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Analysis of plasma metabolites in sepsis in children OU Junbin, LIN Minzin, LI Xiaolin, LIU Yuling »
LIANG Qiao. Zhongshan Boai Hospital s Zhongshan 528403 ,China

[Abstract] Objective To find the differential metabolites in children with sepsis by analyzing the levels of
serum metabolites. Methods Serum samples were collected in 24h after admission from 37 children with early
sepsis as the observation group, who were hospitalized in Zhongshan Boai Hospital from October 2019 to
November 2021,and 38 healthy children were enrolled as the control group during the same period. The
levels of 11 kinds of amino acids and 31 kinds of acylcarnitine in plasma were detected and the differences in
serum metabolites were compared between two groups. Results Principal component analysis(PCA) and orthogonal
partial least squares diseriminant analysis(OPLS-DA) showed that there was significantly different metabolic
profiling of plasma amino acids and acylcarnitine between observation group and control group; in the analysis of
amino acid, the levels of phenylalanine, valine, leucine and glycine were significantly increased; in the analysis of
acylcarnitine, the levels of butyrylcarnitine and isovalerylcarnitine were significantly increased, while the
levels of l-carnitine, myristoylcarnitine, palmitoylcarnitine, hexadecenoyl carnitine, octadecanoylcarnitine,
octadecaenoylcarnitine and octadecadienoylcarnitine were significantly decreased. Conclusion The differences
in serum metabolites in children with sepsis is mainly associated with metabolic disorders, and there may be
mitochondrial dysfunction, which can be used as biomarkers of sepsis in children.

[Keywords] Sepsis; Metabolomics; Children

JUEE e B 42 BRYG R AT B AT B 10 R R A RE IR IR TR R 2D (B IR EE AE Y B U AT X L
TRIEAR AR R 29 120 Tl R JLEERCTo R A B oA A R B0 B RE AT A W AR A T E ST AR

iz BREEAESE —Fh A B SOETERR R AL R AR B LR R

0 IR B R T T R Y 8 K A i Y A RE R IR i PR S ke v RO 32 A TR 1 2R W b
ko MREEAE AR LA S A% RV AR BE 22 41 X s 90, R A 80, C e B 2 R 8 3R D 7L 1R



[ i BE 4SS LR 2024 4F 2 45 16 55 1] Chin Pediatr Integr Tradit West Med, Feb 2024, Vol 16, No. 1 e 43 -

-, TE 12 W R R RE S O T R BN g AR
BHELE S AR T B R A R M R RE Y 0% B AR AE 2
— U Y W A I 7 4 e B A B L AR P Y
TR RS 2 A 3h 25 1 0 35 A9 A8 Ak, B0 il 3L R
TR 25 W5 K7 T L PR 3 ik A R 2 R Uk 3R
L LA B 2 R Ty R 85 A5, 11 X — 9 BRLAR b o AR h oS
W 25 B W0 5 L e TR AR VR 22 A D 1) A T B, R
T R b S R A A R R AR AR B 5 Aoty
M8 e B A8 L 20356 19 R 1k 356 TR i X 33 1 8 b
FF 0, DA T FROR R 500 v e A L 2 i A E R0 R
WhrEY .
1 XW&5FE
1.1 HRIIH

VEEL 2019 4E 10 A & 2021 4F 11 A thilimi 82
B e WS 3 1 e E i T R L 37 Bk Mg A L v B
20 B, 4 17 s AE Y (1.76 £ 0.99) %5 1K i &
(11. 74+3. 28) kg ;s R i s F8 H0M 16.83+1. 76, [
36k BUAE 3 e 17 f BRE R G A JL 3 38 491 A i R 4, L
H 18 B, 4 20 B 4E IS (1. 84+ 1. 68) & 5 1K i i
(11.01+8. 2D kg K BT FEH N 16. 77+1. 38, W
RIS ROUE X e IR N NI N NI T B
SHGE i E X (P>0.05) , LA ] ok,

