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[(FZE] B8 H9~12 2 / R 30 AR s A AR e S L8 / MRk & A i vl ReAIL
FiE CHIESEN 72 4 9~12 & B EARGMATEISE (BMI) 4 WA IR (n=42) FEE / OB (n=30) . R4
THRA AR, X2 E W BML, R L . B AR AR I, [ B SR R e OB (3 S IR AT
AT B TV) TR I FH A9 A A 2 Ay 2 s B e & 9, IFRPEARIE T gt fna fifk., &R W/
JHELH 53 B B L . PRI A BSOR Ik T KO 3 e TR IR A (P<0.05) e % BE AR AR 1 I KO- A
FHIIRLL (P<0.05 ) o AR 2EHTEE 4L 150 FUELAT B35 22 BRIk &4, EEA S HMIRZS (40.7% ) |
HIMBEIEZE (24.7% ) . NEWTIE3EZE (10.7% ) FIEEIEZE (7.3% ) o REHOTIMIEZKFEAEHETE /PR 5 B35 B,
AR S H I RR AR AR IS I TR, Gk 2: SRR bk 3 & 46 8 2 4> KEGG AR, 435 A Bkl A LA
KSR B Gl (P<0.05) , JFRTREHE—2L 520 T R4 Q S HAbRE S £ 9 A Rt (P=0.06)
it o~12 W / NEREB EAONE FREHE AL, G HaIRSE SR, HIms s EAs T, FErTRE
AEAERETR A L Rk 2 22 50 Q M5 sl [ MELKRILRIZE, 2020, 22 (8) : 874-881]

[k ] ME; O, fRmdss; L=

Blood lipid metabolic profile of overweight/obese boys aged 9-12 years

LIANG Chun-Yu, CAO Yu-Ping, YAN Yi. Beijing Sport University, Beijing 100084, China (Yan Y, Email: yanyi22@sina.com)

Abstract: Objective To study the features of blood lipid metabolic profile in overweight/obese boys aged 9-12 years
and the possible mechanism of overweight/obesity in children. Methods According to body mass index (BMI), 72 boys,
aged 9-12 years, were divided into a control group with 42 boys and an overweight/obesity group with 30 boys. Fasting
venous blood samples were collected early in the morning. BMI, waist-hip ratio, body composition, and blood lipids were
measured. Ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry technique was used to
analyze the serum lipid compounds. A statistical analysis and visualization of the data were performed. Results Compared
with the control group, the overweight/obesity group had significantly higher waist-hip ratio, body fat percentage, and
triglyceride level (P<0.05) and a significantly lower level of high-density lipoprotein cholesterol (P<0.05). The metabolomic
analysis identified 150 differentially expressed lipid compounds between the two groups, mainly glycerolipids (40.7%),
glycerophospholipids (24.7%), fatty acyls (10.7%), and sphingolipids (7.3%). The levels of most of glycerolipids were
significantly upregulated in the overweight/obesity group, while those of most of glycerophospholipids and sphingolipids
were downregulated in this group. Key lipids with differential expression were enriched into two KEGG metabolic pathways,
i.e., ether lipid metabolism pathway and terpenoid backbone biosynthesis pathway (P<0.05), and might further affected the
biosynthesis and metabolism of downstream coenzyme Q and other terpenoids (P=0.06). Conclusions  Disordered lipid
metabolic profile is observed in overweight/obese boys aged 9-12 years, with increases in most glycerolipids and reductions
in glycerophospholipids and sphingolipids. Overweight/obese boys may have disorders in ether lipid metabolism and
biosynthesis of terpenoid and even coenzyme Q. [Chin J Contemp Pediatr, 2020, 22(8): 874-881]
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SRR N R /R L T D AR BCA T
W, M 2000 4EF] 2016 4F, #BHEILE (5~19 %)
LB 1710 ETFZ 1/5", REDh R BFIE 0,
7o i A P 1) L B A AR I AR 2 5 ( b
FRIPG ) I I 78552 9 LA B R O 149 I e I 2 178 JRL
B IR LAY S A%, H AR FIBLE v AN .

