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2. {REEFIZEE

RIS R EWBERES AN RS
B, BEEWHRENRYRE. KB, #a. Bt 2
K EhE R T AR AT LUE RR (AT, i \BE T
BN FERRELZEARTTIBLEE (30 ~ 60 DEN) 7, 40% ~ 80%HY
EEHBE _SAEEET, —aUEERTEEEK
&Hy, BRSEER 001 ~ 100 um (BEEEEHIRZ 04 ~ 20
pm) Bl EOBEBMMIMER, RENEE— M2 E
ERAFLEERY,

E SR RRER FHBRERINRERRE, B—TEYK
FRE, HEMRERX, EUIEETRELER. R, 4
B RN AR MBS FUAEE S I i TR/ BRI B & AR
ERMIHENTE, HENRASEREBHE. RPET4E
£ BIFBERERRENIFE KR RIEAHIE,

3. {RESTIRS A AV B2 MR
3.1 BRI AR

SERERTFHROE BN ERRES T ESRNK
mafEisl, SSFMERARABITIEN, (REFITHERQNN S
SERBEFXT m/z BEEER 289.3/97.10, EEFXS m/z BILL
29 289.2/109.0 T BT LUBBRXFRF I,
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3.2 MEEERNERME

FERRENNRNERE UL EREEARNEER
BFFRZIMS, — BRI E BT BT LUB SHA AR (R 5h
NEERER. BE. EHERTERERR-9 E6Y (BBR
ig-B) 02, FHE_SMENFEFERT, THRBERER
TREQ-9 NEUSKEREREQNK-9 REAS. MR
FEUSEL, Jy@ X MNEE, BIREEFRBITERIREUR MR
BNEREBERE -9,

BRRER, MESMERRGIREFREESZS,
BT AIRN A ZARIEAEE FIA. EDTA. FFHEM
ITREBREURIT ST EXMARERNER™, ROEH
BOANINFINY S RAIERIIE T BB R BN, REZIUR SIS
FIBCERRMSIERE, EEERIEFHIKERERBRE;
BRI SEANTEREH, X—IER—RTINIBERMN,
EOBESHESRE, IMWRKESEEBRIUM, XL
BRREREREMMES R R, EMETR, RHRIRE
BB TR, ERENH2MEAEAIEXIE, Breier F
BIREFIES, miEd 101 MAEYREEESTMmR, M
BRREBYINAIREES, #HENEERTEOEERI,
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[EERIM™), B H3-A5 hRAMEEMRAFERRMER
FMBEERE, TERNTERMBEERRETISREND
&, R EI RSN MIAINLE R, Yoko Fukugawa Z0H
RTMBEERRETISRN T ZRMIABLERITZM, LKINE

MmESMEERIERMERRMSTIAAI I RMIRE, LHE

APTT fl FMC BELET; —AMEMBEERZME DM

"It (XERE PT B) , TUTEE; BICKAMELRME

FF, RARERDERETIXRMIAIAIFZNE,
AMFEEMRENNERONRER (FHE + HERE) B9

{REEFIBR

HAZBBR
(mg/dL)

XmE AFRuL)*

PT (%) PT (Ratio) PT-INR APTT(s) DD(upg/mL) FMC (pg/mL)

Tl 2 104.8 +8.87  0.980+0.04T 0.975+0.05T 34.0+23% 271.4+469 021+0.117 48.30+34.138

5 1052+8.1% 0978 +0.04T 0971 £0.04% 325+23% 2693+£492 031024 124,19+ 55763

10 104.7+8.8%  0.981+£0.04T 0.975+£0.05T 31.2+28% 248.9+583% 0.41+048F 17622 +27.048

S1 2 1053+92%  0.979+0.048 0972 +0.058 35.8+25 2703+51.0 0.20+0.11 3.45+0.96

5 105.1 =848 0979 +0.048 0973 +0.048 355+2.6 272.6+50.0 020+0.12 424+1.41

10 105.0 =838 0979+ 0.048 0973 +0.048 357+25 271.5+456 0.19+0.10 3.60+1.27

S2 2 106.0+9.18  0.976 +0.048 0968 + 0058 357+28 273.5+46.1 020+0.107 3.87+1.61

5 105.8 +8.8%  0.975+£0.04% 0.969+0.048 354+26F 27312487 0.19£0.09 3.69=1.11

10 105.7+8.5%  0.976+0.045 0.969+0.048 354+25% 2721+465 021+0.11 3.72+134

XFHR 2 102.8+8.0 0988+0.04 0.984+£0.04 358+£2.6 273.5+484 024+0.12 3.27+1.48
(Eh7K) 5 102.8+7.7 0990+0.04 0.985+0.04 357+2.6 270.6+47.9 024+0.14 3.73+1.99
10 102.7+7.80 0989+0.04 0.985+0.04 358+25 2682+449 020+0.10 3.54+1.63

APTT, EWEDSERIMIERSRYE]; DD, D-ZRIK; FMC, FA4EERREESEY); PT, RIEERETE]; PT-INR, RIEERNEIEFREKLE; S1,

{ORIBRRL; S2, (NZ|ILEERUHL; T1, RIEEIRIBHHL,
TN E G M E R EATR

Tp<0.05

+p<0.01

§ p <0.001 (53F884AELL)

3.4 M E AR R

Sampson FFNET Lytening 2Z BFIEFERDIFN, &
P ERRRERREENT T SRES T RERIEHA
Bo RST ERIMESEEMIETIE] 2.49 2380, SST NBIRE R MY
i8] 19.47 980, WHENME. 5. LD RUEEEHAITEER
EER, BEMEN LD WERBAGIGKER, RST RMIEE
FiEATF LD MBI, 3 TFESEFEFRRELINE
THEE, NESMER RST BIMEEE, FAABTPEENER
R A RER BN B R H = R HIZMMIR G R, BFX
LR, ERAFEH—SHMAMRARENES FTEMHBENL
BEIRKR LEENER, F5IERDEFEHRME,

