were not changed, this study provided
tentative evidence of promoting energy utilization of the
wild bitter gourd in the athletes.

bitter gourd, metabolomics, runners, energy utilization
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Exploration of metabolic changes in athletes induced by wild bitter gourd (Momordica

Charantia) supplementation using metabolomic study
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Abstract

Metabolomics is an emerging field in recently life science research. By the reveal of full-range spectrums
of high sensitive and fast instruments, it can be applied in the overall detection of variable small metabolic
molecules in all organic body. Then the changed metabolic pathway will be detected. Wild bitter gourd
((Momordica charantia, BG) is a common tropical vegetable. The hypoglycemic and hypolipidemic effect of
various preparations of BG has been reported. It has been shown that wild bitter gourd increased O,
consumption and mRNA expression of genes related to mitochondria biogenesis and energy metabolism of
mice. The purpose of this study is to explore the metabolic change in the middle- and long-distance runners by
using metabolomics as study model and to elucidate the potential of being a kind of ergogenic aid. According
a randomized and double-blinded design, we provided the capsules of bitter gourd powder (BGP) or placebo
for the middle- and long-distance runners for two weeks. We analyzed the body composition, performance of
endurance exercise, respiration gas and blood samples in the beginning and the end. From the LCMS
metabolomics data, we found the dipeptides contents in the serum samples were higher in the BGP group. The
long-chain fatty acids, its carnitine derivatives, steroids, phosphatidylserine, and oxidized lipids were lower. It
indicated the efficiency of energy provision from each energy nutrient were increased, and the accumulation of
oxidized products were decreased through the bitter gourd supplement. Although the exercise performance and body
composition were not changed, this study provided tentative evidence of promoting energy utilization of the wild

bitter gourd in the athletes.

Key words: bitter gourd, metabolomics, runners, energy utilization
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Gln .etc) k& B FH B » @ W2 g F 82 sk (C16:0,C18:1, C18:2) k& R 3‘5%‘*@@ N e
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21 LEARAA GHY LS DA R R T AR

Pre Post
Con BGP Con BGP

VO2max 7.1+ 6.3 725+ 79
BMI 19.7+ 0.8 203+ 1.5 194+ 0.9 194+ 12
Weight (kg) 56.8+ 2.7 583+ 4.6 559+ 22 578+ 3.9
g £ (kg) 458+ 2.5 46.8+ 4.2 460+ 2.1 468+ 3.7
Body fat (%) 135+ 24 137+ 3.7 119+ 23 132+ 35
At rest

RQ 0.83+ 0.05 0.83+ 0.06 086+ 0.06 0.84+ 0.04

RQ ®# 1t & (%) 3.6 82 1.8+ 95

Lactate (mM) 099+ 0.22 1.18+ 0.22 1.14+ 0.18 1.20+ 0.35
After 5000m exercise

RQ 097+ 0.06 094+ 0.04 096+ 0.05 097+ 0.03

RQ %1 & (%) 0.6+ 2.0 30+ 52°

Lactate (mM) 738+ 2.43 8.13+ 2.44 773+ 2.65 850+ 2091
Exercise performance

5000 m (sec) 1111.5+ 83.8 10943+ 81.2 10943+ 71.1 10549+ 115.8

10K m (sec) 24439+ 173.8 2305.9+ 165.2 24739+ 2572 23039+ 179.0

final 800m (s) 188.5+ 17.9 181.7+ 26.9 199.6+ 378 1713+ 887
final 400m (s) 88.6+ 11.0 86.0+ 16.9 962+ 204 814+ 4.8

$: BGP versus Control, p<0.1.

#: Post versus Pre, p <0.1.
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%2 - dxn it iviEe T