[ N AP T ANARRE BT (1 B 5% 220G 1 45 258
95 B2 W 0 A LA BOIR T T R L, e A R
PR A AE O, JH e R XA SR A i IfLAE
PN 35001751720 ke AR (90 i NN S L S
XD B A SO R 2 R —Fh B A
TRPERE P IS SR 5 sl B R R D AR ), g
Ji 2 A A G B T — O I, 2 AR
=2z —, FES5MRW. AL G5
SAHSEM, Har TR E /AR L AR T
TERIF 9% 22 5% B e LR e 2 e, %k el A AR i
TS B o AR FEAG IR . / T e 55 26 1M
BEZKE B IR, 70 40 1 B A Qg 20 2 i 53 1Y) 5
M, R PERROE, b T 9~12 X HE / TS
MR CEHSARIE, DU A iR L5 & / A ke
RAATRENLE], LUK vEE EE / AT L2 A PR
i XIS PR 2 B LA -

1 ARSI

1.1 HARMNSERSAE

) AR BRI R 257 B R AT B A SR IER)
9~12 ZPHEHE 72 4. WAHELTE: (1) %
AN FZKARIHE AERZES; (2) X

OO LB« JTF B R0 . IV R e 9 4 K
P, HITPAENTCHMERMNA L (3) Joisth;
(4) FEEHFAR,

RAE 2 L DA E . TR A
VR 8 U 53 2ebmafe ) BRI ST 6 G 4 S 1E R X
MEZH (42 N) FOHHE /BEREZH (30 N) o AHESE
(WETRUE | NN = NS epo)y S s W vd (g S AR
L CHEALS: 2019088H) o
1.2 FasiEfRi

FATE SRR B AR E AR EAEE( body
mass index, BMI) | JEE[H . B&MH ., R LU FIRRE &
S8, BMI= K (kg) / B (m) o A5 EH 04K
>R FH A 9 v BHAT B 1A 1805342 (Inbody720, 4 )

AR
1.3 BERAZFHKN

K FH 8 1 0RO AT AT ) ) BT
KA (UPLC-QTOF-MS ) AR5 ZH 2= Al 75 32 ik
P REA I BE AL & . REZIAE T RS
REFRIKIAL 5 mL, 28BS0 5 ARA ML V5 AR, Bl F
RGBT 2R, N I 2 = I 5 A0 5 A 5 2
W, AR o S . B A s b 2 (g
FEACH R IE BRI . gt L X . BRI R )
FEMAGE 0T o

UPLC-QTOF-MS il i 75 ¥ H & W .
100 pL MR G 3] 1.4 mL 2% IPA H (=20°C T
%), BRIEXTRE I T IR G 1 min, HIRFE
10 min J5, 7E -20°CF A7, VIR IR H T
. SRIGTE 4°CTF &0 10 min (12000 r/min ) , Y&
£ FIEW (1000 ul) , FE7E —20°C N & IR,
GRS AT, SRR GRS BT R Acquity
UPLC I %%t (Waters Ltd, S[EB/RETERE ) |
TESSCIEE T, UL MAZER LS (L)
A CI18CSH {43 4F (100 mm x 2.1 mm, 1.8 pum;
Waters Ltd, 3E[E ) , ¥ & 400 pL/min, i s AH
A Z 5 (ACN) /H,0 (60:40, V:V) 5 10mM
FHIREL A 0.1% HERIR AWK, Jishtl B 5 e
(IPA) /ACN (90:10, V:V) 5 10 mM H! /ig 4% F1l
0.1% WIRIE G . #HEEA 1 L, i H Q-TOF
(Waters Ltd, J&[E SR ) FE1T 2 BKAR B4
F1 Xevo G2-S-Q-TOF #E47 HL i 25 H1, 25 (ESI) P 7]
Wt 5F (Waters Lid, 5% [H S BIHTEE) o X Xevo
G2-S-Q-TOF Fiivk it T ahASJu g am, LIRS
R0 28 40 A AT A B, ORI B TR 7
IEE TR (ESI+) it g4 (ESI-) &, Ji
WSHCh. BAMERIE 25KV, HFLRE 40V,
PRI 120°C, WA IEE 500°C, s AR
900 L/h, HEFLIE SRR & 50 L/h, Bifaf b (m/z)
AL E Y 100~2000, PIAPHL RN (ESI+:
m/z 556.2771, ESI-: m/z 554.2615) , Sa R iinE
JIK DA 10 pl/min #ELEFEA,, FWEBUE FUEAZIE
1.4 I RS PH TG