4. (BRELEZ R ZRITHINRERBRRINE

FEWERABEONF ELISA B, fFAARMAE. 8§
MRE. BONE. BOA X)) FX Tnl. HBsAg. Anti-
HIV. HBeAg FIMEMNEMBRPAMLER, 5IE8BkE. Goce B
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H3%REE BD MIERIBEMMBEEMIFEEE Access 2 M
DXI800 LHMEY Tl BRPEMEZRLIA 14/100004, S|EEBHER
AIEEYIREAAZ A, BEREAY. sS4,

FFRERM IR PRAMELFLEE BXS Beckman AccuTnl JTERY R0

cTnl, mg/L. SERRKNIETE]

HAHZRFHIEF 1 0.061 17: 45
FEREHEDIHE [(reflex) 0.016 17: 59
FHEAFDIF 2 0.050 17: 46
AR RSN IE 2(reflex) 0.023 18: 00
FHEERFHEE3 0.038 17: 47
FHEEREDEIF 4 0.035 17: 47
FHEERFTHEES 0.034 17: 48
BOEDEF 0.015 18: 00
BOEDRF 0.013 18: 14

fRREPALEEQ _RITHNREREER . RIAF7ED.
BESESERNNEERK (BOFARS) « Bomd/hasE
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FHPNXIRE, ENTSAPETEENSEXH, HNEREHT PXEIF. XEXBEAHMAT MRFANERE. E=XM

BRI, ETRMEREREN MABARAREIE. RREZRINFIXE MBS, (RE5TIR SRR A B AN LU S E A Nm B
BIRZ M,

SEVIRERF

Owens AP, Mackman N. Tissue factor and
thrombosis: The clot starts here. Thromb Haemost

20105104:432-439.
BE

Mg REH LEBRNEREERNOMERRFER
MR RDHRF = (L. MBHIETIRTEZENZSSE
ML BER. AT BIFH T BN ARSI E 0%
RHOERROFEEER, MR EREN TR
Lo ARRAF (TF) BABRNNLFETR, FIRETER
BXMERRX MASTZ RS X RIEM. THE TF 7EMAZZM
PRI PIBER AV RN ZY). BERRIGR
£ TF AR A2 ARE P B9,

Augello FA, Rainen L, Walenciak M, Oelmuller U,
wyrich R, Bastian H. “Method and device for

collecting and stabilizing a biological sample”, U.S.

Patent No.6,602,718, November 2000.

HE

—MATREMEFRNEYFR (BHIR2MmEFR)
HRERENGE, EEFRENEL—FREN. 2
TEFIREBTERERTREEM T RFRIZER, LIRS ILIZER
EsErEfE. RENSFEMABFLEY. TET 5
ERBFREN) « BRh. ZERRENSET. &S
F, USSR S Y.

©2020 IMPROVE MEDICAL All Rights Reserved

Dubrowny NE, Harrop AJ. “Collection device”,
U.S. Patent N0.6,686,204, February 2004.

BE

TERPBR—MARAN, HEEERSANAERE L
BURERS, BAKM, BFEATERMENRELRLS
MFERRERD. ZRERD BENREERMIELTF
SNRIERIDELF, BFEERREEMINREREURE
PR MBVRERLS, IS, BERAEEERTHHA
ARAMIEE e,

Ali K. “Methods for improving uniformity of silica
films on substrates”, U.S. Patent No.4,420,517,
May 1982.
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BE

RET —FBFERENM (FIN, E=XME) EN=
AWEFRRIYIENTE, BHIUNRSSR A
WENBMEREREEEMN, MMNET REENK. Z
B R EEERERARNEE T KEERZENSAE
FBSYLURE S TR BAEREaRisEE
B b, AERNREFNTEETHITTR. &, U
ROEMUHFERBEKEYRF, FINEEFEERETR
BRARB[PIIAME, MREFE, JUB_AKESR
REKRERE WRZHEELRERR) BS, AEHB
TERTFEM Lo

Vogler EA, Harper GR, Graper JC. “Vacuum
actuated blood collection assembly including tube
of clot-accelerating plastic”, U.S. Patent

No.5,344,611, September 1994.
BE

—METHMRREA N, SEEELEEFHFLEN
RNEXRENK AR FREESNAORNERSSE. N
BEXEAUREDS, BTEMERER. KLBEE
—ThENEZA R o

Kasai M, Yamazaki S. “Blood collection tube”, U.S.

Patent No.5,213,765, May 1993.
BE

RMESFERBUREFERNF DR ERRBEER
BHINZEE, XENTNRRTSEREREGAE
BRI,

Vogler E, Graper J. “Dual pathway clotting
enhancer for blood collection tube”, U.S. Patent

No.5,378,431, June 1993.
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BE

— Ml AREA N, BFE TR AR R RAR
BEHHMETHNASR. ARPRRMEETTEENR
HERMINRMEER MR,

Kessler SB. “Method for collection blood”, U.S.
Patent No.4,153,739, June 1977.

BE

RRAFEF R — MU MR REA G PRI
MR EIFIEN T E. ZAEBERKRIEEERER
EMELERERARE. XEBLZENRAZRE T RE
BOEREERT B, ARBAES R M MR R EA N, Eix
A, FERAESRESKEEEERSYM N
R BFPE,

Wang C, Shiraishi S, Leung A, et al. Validation of

a testosterone and dihydrotestosterone liquid
chromatography tandem mass spectrometry assay:
interference and comparison with established
methods. Steroids 2008;73:1345-1352 Epub 2008
May 21.