ARG 3 v LT T B AR PR 2 B 4 o A
(KY-2020-004-10)
1.2 SWtRAE

% (LM R T ORI IR ) 2R TR
Y2015 JO )RR AE 12 WiAR D .
1.3 HMNIR#E

(DFFA MREAE B2 Wb i ; (2O F i 0~14 % 5
() BILG 8 g I\ &
1.4 HEBRIRAE

(DA I AR AR 5 (2) B IF 1B P50 . a0
B RLEAAE M R REEARRIE S (D H
FEEFEAN BB EE
1.5 Ak

W ZZ AL AE B TT R, T I 2E D) 2 62 R 40 ] # bk ot
K ACQUITY TQD 7 8 v R0 AH 0 33 - B 156 DU 2
FF 5T 35 SR 11 30 2 18 0 31 01 7k 5 Y ik

11 WAL AL FE TN R NS 2R RN R L H &
[N N TN R SN E N 7N TN N A T
A SEETR .

31 T gk 6 PA) kA 90 B P 0L £ T Y R TN T
PRVB L T B PR K . P T A A L P 366 Pk PR S
T PR B S 13 TG PR Ak L T PR G 1N T P L L

B\ 5% 0 T PR ) A T A 8, ) A TG A L Y
St O PR O PR T SR A T P L PR 0 TR P
3-8 ik P L5 T A R AR TBE DAY G s e A T A
350 LA R B P 6 3-8 R A el A T P B /i T
PRBRE, = /\ ik s T R K L 335 35 /Al s T A L
N R T PR 33 R\ B T
1.6 HZitEHZE

N SPSS 19. 0 B i 47 B4l g8 it 73 11 8
PERHILBCR T of KB, T R BORME AR & E S A
B, 27 MRS LL (£ 5) T 4L 0] L3R ¢ K
5 8 NARIE S A R LM (Pys o Prs) 1R R 4 1H]
3R A Mann-Whitney U #: %, X P<<0.05 &
A G B SR bR IE

B 7E SIMCA-P 14. 1 84 th 47 2840 4>
BT DA B 1E A8 B /N — T - A Z"Jﬁﬁ‘ﬁ(orthogonal par-
tial least-squares discrimination analysis, OPLS-DA),
Xt A5 TR > 1. 0 B9 Rl SPSS 19. 0
B #EAT IS REAS ¢ K6 AR AR P<Z0. 05 1y J 0],
EVE TE AR W b5 i W, e 4R I MetaboAnalyst
5. 0 FOHE PR X A= b S AT & S A0
2 #R

11 0 28 3 i M 31 T g S PR) el Az T 435

Xof T 2L i A a5 e TR B Tt i PR ) 4
A1 E IR 3 A A I BT A R AR 1Y A 0 A R E MR
F(R2X=0.56,Q2=0.27) , X P Z B A Fa 52 nl ¢,
FIAT T SRR AR AL T R R BRI
HAREA FBALT G, U500 41 A i 2% A 9
IKVPAFAEZE S WL 1 (3 =),

XoF 9 2L i A 35 R TR B ok R R ) B i
1T OPLS-DA 4 #Hr (R2Y =0. 78,Q2=10. 54) & 8,
(R TRy I R = LI T R = N 1674
YK 22 7 B3, WK 23 =),

OPLS-DA A1 200 ¥ i fj 4F 5 £ 5 (R2.
Q2 #4390 4 0,352, — 0. 534) $ /% B A K 5 1
& WA 3,

WX A E IR >1.0 H K P<
0. 05 A8tk 22 S AR, THim I A 6 i, 4 5
Tk PAI B8, T 30 7 A, J3 530 Ay PR PR R T
PR e T A 0 A T PR G /B P PR 1
VAT 2 AL R A 1 ArSE T U I o
13 Fh 22 AR AT & 43 B, L P<<0. 05 /R i i
FA AR R, WG R (P<<0. 01) KA i 17 iR
PRI B E AL (P=0.01) MRS (P=0.03)
Ry e B A LAY 2 S AU B



o 44 . [ e g BE 45 A LR 2024 4F 2 145 16 %5 1 ] Chin Pediatr Integr Tradit West Med,Feb 2024, Vol 16, No. 1
$M2.DA(1) Intercepts: R2<(0.0,0352),Q2(0.0,-0.534)
_________________________________ - = 4L
osf Wi 1 — <R
ol T L — T B

o5 1 -’: ’

-0

-15 L L ! ! !