i FH A 35 4 4k 53 BT {2 (Roche MODULAR P-
800, it ) M =MWt H v (triglyceride, TG) | &
JH[EEE (total cholesterol, TC ) . =25 35 I 85 1 IH &
[ ( high-density lipoprotein cholesterol, HDL-C ) FI I
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R AREE HAHE RS (low-density lipoprotein cholesterol,
LDL-C) o 150 & 3R X W Y Roche (&) 1o
& HDL-C H1 LDL-C R A1 BR %, TC R HIAH [
PSR ALIETE , TG R FHBERR HHm A AR A
1.5 Sit=ah

TH ORME 5L « dnifEs (Rxs) 3R,
A [A] LR T PIAEAS ¢ K e, P<0.05 H2ZERA S0
T2 Lo MassLynx B4 (RRAS 4.1) AR R4
B R AR AT AE2E F Progenesis” QT Waters
Lid, S SAHEE) A LipidMaps 0882 Chitp://
www.lipidmaps.org/ ) %55 . JEFUE 15 B H &+
JEE LR FrA R E 2 (E R R 2E R ] median-
log2 HEATHRUEALAL ], Fr HEAL IS (0 CHE 43 ) e ST
EST+ M1 ESI- Al 70 #r (PCA ) FEARIFIIESS
T dse /N7 22 05043 B (OPLS-DA ) B, )52k 4k

PR H R 35S F SPSS 22.0 A TEHE ST A B AN AT
AL, it KEGG Bs et AT A i = 4k
2 #R
RBE / BEREE ERSIEIRIFE
AR /NP Y B . MR RN 8
BEETXEA (P<0.01) , W1,

AAEE / NEFELL) BMI, RS LU AN RE B 40035
WBEETXMEA (P<0.01) , W2,
2.2 BE/BMHEEMEIEFRFIE

1A DY SRS I 25 5 s, R/ R Bk S )
AL, TG /K% EF+ (P<0.01) , HDL-C
K- % (P<0.01) , 1 TC A1 LDL-C 7E P4
B R TEg R X (P>0.05) , L3 3.

2.1

*1 MABEEREE  (xxs)
2151 {EilEA S i (%) £ (cm) R (ke) [ (cm) B (cm)
Xf R ZH 42 10.3+0.8 142 £ 8 33+5 58+4 73+4
HE /O 30 10.3+0.6 146 £ 6 48 +5 76 £6 86 +4
t{H -0.366 -2.711 -11.59 -13.202 -11.687
P 0.715 0.008 <0.001 <0.001 <0.001
®2 WMABESUERSER (xxs) 2.3 HBE/EMEEMFERAFRHIE
. g ML g, R i 1 £ T UPLC-QTOF-MS J5 i 4 72 f4i] 9~12
i (kg/m’) (%) % TE SO / e 5 B I 3 HEAT T, A5
X AR 42 164x12 0800  18x5 ESI+ 1 ESI- T IfiL1E FEAS F B 48 S0 15 AT 1A .
SR Bl Moot el S MRBUMMSICAL, £ 3000 MR T
t —-16. —/. =15.
. 4~/ 3 e ™, \/D\ n[ .
P1H <0.001 <0.001 <0.001 L# iﬂﬁ*iﬁl ﬁ£ A R
T BV (R PCA /n%%ﬂ?, Joi & ESI+ (& 1A) b2
ESI- (& 1B) #F, %F MR Fs 7 HE Rk 4H i
- SRR BUHE X 4 B . ESI+ 23X F OPLS-DA &
%3 WARENAMEEIRMER (o) PR RS by D10 ESke BUT O B
(KB 1C) & % K. R'Y=0.993, R’X=0.526,
ZH %5 z TC TG LDL-C HDL-C P e
= e 0°=0.989; ESI- £ F OPLS-DA il (& 1D) &
SR 42 4707 0702 2606 19:04 o R s g R
W UREA 30 44+07 1.0+05 27+0.6 14+02 b R Yj0‘992’ RX=0.824, Q'=0.991, RY
(i 1.571 3162 -0524 6173 R’X RN Y S AT X R B R e
P 0.121 0003  0.602  <0.001 Q° AR FEE 1. RPY . RPX A1 Q> K F 0.5,