HE

2 (1) REARM_S2E (DHT) REERE4E
MIERERERR, T#1T So RREEETHSIRER
MERAMBVERRGIFIERE, FE#HT T M DHT N
2, UWHEBEEFIBENSEENEE, BINNER
ERFAHEIET —MEIRBEEBRBAEE (LC-
MS/MS) EIRE IRFKFERREME T 1 DHT K75
Fo MERAESHRERNINE RENMRPIIIED
BEN T AEENERENDMRPNENE, ST
ERATENNE T EREENIN TR TREaL
MR E R REMMFERIME T M DHT KFEDFELE



10.

EEAE (TARmF) FMEMKTE 20%F 15%. H
FAMEPIERFRERINER, TEBEERENMRK
AR T BREREE RS EEFI2MAXMME T K FEAS. &
1A ALY E BT MRSR S B OB S X A BR B E 1o
A LC-MS/MS SUERIME DHT K FBERTFRIERE
MER. HIME DHT REME, ERZREKBME
B, BERMBEERK. HARENEZmNEZLE
B TEMAEZENER, FIIELTEIRE
MERGHRSMN DHT S2F BB FHEELT G
RIS BRI T BUE R,

11.

~—

Banks RE, Stanley AJ, Cairns DA, Barrett JH,

#
Clarke P, Thompson D, et al. Influences of blood
sample processing on low-molecular weight
proteome identified by surface-enhanced laser

desorption/ionization mass spectrometry. Clin

Chem 2005;51:637-649.
BmE

FERARAFHNEINAE [HIMNREILRABOLER/EB
% (SELDI) FRi%] AR T&EBINCYMET. AR
1B R BAEMMESTRIR R FrSLE RAVBTERN,
¥ EDTA. iTEERE S AT R BRI MR R LR BRE
BENER&ET SELDI £ CM10 [EE &R H50
SRRANESEFMN/IHR (IMAC) FEHI] L#1TH
Mo ERAKIERAMRE, RINCE T kSR
BB ZEIEZHHETE (0 ~ 24 /)\BY) UKRFAAMES
B (Greiner Vacuette {EERE. N EREREHTHIN
FIE) B, A9 T Abay R AR A 5/
BRIFLENR /MR E /MRS, UHREER
SRR Mg A2 P R I/ MRS A B EIE R BR ik, 7R
&, BIVERREDRET BEBNEHEERE R,
REMMFERBEM AT UETENRRISEIEHERESE
DHREX 3. MBERBKERIZI M ML AR 5 53 B M 32 A
BEZIEET BB T ARG AIELE, RN F i

©2020 IMPROVE MEDICAL All Rights Reserved
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B, REHEE IMAC GF L. BT RMRENE
8, MEREENXBEHRFMEL, M/ MREEIME
BER, ME IMAC EHRISEEMNFERERE M/
Ro FEERMITEPELIMT Hth—Lolg, SIF—LpEry
LU, SHFEE (FlaERLE) SBEXm
#R,

Mannello F, Tanus-Santos JE, Meschiari CA, Tonti
GA. Differences in both matrix metalloproteinase
9 concentration and zymographic profile between
plasma and serum with clot activators are due to
the presence of amorphous silica or silicate salts in
blood collection devices. Anal Biochem

2008;374:56-63.
BE

BEn£REERE (MMP) 2RAERRMNIZKTIAR, MK
FAEAMBRIN T MR S MEZ BURE IR ERETI
MEZIEN MMP RE, AT RERRERENMEE
SN F IR EARINFERENMBPREN MMP-9 K
%X, BA19WTRE 50 (ZEERE, RENENE
BEXRENITERINE. MENEAREH AL
frxEesh (RHUEURIMMRSD) BmMKEm, RINES
W7 ZE AP ER B X I AR A B IR ARRR A 20, 7E
WIEMENEZE, WEMMRZE, BIEERE
FWmEZE, IE_SHEMERHLEZE,
MMP-2 BKFHREREAREL. BEBERS SR
B MARAN ME AR E A RE T RERR SR, RIKE MMP-
9 REMEM, BN FILEMITRREME, FIR&RR
EZRIE MR BT EBREENTRMFE RHRASE
“EHENAAMERENESSH MMPY S8
Mo FINEIAMME A IR Z S EEMER
HEZFEST MMP-9 BRI/, REAZ SN
EAELEBIAT T A MMP-9 ME & MMP-9 XA, K
TN RAIMERS A, FB IR TFHIER.
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12.

13.

Liu X, Hoene M, Wang X, et al. Serum or plasma,
what is the difference? Investigations to facilitate
the sample material selection decision making
process for metabolomics studies and beyond|[J].
Analytica Chimica Acta, 2018, 1037 : 293-300.

mE

ENTE R, HEENMREAERME, fAm,
RO ENMBER MR B FETERN, MRHMESS
BRFHIEAMEUNE SN BAMERXEARBHITT =
I UHPLC-FUE IR AR R, AR 1, R
T AR AL, 216 FREIFYHE 46%RM
HEZEERNKF (B3 Wilcoxon FFS#IRW, p <
0.05, FDR < 0.01) , RE 3 =Y (R, C2:0-
0 C3:0-95) RIMEBIREIKTE, EHR 2 B, W=7
FRMINEREENRER, BIAEXIIZRS M
TTHBFYNRTE, XEUATARRR B ERN LT
1B, _HEREMAREE (TEEMIENIDEREEHR
BERD) NEREAEE, EWR3H, HRTIVMR
ATHEMARR AL, BMELSIERMRAILE, T/ IMRIBSASBIE
TREMER, FEARENRAMEL/ RN (PFP) AILLER
B, 216 MREINERNEEER. RITNER BN
3R 7 ENEAZERRME T IR, MTASHEFER
TEFFAE AR AR 2 B E A IS S MR
HTENENES.