Pre Post
Con BGP Con BGP
At rest
TG(mmol/L) 0.65 + 0.21 0.77 + 0.36 0.89+ 031%  0.86+ 0.39
NEFA(mmol/L) 0.27 = 0.11 0.24 + 0.20 0.37 £ 0.27 0.34 £+ 0.20
D-HYD(mmol/l) 0.02 = 0.01 0.02 = 0.02 0.06 £ 0.06 0.03 + 0.03
UA(mmol/L) 037+ 0.10  0.40 + 0.08 0.36 + 0.06 036+ 0.10*
HDL-C(mmol/L) 25+ 0.5 24+ 0.5 24+ 0.2 24+ 04
CK(U/L) 19.0+ 4.2 23.1+ 124 18.0+ 4.1 30.1+ 31.5
GLY (umol/l) 190+ 8.8 176+ 6.9 274+ 23.6 223+ 133
After exercise
TG(mmol/L) 0.77 £ 024  0.96 + 0.59 0.95+ 033% 090+ 0.33
NEFA(mmol/L) 0.63 + 0.26 042+ 0.16° 0.49 + 0.18 0.36 + 0.12 %
D-HYD(mmol/l) 0.07 £ 0.03 0.06 £ 0.01 0.08 £ 0.05 0.05 + 0.02
UA(mmol/L) 0.42 = 0.11 0.46 £ 0.09 0.37 £ 0.04 0.42+ 0.10*
HDL-C(mmol/L) 28+ 04 27+ 04 27+ 02 27+ 04
CK(U/L) 233+ 88 269+ 128 26+ 64 39.0+ 35.7%
GLY (umol/T) 145.1 £ 74.1 102.1 £ 354 107.3 £ 51.9 934+ 49.1

TG:triglyceride, NEFA: nonestesterified fatty acid, D-HYD: D-3- hydroxybutyrate, UA: uric acid, HDL-C: HDL-Cholesterol,
CK: creatine kinase, GLY: glycerol.
$: BGP versus Control, p<0.1.

#: Post versus Pre, p <0.1.
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(A) After exercise

(B) At Rest
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(A) After exercise
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% 3 Tentative assignment of post-exercise plasma metabolites with higher abundance in BGP group compared to Control group (p<0.05)

RT  Tentative Theoretical Chemical Regulation
No. m/z Tentative identification Proposed compound description
(min) adduct MW Formula Fold
1 275.1710  0.70 M+H 274.1641 C1 HxN,0,4 35 Glu-Lys dipeptide ERENATENHRED
2 294.1539 187  M+Na 271.1644 C11HyNsO; 2.1 Pro-Arg dipeptide ERENATENHRED

% 4 Tentative assignment of post-exercise plasma metabolites with lower abundance in BGP group compared to Control group (p<0.05)

RT Tentative Theoretical Chemical  Regulation
No. m/z Tentative identification Proposed compound description
(min)  adduct MW Formula Fold
1 703.6234  6.19 M+H 702.6162 C45Hg,05 0.5 DG(22:0/0:0/20:3n9)...
M+Na 680.6319 C43Hg4Os DG(18:0/22:0/0:0)...
2 7544622 6.20 M+Na 731.4737  C33H70NOy(P 0.5 PS(14:0/18:2)... phosphatidylserine
M+H 753.4581  CyHggNO P PS(14:1/20:4)...
3 718.4026 6.22 M+K 679.4424  C34HgNOoP 0.5 PS(14:0/14:0)
4 6694956 622  M+Na  646.5050 C;sH;N,O¢P 0.5 SM(d18:1/12:0) BB AREEY
5 827.6674 6.22 M+Na 804.6784 Cs7HgsO, 0.5 2-Decaprenyl-6-methoxyphenol Polyprenylphenols
6 7193785 622  2M+Na  348.1937  CyHy0s 0.5 12,20-Dioxo-leukotriene B4 H=GHBERIEEY
7 386.2899  8.26 M+H 385.2828 C,H3oNO;s 0.3 3-Hydroxy-cis-5-tetradecenoylcanitine hydroxy fatty acids
8 383.2192 8.44 M+Na 360.2301 C,,H3,04 0.3 Resolvin or Neuroprotectin metabolites of DHA
9 367.2453  8.44 M+H 366.2406 C,1H3405 0.3 Sa-Tetrahydrocortisol
10 4443681 8.45 M+H 443.3611 C,5sH4oNOs 0.3 12-Hydroxy-12-octadecanoylcarnitine acyl carnitines
11 3422638  8.65 M+H 341.2566 CoH3sNO, 0.2 trans-2-Dodecenoylcarnitine
12 363.1931 865  M+Na 3402038  CypHyO; 0.2 Canrenone — &R P B B R BRI
13 4243419  8.65 M-+H 4233349  C,sHysNOy 0.2 Linoelaidyl carnitine g EL A
M+H 4233349  C,sHusNO, Linoleyl carnitine AR REMEREBRIETTEYD
14 370.2951 8.65 M-+H 369.2879 C,H;30NO, 0.2 cis-5-Tetradecenoylcarnitine acyl carnitines
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15
16
17
18
19
20
21
22
23
24