e [TC] BN EL; [TG] =8 Hh; [LDL-C K& AR &E A
JEFEE; [HDL-C] f&% BENE A I

FORBRA AL RY FQ7 T 1 I B A £
SERCR G o ABIETE ST B2 R AT B B ]
£
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A ESI+ PCA ESI- PCA B
i . »
20
1 v. rrrrrr
o o |
g T & | 7 %,
£ .- 0o 2 Youllie @) xtiEd
E o . 8. ] ; @ T/ e
3 [ B ° A s
-10 .‘..' I i 2 @ °
. \
0 =20 -10 0 10 30
Dim1(44.3%) Dim1(47.9%)
C ESI+ Scores(OPLS-DA) R?Y=0.993, R?X=0.526, Q?=0.989 ESI- Scores(OPLS-DA) R?Y=0.992, R?X=0.824, Q*=0.991 D

Te 3 .

i)

4‘() 0 a0 5
11(44%) 11(28%)
B 1 EfRSFEKXT (ESI+ FESI-) WRASBE/BHAETRI 24 (PCA) (E A, B) FAERR

BINFEHIRISH (OPLS-DA) (EC. D) #EEES
BT FY (Dim2) 1584, PCA MBI Ml e A RS bR A M s 40 B e 28 45— A — DR R i 4R, biiid e
O3 EFRIZ T N REARIUE 22 S A SRR IE . 18] C R D RSB BRI 2R S — 0 = 4 (1) Ri—TEAS T 0% (ol )
TEIEASAE SREL PR I8 M, ARTE T 20 LU FRi% 32 B R REAS Bl 25 S 00 TR RE , A bR R R AR N B F W Bl 11

AR5, GRS AR B bR BE AL N 22 5%

H1 OPLS-DA 73 #t T 44 1% 728 i #2505
( variable importance in projection, VIP ) (HFRRK NG
Bl &y 22 5 STk, LR A IR BB TS
B VIP(H, Tkt VIP>1 AR RIS Y. 46
PAREAS ¢ R SR Hh 0t BRAH S5 e i/ e rp 22 5%
HEil2#mE L (P<0.05) H2ZS55 (fold change,
FC) 7E 2.83 5 LA I+ (10g2FC >1.5 5 log2FC<~1.5 )
IR Bk & WA 22 R A G ). BT i
150 PR 22 AL G . 150 Fh 22 S Bk &5 9
A HIMAEE (glycerolipids ) 61 4~ (40.7% ) , H
MBEAEZS (glycerophospholipids ) 37 4~ (24.7% ) ,
R3S (fatty acyls ) 16 1~ (10.7% ) LIEERS
('sphingolipids ) 11 4~ (7.3% ) , [EEEAEZE (sterol
lipids ) 3 4~ (2.0%) , Z# #& B M B 2% (prenol
lipids ) 34~ (2.0% ) , B (polyketides ) 2 4>
(1.3% ) , HifE2E (saccharolipids ) 24~ (1.3% ) ,
DL KoK fE o 1l %8 5 1 HoAb s Bk & W 15 A4
(10.0% ) . feME / LR, 4o RZHmH
BRI NG H b B A5 2 AN iR 28 KR ok
PN TR, EIRA /NP B I, A