Nishiumi S, Suzuki M, Kobayashi T, et al.
Differences in metabolite profiles caused by pre-
analytical blood processing procedures[J]. J Biosci

Bioeng, 2018, 125(5): 613-618.
e

EER, ElRRARS, MAAMBHMEIHEF
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14.

15.

DITETEYMREY R IMFERISEN 7 EMRES .
ERREYEYARCYHITRR IS I A TIEER KIE
E EEURF iRl fMR A RS 2R REYNREY, 0
MESMRREFNBE ORI RMEF. A, MKRGED
EXAEYREENEMERT2ERE. ARTRES
HEE-FUEKARANREEIE-FUEKARALLR T
AMEMMT ARSI EE. 1o, RITETETE
OEIEEREE T 75 2 m R A5 K FHE
o EREAM, 76 MAPYEMBENMIEKT LEFER
BER. I, BORBERGEZE MM 45 M
REYIBIKF, XELERRR T ABEF DRk
ERFNEEN, ERNEYTIEYHEEEREYT
BB TR RIS HTEY R & PR E)IX — R,

Zhou Z, Chen Y, He J, et al. Systematic evaluation of
serum and plasma collection on the endogenous

metabolome[J]. Bioanalysis, 2017, 9(3): 239-250.
B"E

By ERSAFMAT, KBTS ETESR
IRPRIE IS4,

MEE A% REBSXREEIE. FUEBANS Tt
DIERR N EHUEET A ER B MR R AT E
Fo HIFET 135 HEMBARERBSY), HmxITER
TR TER TN

#R. MBEREENBRRADTRETFINER ML
illl, FFRMITTFEIIEEAMICIRELF, RtER
AAFMRANRENE, REERTMK,

Ilies M, Iuga C A, Loghin F, et al. Impact of blood
sample collection methods on blood protein
profiling studies[J]. Clinica Chimica Acta, 2017,
471: 128-134.



16.

BE

AEIRENBTFELMNEEE L LD REMmRFEERN
TRUEEEET N, ERNARERMENEEMNER
BFUER. REDEMFTEL LERIEN EDTA M3KF
EES-LEREEAHNMKITEXELTE, EXTHAR
F, RIMAZTHEME. EDTA. FFEMITERIMIK
ERRENMRFAENELRL, I, FHiTEEIA
KNEARANMKREARE. AENBEXR, LWRT
6 TMEFEEQRARFENER, MEM MR PRIBLEF
SKBMBEEANHARERRER. FREMRETTKE
ANER, BEAERM, 5 EDTA-FIITERERERMK
SEMAMN, Rt —MERNMAZEL DT
Eo Lo, TR T —HRONMBRERR, HBRT
BEARERARMNBOMAR. Ak, EARDAHAR
N2 A MR ETTEF D EIRIE,

Hebels DG, Georgiadis P, Keun HC, et al.
Performance in omics analyses of blood samples in
long-term storage: opportunities for the
exploitation of existing biobanks in environmental
health research[J]. Environ Health Perspect, 2013,
121(4): 480-487.

BE

SHEETLHEREN. BrifEFEEEYEPNEY LR
BHITAF ORISR TER. BINTET MRS
EVHRNRBNEERENESAY. RNERAF
(CpG BEAL) B, MEABEHEAS [UPLC-ToFMS
(BEMREEIE WITRERLE) | IREEH4A
Fo BINBETHEMBESR, BFTE RNA BHIEF
HBFER. EDTA SiiTiEERE+, HEEERTRE T FE
i 24 B, RERESBRARE. HEMMRE
-80 BEERRAPL KBS, HINFLTMNBEEH
2B RNA W%, FH#TTARSIN. &E, &KilH
T REEAF EPIC MIHEACEIMRES ERMTE
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17.

18.

IMPROVE REVIEW E8EE- 00 HRE

YIRS, REMNMRTEAR 8 NETRBIE
RNA BIEFIRARRIRIGH A, FIE5IRER RNA AL
K (BEEEAN) BRE (BEXSHEYENRE
) RHBHEK. FRIENNASES. EERAF
FHRAFRMEN. MR IBRIBER (X 2 /)
i) WHERANEMEAR, MEFRENZBRD. 1K
&5 8 /ML LA EME RNABAFNERRAFH
w2, ERZEFRENFME. FIaRENNTESEY
ENEFRAERESBEEETM. EEEFET 13 ~ 17 £
BAR, SENRIEFNENAGER W, BRfEF
EEYEDNARSHE AR ERB B AT HEXBIURE
FfEEFE, ATETERXBAZ D,

Pinto J, Domingues MR, Galhano E, et al. Human
plasma stability during handling and storage:
impact on NMR metabolomics[J]. Analyst, 2014,
139(5):1168-1177.

BE

B, AXMREMENEFHEIZPHERRNE, 2%
HiHER (N\MR) SEFREEMNEE, KAXIES
B FEMNX A ENAE. FFRS EDTA HJUREARLL, &l
ETREETI, BRERET2ABER. ENEEE
FHT, M 25 i, EENEEAMBREEYE
BRI, tboh, E-20CTEMAEERKN 7 X, BE
1 AR, BIUER-80CHEE, ki, EEEFERMmE
HANERT, BREBE 3 REEREFRM. &F,
FRETHEFRERFGNTREE LS, EHDTE
BYIERERIAT (0 = 49) 1, RIKE-B0CHEEF (K&
2.5 %) WML R LUBBE Rt

Suarez-Diez M, Adam J, Adamski J, et al. Plasma
and Serum Metabolite Association Networks :
Comparability within and between Studies Using
NMR and MS Profiling[J]. J Proteome Res, 2017,
16(7):2547-2559.
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19.