-02 0 02 04 06 08 10
200 permutations 1 components
3 OPLS-DA 200 )& I 5z HE FF #:58 &
1 FANFZESEBREBEEARMTEEENHREZE S WEFREWELE (x£s,pmol/L)
it/ Xif R 21 P =37 of A% o H B PR A ¢ P

RINAMR 42.92+14.51 68.82+19.15 1.74 —6.61 <0.01
i A R 124.774+39. 95 190. 88+61. 28 1. 69 —5.55 0. 01
SRR 137. 18+40. 76 192.88+67. 25 1. 46 —4.35 <0.01
HaEmR 266. 50472, 98 364.82+166. 87 1.23 —3.30 <0.01
TR A B 0.1740. 04 0.2040.07 1.07 —2.45 <<0.05
S ok 1A 0.08+0.03 0.1540.09 1.38 —4.59 <0.01
U 73 1A Bk 36.05414. 78 23,9249, 42 1.51 4.23 <0. 01
A} 7 52 T 1) Bk 0.1240.07 0.08+0.04 1.23 2. 88 <0.01
T A T 1A B 1.61+1.10 1.03%0. 34 1.28 3.08 <0.01
o 5 T A 0.07+0.04 0.05+0.02 1.17 2. 88 <0.01
AN V4 RR T 0.7620. 33 0.58+0. 24 1.09 2.63 <0. 05
RAN AR R 1.3040. 49 0.914+0. 38 1.40 3.82 <0.01
ANt AR 0.34+0.13 0.2340.10 1.46 4.19 <0.01

3 it

Jie B 0 2 o AL A 2%, BB A TR B S T R 45 R
BEAE 12 W MR YT 7 R AN 2 P g AR R 22 s I
B A R BN E W 5 A2 — 71 MR
W g — 5 e 14 > 36 TLAE 9w i 5 T A 41 41
18IS 1 BRI A 26 I ik ik B 5 0 3 B S 1236 . 4%
HA Ry pREIF I e e s, R EE R
Tl T 3R K55 T AL I B A 1438 WA AT S5 BR A b
Mk T e A A D O 5 L 3 D B R S
P RIEFR AR . BT EAR R, AR EY 8
i L P2 W R IT LG T6 7 Ok 4 i e B RE A PR,
AW W LR P A ) — SRR S W T sk
BRI KL R MR E 1Y 7 S TV fi 52— Y
bR SR L DL 4 T PEAR R . (H AR 2 AR R
YIE IR 2 4 7T B AR w2 G R . H T B A
FRAR () A= W b A ) 18 50 A 2 BT A SE BRI 2K, R4
(ORI ST b TR 4 B B ASBIRSE oF ER 4 % %t
ZH A i 2R A W AT R I 3 B, B OPLS-DA A%
TG et T — 4 B G R o U 25 5
R, I LU Ay B il PR 3R L 2 e 7 E 5 0 1 A il

i P AL HL

AW 5838 FH T35 B A R 20 B AR 1 J5T 1Y) B B R i
Fr o0 e B 2H 2R TR 2 R ) A 00 ey o 3 — WL 45
5 LA FE 45 R A — B0 RN &R 9 97 7 =
R, 25 LK R & A 18 T L ALK LY
ORI LR W RO 22 ARSMITSE R I L LR
R ALT AR AR A B Y 5 L X AR T AR R BOR TN
R A SRR, RN R K P T i 5 R AE B S A
R SG A  H R f8 A L IR TN A R K T T e Y R
FIET R w1 AR R S R LA TR
st G ROK W1 00 vy L % P b & R TR [R) Oy S 4 2
W2 i T A B AL IR » 22 WU () b R A I B B4
{911 0) B8 KA W T T 52 24 SR R R R OK 8 e
TR ZART IR A L) S e R R 4 AR
BERAEARLRLR A B R S E R K P W e IR
71 JUL P F o AR A R R