A M B B AR 5 R — ks (Diml ) #4531

JH B, ( phosphatidyl cholines, PC ) PC(0-18:0/0:0),
W g % ( phosphatidic acid, PA) PA(P-18:0/19:0)
FISHENG (sphingomyelin, SM ) SM(d16:1/18:0) %5;
J I B Sy o 1 RRN R R A R X EOR, o
KER I ANHANAR TR FN S5 W LA e 3Z-Hepten-2,5-
dione, BRN 2646116 . J5t & 7 JiE P 6% 55 49y o 5
TR HAR AR A R R IRA E,
PIAARRER TR, @il KEGG 5 Ff Uil
BE AR, 5 4 KEGG ARhaE s i (18 2) .
oo 25 48 £ ) & L (terpenoid backbone
bhiosynthesis, hsa00900 ) F1 ik Fig X 14 ( ether lipid
metabolism, hsa00565 ) ) &E HEix B & (P<0.05) ,
FEORZ IR A HAB B B2 09 4R )5 B (ubiquinone
and other terpenoid-quinone biosynthesis, hsa00130 )
w412 (P=0.06) , mevalonic acid ( fEHEHE / AEFELAH
-9 ) F all-trans-hexaprenyl diphosphate ( 7E# & /
HEREZH 4 ) 25 T has00900, PC(O-18:0/0:0) ( 1E
R/ EREA B3 ) 25 T hsa00565, 53 5b all-
trans-hexaprenyl diphosphate 5 hsa00130 {15 i [
IR
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XT 150 2z SRR B A TAHOC AT, A5 SR
LT 12 W:@%H“?Eﬁ (diacylglycerol, DG ) H VAR AR
A 10 F 5 TG BAHCREELR T 0.9; Him#lak
MEEIER 12816 5 BMI B UJAHSC, Horb 4 FioH HORRAE IR ® i

125

B B, HD PC(22:6(42,72,10Z,13Z,16Z,192)/0:0). g
LysoPC(20:4(8Z.,112,147.,17Z)). PC(18:1(9E)/0:0), Lt ® padist
1-(8-[5]-ladderane-octanyl)-2-(8-[3]-ladderane- Ig:
octanyl)-sn-glycerophosphoethanolamine 1 1 F #5 5 il h
[SM(d18:1/24:0)] 5 BMI 1 4 3¢ 2 % r 43 31 3k 5|
T -0.9 F10.9, I H HilBs s A a2 5 oAb s UL Ik O
KR b, LR L r 1 = 0.9 BIIRRR: BEIREEL YERETRET
M5 PI(20:2(11Z,14Z)/14:0) 5 DG(15:0/18:1(9Z)/0:0) Lipids Ration
FITG(15:0/15:0/21:0) #5215 B 1E 4 & (7=0.9), ) BAESELSEEEREESE  KLGC M
SM(d18:1/24:0) I Manbetal-4Glcbeta-Cer(d18: 1/ grsiicsilel, Hbbrden s ERIERTH KEGC M, HiktiE
16:0) 5 2 BERAEHERIIR 52 75 B IE A 26 (1=0.9),  /RIEBIRECL b I TAEB BT BRTECREA T2 HE . 32K/
B e R L
W LI BB R LLOCEIME T SRR, nrt it e o > e
P EERCNE R EE R, HERE 71 = 0.9 2of, BIERISTEL 3 SOl M R

MBS R ILIA 3,

— TG(14:1(92)/22:0/22:0)

_— " :0) e ’ 10/15:0/21:
e e scasmpommony P, 60190
¥SOPC(22:5(72,102,132,162,192)) o (0-210/0.8: :0418:0/22:1(132) N i Y
//_// PC(0-8:0/0-8:0) TGUT207,122)/18:019:0) TG T:1(9Z)/17:1(92)/18:2(9Z.122))
-~ '/ LysoPC(20:4(8Z,11Z,142,172)) PC(18:2(9Z,12Z)/0:0) DG(18:0/20:2(11Z,14Z)/0:0) TE(18:2(97,122)/22:0/22:6(4Z,7Z,10Z.13Z.16Z,19Z))
/ — x

Y/ //’/ PE(18:0/0:0) < PCIP-18:0/0:0) DG(18:2(9Z,122)/20:3(8Z,11Z,14Z)/0:0) TG(17:2(9Z,122)/19:1(92)/20:4(5Z,8Z,11Z,14Z))
i/" 5- / --.a 27-carboxy N DG(18:2(9Z.,122)/20:4(5Z8Z,11Z,142)/0:0) TG(14:1(92)/18:1(92)/20:3(8Z,11Z,14Z))