BE

MARRABAFARPRERNEYRIEZ—, EH
MRASBERFMRAGHERR. EXE, KA
RT—RF 29 FAEYIHIREXRLE, XEAREL
RHEFARTER NEATIRY 1000 42 {2 A M 2 89 i 20 i
EHEARHEHITTEEMEN. FRMART 377 A, K
E—MAS LIREULR MM EREZR, A FIA-MS/MS &
MAEE 122 FAHEY), AL RRE TS
(ARANCE. CLR. CORR F1 PCLRC) FKB—ZHW
%, FEMRAMENMEMMENSESE RRHEME
B, MEMSSHESEME L EMEE, ELEEEN,
MR AR E— MR A IR IS A I 3R AN B 28 53 BOAE
B KB 2R HABMRYIR NS, EREERN,
SHN—LER, MEERNEN,

Yin P, Lehmann R, Xu G. Effects of pre-analytical
processes on blood samples used in metabolomics
studies[J]. Anal Bioanal Chem, 2015, 407(17):
4879-4892.

BE

BX, DMEZERNEMDFUFRBERHE RS
HEENRHE. BRE. REENENS. BT
BEMHMNIFEEHWENDFAZED, BEAHEAFED
i, XEBRHATZRI; AM, JRNTESHN
ENRERAR (CV) WFRINABEFRHEEXE
2, A, IREGREE, AEREREREITER
HIMDEIEIR, BADFTIMOFAESHBERES .
DEIBXRAM IR TN E R, EMEERTRE
1R1F1EF (SOP) » X—NEREIRKARFEINE, &
FREEFREFEXMREDTERNERRY, BW
MRERCAKE, &RE, REFGHE, £FRHELES
BENREFTER NI IERENXRIAA, EXHRT R
EEIE-FUE AR R AEAF D TET DTN R
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20.

21.

AXEWNRNNEENOMEIRR, XERKRTES™

TR RIERASEN D, SEEARERNN
FR. Rifl. 2MNELL4E (5%) . WRMMWEN
WIBUU R AEERANRE. Ioh, ERIFRERYY
MARASIERE EAEERM, FREED M ERMA
BN RIS AR Y.

Paglia G,Del Greco FM, Sigurdsson BB, et al.
Influence of collection tubes during quantitative
targeted metabolomics studies in human blood

samples[J].Clin Chim Acta,2018,486:320-328.

BE
Hx MRMNMBRIGKARFERR ZHNER, B

B, ERMEERPAIES

LT,

MR B L X RE R R

Bt BIVERERNARNREEE S REEREHR
R 80 BRIXE (40 MIZERAIEAF 40 {UERAVFR
A) =Miras (M5E. EDTA M¥RMITERBREME) 1
189 A BMHITTEELERARBPAZD T (LC-
MS/MS AbsoluteIDQ p180 Kit Biocrates) o

HR . MEPRIREKTSTFITEREREMEA EDTA M
¥®, LHERERMEYR. AN, XMEAHYNFT
BHRRBEXEBIBAST 0.7, HANNERLUERAKRR
M EDTA RMEFEEABINER. &a, HibR
TEBRAMEFEANAHE, RIEMEPENZIIES
FIMEKMAREEZTURIRE =,

£t MBS AEYREMLMARER T ES8%
B, BTF EDTA EKMEFEFEAENIEE, EDTA
mERESISBRIEREER T

Lin Z, Zhang Z, Lu H, et al. Joint MS-based
platforms for comprehensive comparison of rat
plasma and serum metabolic profiling[J]. Biomed
Chromatogr, 2014, 28(9): 1235-1245.



22.

BE

REEFZLEERSAY. KEYRMFES IR
IR X AR R R R R RO RIE R B . MIRAR
RNEERATFIRKRMENFHR. EXMARF, K
RTERASHEEE-FRIE (GC-MS) MREEIE-mE
{TEFEEIE (LC-QTOF-MS) KB EAEARMIZH
miEZEAEE. Mt RLEGEA EDTA K, #
FHMEMMEEFENMETS. RERFESTE
P BB A IE IR E AR LS R RA, 7 LC-
QTOF-MS HEB RIFNEMMYE, £ GC-MS FEEEF
HNEINM. £ GC-MS O (a) 258%HIEX R
MBS MPEAMEEESR (¢ 101, p < 0.05) ;
(b) MBERBIEITHEEREREMNIEERE,
Ft AR ESHHEE, £ LC-QTOF-MS 21f
B, £EE B3 M (EBFER) 17 M (ABTFE
X)) BEHRE.

Breier M, Wahl S, Prehn C, et al. Targeted
metabolomics identifies reliable and stable
metabolites in human serum and plasma

samples[J]. PLoS ONE, 2014, 9(2): ¢89728.
wE

MBI T BERY B LAY 15 B BT LUE THC B
BENTEEM., EFTHART, EXEENEES M
bR AR —M TG BN E . EZHROMRP, 5
MHEIME (CR&E. ERMERLE) BRHIERSSHE
BRARERS. EREEA LC-MS J5EDT 22 (I
AMZEMBEMMRE SRR RE (AS5AZ
BNER, XRBEXRLH NREE (FREETEE
BI%, DBRRONE, FRERF) . mMEPRRHENE
MR EMEFTmRER, THERSHIEMMEENH
SEREARE. SRR, £V, BB, HETNCKE.
REBRE=MEARSPNERT, FEBLEFR
E 24 /B MEEFMBREYIHIRE MR L RIFH
—Hit, MELHYREABIAZHELBN—FHN
AR E R R, (Rig AT E SN E TR LUK A Z 3K
KT ERREEF D, BEERT, HREE
REBUMDBHLEFR, BAh—LaBBMEYIRTL
BRF 3 NRETRFARE, IESBRERRER
FUd, EAEIINASHARYIREEERM,
NFARSHEABEY, BEBOEREELARPE—FME
FrEBEE,
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23.