25

344.2794
400.3419
372.3105
426.3573
368.2794
309.2422
291.2316
295.2266
335.2554
330.3000

295.2629

o O O

9.04
9.04
9.04
9.04
10.88
10.89

10.89

M+H
M+H
M+H
M+H
M+H
M+H
M+H
M+H
M+H
M+H
M+H
M+H

343.2723
399.3349
371.3036
425.3505
367.2723
308.2351
290.2246
294.2195
334.2508
329.2930
329.2930
294.2559

C9H37NO4
Cy3HysNOy
C,1Hy NOy
CysHy7NOy
C,1H37;NO,
CioH3,05
CioH300,
CisH3005
C21H340;5
CioH30NO;3
CioH30NO;3
C19H3402

0.2
0.2
0.2
0.3
0.2
0.2
0.2
0.4
0.1
0.02

0.03

Dodecanoylcarnitine
L-Palmitoylcarnitine
Tetradecanoylcarnitine
Oleoylcarnitine

3, 5-Tetradecadiencarnitine
12,15-epoxy-13-methyleicosa-12,14-dienoic acid
Sb-Dihydrotestosterone

HOTE or EpoODE
Tetrahydrodeoxycorticosterone
Palmitoyl Serinol
Dihydroceramide

Methyl linolelaidate

MERBRBKIESY

R R IR RS I BB DTN

carnitine
RIBHEGS -
gl =t A =Y
MK g s 7y B

an intermediate in Androgen

an oxygenated lipid
—71& GABA W RS HAEN
C-16 fHASEEIZAVER LI
HERCHNPEED

|
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% 5 Tentative assignment of plasma metabolites in rest state with higher abundance in BGP group compared to Control group (p<0.05)

RT  Tentative  Theoretical Chemical  Regulation
No. m/z Tentative identification Proposed compound description
(min) adduct MW Formula Fold

1 263.1461 0.69 2M+H 131.0695 C,HyN;0, 2.7 Creatine an amino acid

2 3651052 070  M+Na 342.1162 C1oH»O0y 43.8 Galactinol FAERCHNPBEED
M+Na 342.1162 C,Hp»O0y 3-b-Galactopyranosyl glucose organic compounds known as fatty acyl glycosides
M+Na 342.1162 C,Hp»O0y Turanose organic compounds known as fatty acyl glycosides
M+Na 342.1162 C,H»,0p Epimelibiose involved in galactose metabolism

3 217.1545 0.72 M+H 216.1474  C1oHyN,0;4 2.0 Valyl-Valine ERBEHLES BN ATEDBREY

4 286.1404  0.72 M+H 285.1325 C1,H9N;05 6.1 Glycylprolylhydroxyproline RAER(EESY(TERMIMBEH 33R)

5  366.1086  0.72 M+K 327.1471 C1oH, NO, 89.4 6-Acetylmorphine BB A{EEY)

6 381.0791 0.74 M+K 342.1162 C,Hp»O0y 64.4 Turanose organic compounds known as fatty acyl glycosides
M+K 342.1162 C,H»,0p Epimelibiose involved in galactose metabolism
M+K 342.1162 C1pH»01 Galactinol FHBABNPEEY

7 215.1373 0.89 M+H 214.1317 CioHsN,O;4 2.4 Valyl-Proline ERBEHLESDBENATEDBREY
M+H 214.1317 CioHsN,O;4 Prolyl-Valine ERBEHLESDBNATEDREY)

% 6 Tentative assignment of plasma metabolites in rest state with lower abundance in BGP group compared to Control group (p<0.05)

RT  Tentative Theoretical Chemical Regulation
No. m/z Tentative identification Proposed compound description
(min) adduct MW Formula Fold
1 400.3419 8.99 M+H 399.3349 Cy3HysNOy 0.4 L-Palmitoylcarnitine a long-chain acyl fatty acid derivative ester of carnitine
2 3732741  7.52 M+H 372.2664 Cy4H3405 0.5 Cervonoyl ethanolamide IEMEREEBEEY) - RHEEERBEEREINEE
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