- acid \
Bm \ b\ A(TZ,10Z,13Z,162)/22:00 DG(15:0/18:1(9Z)/0:0) TG(18:3(9Z,122,152)/20:0/22:5(1Z,10Z,13Z,16Z,19Z))
\{;@,ﬂ,..,. \ DL RC©O-18:1(108)2:0) DB LOZY22:4T2,102,132,162)/0:0) TG(17:292,122)/17:2092,122)/18:2(9Z,122))

m"\ \\ PC(0-15:0/2:0) TG(18:4(6Z,9Z,12Z,152)/20:5(5Z,8Z,11Z,14Z,172)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))
DG(18:3(9Z,122,152)/22:3(10Z,13Z.162)/0:0)
M""’“"“‘P“"””‘*““& — ) TG(I8:2(97,122)/20:0122:4(7Z.10Z,137.16Z))
PC(18:1(9E)/0:0) PC(21:0/22:0)

isin PI(20:2(11Z,142)/14:0)
\ PC(0-14:0/2:0)
Manbeta|4Glehkia-Cer(@1s: /i6:t) \ PG(22:0122:0) >
\ PAO:1(112)/0:0) TG(13:0/19:0/21:0)
wch(“Y 8:0/16:020H)) 3 PAQ0:00:0) DAT(,6A0/2';ﬁ,‘((z),;:§;‘5’;';ga‘s| AMeISLOMels]) . TGUBA(ZIZ,122152)22:0122:3(10Z,132.162))
A ks Vg 1 3 g ’ A TG(18:2(9Z,127)/20:0/20:0)
SM(d16:1/18:0) ® . Cer(d14:2(4E.6E)/16:0)
S e @  Acetyl-L-carnitine 'Y
SM(I3:1724:0) (@16:124:0)” 4 o mino-pentanoic — @ 4 vieni 87,117 ienoi inixanthin 1',2'-Dihydro-1'.2'-di
acid 2,5-Diaminopentanoic acid acid

PA(0:5(5Z,82,11Z,14Z,17Z)17:1(9Z))

PAQ6(Z,TZI0Z,132,162,192)/20:5(5Z.8Z,11Z,14Z,172)) PA(18:1(9Z)/0:0) TGO4:0/17:292,122)/17:292.122))
:4(SZ.82,112,142)/0: X . y
PE(15:0/18:4(67.97,12Z,157)) PC@0:4(SZ,8Z,11Z,142)/0:0) TG(15:1(9Z)/15:1(92)/16:1(9Z))
all-trans-hexaprenyl
diptosphdte RG(I8:4(6Z,9Z,122,152)/20:2(11Z,14Z)) PC(0-18:0/0:0) TG(I5:0/15:1(92)/20:3(8Z.11Z,14Z)
MO aR0:0ha PSQ2:0/14:107)) DG(13:0/17:1(9Z)/0:0)
M(IPYC(120:0/26:0) PIMA12:(18:0)
(IFgEa:0/26:0) TGI3:0/14:0/17:29.122)) TGI5:0/18:29,122)/20:3(8Z,11Z,14Z))
Fucalphal-2Galalphal-3Galalphal-4Galbetal-4Glch 172))
¢ BRN DG(12:0/16:0/0:0) TG(17:1(9Z)/22:0/22:6(4 7,72, 10Z,137,167,19Z)) g2 (6L)
2646116 netord HBEIES (GP)
9-(alpha-D-galactosyloxy)nonanoate it 7
© Bl (FA)
TG(12:0/14:0122:0) TG(14:0/19:0/20:1(112)) -
TGR2:3(102,137,162)22:3(10Z,137,162)/22:6(4Z,7Z,10Z,13Z,16Z,192)) RS (S
TG(18:4(6Z,9Z,12Z,152 2. 11Z,142)/22:6(4Z.TZ.10Z,13Z,16Z,19Z)) .
TG(13:0/15:0122:2(13Z,162)) TG(14:0/17:0/18:0)