24.

IMPROVE REVIEW BEZFEE-IC0ORS

Yoko Fukugawa, Hiroaki Ohnishi, Takahiro Ishii
et al. Effect of Carryover of Clot Activators on
Coagulation Tests During Phlebotomy. Am J Clin
Pathol 2012;137:900-903.

BE

RIMNBAETHEERFENTERMIAROT . B
7o, KRB 30 FEBRRENMRFRSDES (R
FIRERES, HAEEIIXNSMREMNXAIRIE, X
BERMEBIRERIZIMEREAPE, REFEED
BHRESYNEESTHEELK. WE, RERERN
BF, DEMEEZRIMZEAMEERSE 100 AK
Mm&EFE (D5IRE 75 BRFRSEEN 25 BRALEX
MEEE) o #HITTEPRMIALE, IHEDRMEN
MRS RIS RSB, RIPRME ZENERE
Ay, BXFREFOMEMSANRAE. Bk, RIS
HEILRE, SEMRERMKRAR, mEERHER
FI3S R M IX IR IR N

Sampson M, Ruddel M, Albright S, Elin RJ.
Positive interference in lithium determinations
from clot activator in collection container. Clin

Chem 1997;43:675-679.

A 10 mL Z@AILIIEEER! Vacutainer Plus B (Becton
Dickinson) REEMRITA, BNEE LTI
BENEREENT (FRES: 36-7820) , AXHART
ZEEE FERBIRNENETRE (Lytening 2Z 5347
%; Dade) o HITHMETRBIRE (EEITID) MEH
HEEBLONENEREEEN (FH4FE) R
&, RIHETRERE_SHEEENRBATE_8
HEEEIAENEARREENET, FESHEFTN
MBEMRLL, BEFEFEEBRKBRREET -
WEREFIRREES S SBER TERKR, XERA
A AW R REEEFIMETH, L, Dade
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25.

XHERMEL (QCLytes) RIGMEIN B E ¥ mAYEE Fik
FERARAXMHKE T,

Steven C. Kazmierczak, Steven C. Kazmierczak,
Steven C. Kazmierczak, et al. False-positive
troponin I measured with the Abbott AXSYM
attributed to fibrin interference. International

Journal of Cardiology 101(2005)27-31.

B MEBEATUE0MAMBEER 1 (cTnl) o 5
BIMMIRREA, MBEHARPHNILEQTRESTINZ
cTnl BOME, FHIVEA AxSYM DT cTnl L5218
MBFRBRAHITEE SN, BET MBRRRTLESR
BTFHRMREERNEE,

Bk fE 4 NANBHEER, BATBEHEE AxSYM ST
3692 MEARD cTnle HA 307 B (8.3%) E7R cTnl 1§
M. MERAEBEN=E (15%) , BFHMERE
ENMZENER. EMBINES cTnl AT ZEAEHNES
DFEREZ,

LR 307 FIREN Tl REAS, He 24 fl
(71.8%) EERHZENERATF 45%. RIMDIX

MERIREN Tl RETEN 2.4 ~24.0 mg/L. E
ENNER 20 MENESE (83%) EEESEXE
W, M 16 MERMEEE (67%) JREMRT 03
mg/Lo

250 RITNAIREB, I AxSYM S4¥NE cTnl 3R

1B [N SEEE | Article Abstract Collection

26.

E7E 2.0 ~ 25.0 mg/L SEEANMBEREAR, MiZzEER
BT, mNBNABERREAT 25.0 mg/L BtRA
PEERDTH, XREAMFEANTREREE R
LU cTnl ZEMABEZEE. I, EEFEMEER
AXSYM BYEDERRZAR, ¥t 200 ZI8A cTnl SRER 2.0
myl XEEBNEEXRBTEEDNG, RITEEN
RIEEAMERK cTnl £R,

‘TE

Simone Canovi, Daniele Campioli, Luigi

\.\.1[/

Marcheselli. Specimen Recentrifugation and
Elevated Troponin I Levels. Lab Med Winter
2015;46:10-50.

B LERATAE KPAFEER 1 RI7KF,

FiE EES 24 RPNEE, HI&EWET 189
mMEEAPHINBESE | KESTHEEEHKE (60
ng/ll) , REEFMNETHHEEA L

£58: TR Wilcoxon B3 iMNiR4E RHE TIEHAZI O
FIEABER REZENATFEER (p <0.01) o 3
FHREIRFERN 94 MEER (T 189 MERM B
W, %8 50 NMEIMIELLT) , Passing-Bablok ElJ3534F
BTELENSES | MRERENPAIEA 10 ngL
(95%EEX|853-37.5 ng/L ~-10.0 ng/L) o

£ wAENBLOE, OIRIBSER | ASERAH
BASERD 1 RERE, FEREDLBRONGL, M
B, XMESBEARENENTURELR.
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Featured
Article

FENXEBER —RARAXE (ROEWMBRGEAFESEANCHAFHARBOTEM) , BEXAFESA (Influence of collection tubes
during quantitative targeted metabolomics studies in human blood samples) o A3 {E&EEF BiocratesAbsoluteIDQ™ p180 IXFIZFEBEMKIEE
FELE S Q-Trap BUBY 189 M SH#H1T T ERBERNMAF DT, ERIBRIMBENEVIGSYLRIVEH T ESHERY, SR E
WEBRERMER EDTA B, iTEBRIE R eEERAFNEIFEE,