B T L IR AU R A BB RSl A
0BT 10 45 SR W B I R A TR B R R R A
RROL S 0 22 S A o B L SR B AR WL 58 A AR LR
PR B 7 SRR T 0 B A g A 22 4R 0 A e B R 7



[ i BE 4SS LR 2024 4F 2 45 16 55 1] Chin Pediatr Integr Tradit West Med, Feb 2024, Vol 16, No. 1

o 45

SRR SE NG 7 98 A9 SORL IR B S 10 3 B 52 31 W 2% T
P, ARIUAE VL5 AL A8 L PR 252 T DA Bk ol 5 A
A e i T PAY B /Bl P PR /B A I A B -
N s T R L) 7K (6 T X HELAL, ] L AR K-
I 125 AR (A A 1B DA BRI BN A . I A T e
B 2R L AR L B BB R R SR AT 5 5 4 2R
AR A BE N W7 W KT 7 AR AE R R rP A2 0D B
T 22 ) i 2R 98 Y ek 2 WA R R
AR AN B 5 BRI 22 S A it T RE 5
TENLIARRE R LT R M. O A 78 2 1Y S8 90 ik s R W
e REAE ] B 22 T IR ZORL IR ) BE , D K r S BORY E
A L AT EE LT I A A S I A
BRI - o %S SR S v e 4 e I R P
J2 HT AR R ISE P A W LS 0 A ORI IR 12 8 4R
TR TE 4, RZRL AR D RE R AG* . A 2 WS 3R
WAL 1A Ly i A5 ] 3 BOH 2R A ) A2 B
ABIEFE M AL H 2K 38 Ry, 5 BEAE B 52 45
AT H AR AU AR 2 1R R
AT R A A R A AT P 1 AR
WL — X R AE LA DR AP A
4 Hit

A 538 A ek i g i AR L AR
KR T — AR 8 - PR WA AT L AU 3R AL K
SORLR D il B A5 I 2% TR R e R AE A K AL
L ) s 5P T BE A B T A IR R E U 2
Ul A PR R SR S BURE 2 IR UL
R AR e REAE 2 T TR EORHE 0 T
X e B S R R S SV, RIS 2R W B R ) Y
T AL B2 BRTFEA B/ il AN AT 83l L O 1O
- M 5 B SRR AT T B B — 2D 1 22 1 5 i
Wk 22 oG 5K T

2% Uk

[ 1] Weiss SL. Peters MJ, Alhazzani W, et al. Surviving sepsis
campaign international guidelines for the management of sep-
tic shock and sepsis-associated organ dysfunction in children
[J]. Intensive Care Med. 2020,46(Suppl 1) :10-67.

[ 2] Bustamante A, Garcia-Berrocoso T, Penalba A, et al. Sepsis
biomarkers reprofiling to predict stroke-associated infections
[J]. J Neuroimmunol, 2017,312:19-23.

[3] AhnS. Lee SH, Chung KS, et al. Development and valida-
tion of a novel sepsis biomarker based on amino acid profiling
[J]. Clin Nutr, 2021,40(6) : 3668-3676.

[47] Losser MR, Damoisel C, Payen D. Bench-to-bedside review:
Glucose and stress conditions in the intensive care unit[]].
Crit Care, 2010,14(4).:231.