TG(18:4(6Z.,97,127,15Z)/21:0/22:4(TZ,10Z,13Z,16Z))
TGQ0:4(5Z8Z,11Z,142)/20:5(5Z,8Z,11Z,14Z,172)/22:5(1Z,10Z,13Z,16Z,19Z))

PCQO:2(11Z,142)21:0)  TCQROS(Z8Z,11Z,14Z,172)20:5(5Z8Z,11Z,14Z,17Z)/22:5(12,102,137,16Z,19Z))
DG(18:1(97)/22:6(4Z.72,10Z,13Z,167.,197)/0:0)

B3 EZRERKEWHEXXRE P RRRIHERE A = 09 MAKRRER, SOLBINIEME, HA
BRI,

3 itk WE . AR, T PR BE 3 22 04 i 17
i [ R KRR TR 22 P 3 23 0 T T e (A5 8
JUEE AT kS BUAFE HE B A OG0T R AE I fa s TG, #FmSECT LML E TG i m ™, TG 5
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HDL-C (1) el AT AR iz W7 )L AR 2 G AR A B 5
RGP E R AR 1 AT LSS S8 1/ A0 ik
JLEE TG HBLE 3, 1 HDL-C /K- 2 2RI,
H BMI., {RIE & 535 LA 2 W B Fn LA be ) I 3 v
TXFRRAL, 7R 9~12 % 5 2 AR LR A fE 0 KU
W

X FIERRE S, AW 9~12 5 i /
L 575 2 19 i Y8 B A RS Hh O R T 150 A 22
SRR BALEY, JFEER 2 KRUHE R AR
I 35 4 18 037 i s T 5 215 2 S ok ELAT K Y
FC, Forb R e 2 S AN RURN i 105 2 A L) Ko
H, & 5 E 19N 3Z-Hepten-2,5-dione 1 BRN
2646116, BRN 2646116 &—FF g MifEhe, WA
TR S BERR N IR AT AR . IR IR IR R, X
Bl g 5 R ml Al i R 9 p-AKT F1 3 caspase-3 £
G T AR AN T, P S AE S . Pakiet
S5 VOV of 7 I e £ R AT 55 W ARG I B
PG A rp -t ULER B B RE P FR 3 ELA R A A 3
THENERITR . L TEFEZE € A AR (acetyl-L-carnitine,
ALCAR) 25T LA AE o i AR A A s

@ s RALR IR s, BAYIR . YA,
T e LRRLIR R K R i R AR T, AR A

JOE TR Bk 38 AT LA 8 3k BH 7 4% R F- «B 25 1 (nuclear
factor kappa-B, NF-xB ) 12 Jifd [i) 6 73+ -1 A935%
TG, A A PN RRE P ) i AR R, T N R
20 BRI I 20 B P 4 U, AR SR B R R / I
JiE 55 B I3 b £ RS A T PR Bk 2 R AR, PR T
REdE— LS M 40 M R T 5 AIE R AR

Hihiedt, TG 2 ARG R EIES. TG
2K RIS DG FAHRN FRRITR , LA 3l
PALRE R . AT R TG 5 DG S IEHIE,
PR / AERE T ER TG I KT . DG
AT AR ot R A A A 2- 4842 DU Tt 2 -sn-
Hi (2-arachidonoyl-sn-glycerol, 2-AG ) B J&# —
Bt H MBS L1 N PA BE ARERR UEEAG R )
Moradi % " (%) f 5% & BK, 2-AG 5 BMI I TG &
IEASE, 5 HDL-C K2 FAHE, [AARSE
H, VUL R DG 5 BMI, TG 2IEMIKE, S0
HDL-C /KPS AHDG, JFRFE D 2-AG, {H—L&
TEAR /N 2 BRIy PA BRI 1, antm
BERE2E T bR B PA(P-18:0/19:0) 25, PA &
AR — A BERE, R A BEAR AT, Y

BB AR, R A PR Y A
S5 AR I H R VR

AHIF ST 1 0 H I AR SR R 2 i B
N2, HIRErE NPT Z 0, Huhgkhg T Ep
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coenzyme A reductase, HMGR ) AL T A B [31],
mevalonic acid 7EABE / NEREAL B3 L, $ERILES
PLAEA I B AR A, SRR 1 AH GBS
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