RN ER MARARA P E L R EAF R R R D

BE
R MRANMERGKARPERR ZNER. B, EROEERFAIERINRIATEETRENTELLW,

FE BIVERBERMNARTREES S REEREMRN 80 BFIRXE (40 IBRNEAN 40 MEENERA) HN=FiRE
(M. EDTA MEMITHRERZEME) B 189 MR EMHITT EE2EBERHFAF O (LC-MS/MS AbsoluteIDQ pl180 Kit

Biocrates) o

S8 MEPIREFREKES TITRIRI MR EDTA MK, CHERSEBMEYIR. A, XA CEYINTE R /R
EXABREET 0.7, BITERILUERRRIAN EDTA RILEFEBEAENSR,. =G, EIRTFEBEAMEBFEANLSEAE,
AT MIERNEIREE FUIE KA & 22T HBIRE™.

it MBENRAAEYRSYLRMARIRHET ESmBRE. AT EDTA RMEFEFETAENARE, EDTA MEFESHGE
B EMEEM R,

B34 : Clinica Chimica Acta 486 (2018) 320-328
1E#&: Giuseppe Paglia, Fabiola M. Del Greco, Baldur B. Sigurdsson, et al.
XEF: EEAEESF; EDTA M3, MRTER, F,; ek

455 LC-MS, RIEBIEMRIEE;, CHRIS, MET/REIERLEMR,; FIA, ReFS9D4T; SOP, WERIEIZRF; UHPLC, &5
MR B ; HILIC, FKIERKRMEEE;, PCA, EMSHH; PC 1, F—FBHMIS; PC2, BZEBHEMES; PC4, FHM
FEAMIS; QC, MEEH];, ADMA, FRIF_FAEERR,; SDMA, WH_FEEEE; C18:1, +/\BEIAH; PC a
C40:3, 1.2-ZFtE-sn-HIH-3-B5ERABH 40:3

1. N4 TMFRBREER. REMEEARN. AMBHEFDHIUETR
EIRIE AR TT, BIMNARN, BEEEIHEYIRES, &
ER, £YENSEERANRED X REEH—AMIIHIA

RPEFRHEMRSER/ D FH2ERSIFESIREH
WS RAR I NBEAFERESTRE, AAEES

16 [[=) #kisiE | Featured Article



RAFIBRSRIS AN A, EARARISETF A LR AR,

EMERNRRA S RERBMES @R, MR MEXFAM
MRS BIGKAR P EAR ZNER, REMERELE
Hike®, flanFmd (DBS) MAMERIM (VAMS) U,

ERESHNNTEA RIS TREREN S, BEED
BRANMEMEMPOBHK, MBERMEFEETDELR
B, BlEEnB0E. Z—HH, MRRXODEPEHEHE
#, 530 EDTA. FFERSUTIRRRE, BIRILEMmEERE,

IR ERBIE RS T RRN TR HE
1), FEIHRARN D AEME, RnEERE
WRMER, RUEREAFES T HEXER
T,

N EXEE
—PREFED
i S AR

BAEEIERIE (LC-MS) RRTFRSEFHANRERR
WHFEZ— EXHEF, B/LOIRGHRIN T RMEERE D
ARSI, B/l FAEREEILR T IR mEdEmIEE
BRI,

FRATERNZHTEEERARHAFMRETFRR
17, EAERELT ERERLRUR B RERFATEER
e, EXERFEH, JRTFZM LC-MS/MS &K
BiocratesAbsoluteIDQ®p180 HH2ENA TS SN MmKH

, BIELUARARHRIBE A TR R 211025, R BIRRS
EABMBTHEIRFIE (BiocratesAbsoluteIDQ®p150) EbIRT
EDTA In3EFN M EXTEE @ 5140 2 B2 me R,

FARNWENSRAEERS S REMEEERAR (CHRIS)
BARRME ESEERBBFHAITHIEIN, LUFRERHR
MEFEE AERBIAFHATIAZT. CHRIS B—INET
ABHHIR, HIRTELIBERIBEENS FEMRES TR
ABMEEANMINBNEEER. MBE5ERET L&Y
inads, BEME. EDTA MEMITHRRHBME, HREL
CHRIS ¥,

7Lk, FAIM CHRIS PATIFRIESR T 80 BEEREBENT
HE. MAFEX 80 BEERTRRTMERNEHER,
FEF Absolute IDQTM pl180 IXFIEFHITT 247, MANET
=MFTFARERAE 189 FpLE.

2. MEMAE
2.1 HRIFITMIREERE

CHRIS AR BERIEHIT 7 iIFAER™, Emsz, X
MR BERANBE D RNAETIELSHTH, BEIFE

BHHT, EEMTEIEPPIE 28000 & EAENBEM,

©2020 IMPROVE MEDICAL All Rights Reserved
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BT NIEE&Z 10 Ao

EXTAATAR, HEMNANTM 2011 F£ 8 B 24 HE 2014
£ 7 B 15 BSINMARNER 4979 85548 80 885
%0

HE 40 BER/NTF 35 SRR MEREN “FR” Ho
WEREAM 40 RIMUTHE, FRAT 605, HOEE “EE
N H, FMEEENMEIEFREXRER, REEAKIZETH
DIE. EsEMELRR, REERRAEMNEY. &
AHEFITE, Hob, AT HREMETRERZMETNREER, &
ZHEESMED AT ME—FTFE,

NRERRE, AREPORENR, HEREMEIEEMR
WERRM, HITEREYRDEARXFERRESHIMERS
FEARETURMRK. MEMMDERSREENIEE
(WHO/DIL/LAB/99.1 Rev.2, PI3EA http://apps.who.int/iris/
handle/10665/65957) o 77T HIRMERI AT MM AL, 2
WGP T EMD/E BT T DMaLE, nES.
EDTA BEMATEERIEE R Greiner 121, RINEIZEMGSFHAEE
SERMEFERR, UWEHEFSEENS2EE.