[5] Pham-Tuan H, Kaskavelis L., Daykin CA, et al. Method de-

velopment in high-performance liquid chromatography for

7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

high-throughput profiling and metabonomic studies of biofluid
samples[ J ]. J Chromatogr B Analyt Technol Biomed Life
Sci, 2003,789(2) :283-301.

Shockcor JP, Holmes E. Metabonomic applications in toxici-
ty screening and disease diagnosis[J]. Curr Top Med Chem,
2002,2(1):35-51.

hAREZ SRR 2 AR P REE S QBB
JUR 220, v ) S 0 2 L 3 0 AE B 43 2%, L 3 e B K
T O YR T 1298 £ F AR (2015 O []]. AR LR,
2015,53(8) :576-580.

Angus DC, van der Poll T. Severe sepsis and septic shock
[J]. N Engl J] Med, 2013,369(9) :840-851.

Reinhart K, Daniels R, Kissoon N, et al. Recognizing sepsis
a WHO resolution[J]. N Engl

as a global health priority
J Med, 2017,377(5) :414-417.

Marshall JC, Reinhart K; International Sepsis Forum. Biomark-
ers of sepsis[ J]. Crit Care Med, 2009,37(7) :2290-2298.
ZEN . MRTEAE B E AR IC ) 0l R L IAE ROk LT .
ik 2B IR 44,2013, 22(9) 1 954-956.

Liu Z, Triba MN, Amathieu R, et al. Nuclear magnetic reso-
nance-based serum metabolomic analysis reveals different dis-
ease evolution profiles between septic shock survivors and
non-survivors[ J]. Crit Care, 2019,23(1):169.

Su L., Li H, Xie A,et al. Dynamic changes in amino acid con-
centration profiles in patients with sepsis[J]. PLoS One,
2015,10(4) :e0121933.

Huang SS, Lin JY, Chen WS, et al. Phenylalanine- and leucine-
defined metabolic types identify high mortality risk in patients
with severe infection[ J]. Int J Infect Dis,2019,85:143-149.
Chen T, Ni Y, Ma X, et al. Branched-chain and aromatic a-
mino acid profiles and diabetes risk in Chinese populations
[JJ. Sci Rep. 2016,6:20594.

Tillin T, Hughes AD, Wang Q,et al. Diabetes risk and ami-
no acid profiles: cross-sectional and prospective analyses of
ethnicity, amino acids and diabetes in a South Asian and Eu-
ropean cohort from the SABRE (Southall And Brent REvisi-
ted) Study[J]. Diabetologia, 2015,58(5) :968-979.

Ryan TE, Yamaguchi DJ, Schmidt CA, et al. Extensive
skeletal muscle cell mitochondriopathy distinguishes critical
limb ischemia patients from claudicants [J]. JCI Insight,
2018,3(21):€123235.

Lin ZY. Xu PB, Yan SK, et al. A metabonomic approach to
early prognostic evaluation of experimental sepsis by (1) H
NMR and pattern recognition[ J]. NMR Biomed, 2009, 22
(6):601-608.

Kohoutova M, Dejmek J, Tuma Z. et al. Variability of mito-
chondrial respiration in relation to sepsis-induced multiple organ
dysfunction[ J]. Physiol Res, 2018,67(Suppl 4) :S577-592.
Violante S, Ijlst L., Te Brinke H, et al. Carnitine palmitoyl-
transferase 2 and carnitine/acylcarnitine translocase are in-
volved in the mitochondrial synthesis and export of acylcar-
nitines[J]. FASEB J, 2013,27(5):2039-2044.

Ost M, Keipert S, van Schothorst EM, et al. Muscle mito-
hormesis promotes cellular survival via serine/glycine path-
way flux[]J]. FASEB J. 2015,29(4) :1314-1328.

Nikkanen J, Forsstrom S, Euro L, et al. Mitochondrial DNA
Replication Defects Disturb Cellular dNTP Pools and Remodel
One-Carbon Metabolism[ J]. Cell Metab, 2016,23(4) :635-648.