BINEEEER TR 30 9%, FHEZETLL 1500 x g
B 15 9. EDTA BEMITERBIERMGE, =R TERE
RAMCRES 10 D8, EDTA ERMIA—TAE, ITHRBRHE
ERE L1500 x g Bidy 15 995,

BR—XH EDTA &. ITERLENNEE—RRER
ERMNERRTD, HERXRILRE/EYE, EENMNIEH
i8], BEHEETEMIETIEETEE, mE. EDTA M3
TITEEREA M E DA 120 uL BIARA, HTE Bozen/Bolzano
EWIER-80 C1RTFo

FrES5EYREMREEESEEZETHBRESR. %
RRETERILEBREETRERKCEZRSNMECER
)EO

2.2 IR

ZIEWEXEE VWR, REWMBEE Sigma-Aldrich, FER
£H LCpak™Medl (EEZEE) B Milli-Q HKRGEHE
Ko FREBFIA LCMS BMAHERLAE, NISTEDTA M
R BUEHEAHD 1950 ARESEMEIEE NIST (EEZE=)N
EEHER)

2.3 RAAGIER

f£F8 BiocratesAbsoluteIDQ®p180 X EMBEIEEE
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& (UHPLC) (ZFEfC Agilent 1290) , L& Q-Trap FRiZ(Y
(MS)  (QTRAP 6500, Sciex) H{TEED o

IRIEHISE I RIERRF HITHREEN 9. BmE2,
HRMIEEFSER MR LRI, HRA 96 IR,
Hep# @7 7 HTE DR, ZIRFIZHE 10 uL #
&, FREEFAKIRD 3 FREATE (K. $. &) R
EES, ARTRERFMRIA—. —BRiER, 8MF
SHEHTRRBIENET MS WO, HFETEHEE
189 #pLiiH, &@id UHPLC-MS/MS SUET 43 ALy, @
RSO (FIA) -MS/MS UET 146 T, EL
FIFENRHFRENATAETES, SHRRHET 56 ik
2HINRETEEN DY, UHPLC-MS/MS E{Ti@id 585
IIERY 43 FREIREIIE R, BIF 21 MEERRM 22 F4E
YRR, HERT 7 #HREIRENIMERETEM EMIRITICHN
KREBDFYINIT. FIRE 146 FRiEH, BIF 40 MEER
. 90 FE MBEAE. 15 FhENAEAD | #hCHE, BT FIA-MS/MS
BHITHH, EREBRRMENIIREN—SRIEROE (9 FiE
URIFICHBEEARE. | MRGFAMEHSHE. | NRIFICH
lyso-PC. 2 NRAFIEH PC. 1 DRAFIEZH sM, £ 14 MR
15) o BT FIA-MS/MS 28y 12 MEERBNSESME
TEEE, MATFROTENZIABINE, ZEAZRMT

FER NE, RAFIRPIFHIFERART ATRENE
R BRIRN BRE.,

BEET MS MM TIERIZBIZIT vacutainer BN
FIMEE. ITEBIBMEEN EDTA MFEE, USSR
ESHINS, fEMEZ, 3§ 500 pL 7k: BEE (1.1) FMEEx
RINEH, 4000 RPM &HE 5 298, 4300 RPM B0 20 3%,
REEBIHEDR, BESBANEETELE (EZ2,
Genevac, Ipswich, ZE) A, 35CETFIE 120 2%, RS
FA200 L ZRE: 7K (500 50, v: v) E&,

BES Q-TOF Fig{Y (MS) (Triple TOF 5600+,
Sciex) &EMNBESMRIEEIE (UHPLC) (Agilent 1290) 93
T GBRRINNESR. BESBETFFKEEERRIEGRE

(HILIC) , F£F Acquity BEH BEAR, 100 x 2.1 mm &3%E

(Waters Corporation) o
BRAZEE + 0.1%FERIEARIE A, K + 0.1%FBERIER
TREIAE B #ITHE. HEEN 5 pL, WEN 0.6 mL/min, fF
FLUFEMBEE: 091 95% A, 1 95 95% A; 4 9% 30%

A SOH30% A5 519 95% A; 8 5 95% Ao

FRIZYIE 50 ~ 1000 m/z NEREEERUEABERZ
17, BIRAEN 250 2, £ ESHER T, BFREEERTE
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79 700°C. JHFRRRAIN 30 V. RiEREEN 6 V. BFHEBEE
A 5120 V. BEHF 25 psi, BFERSE 12 60 BEAFEHR
T7E ESI R, BFREEIREN 650°C. JHFRBAIA-45
V. RiEEEE -6 V. BFMHEEEN-3800 V. B 25 psi.

BFESE A2 730 psi Fo BT BREERHITHRE
KA, 1§ Sciex FAMRERR (BHS 4460131, Sciex) *
NEER, B Sciex [AMERAERR (45 4460134, Sciex)

FENGER, SRGHEEEH#NER,

2.4 Hit DR

FEIRELZ ATHPRPTEHUR R EIS T 80%691CH
Yo ERATARER, X3 FIA-MS $UB (BEERRE. Himi
fg. MEREFICHE) BiTHUEMRI—1L:

J3—1 Xij = Xij * [BEHARPSEREBITHNTIIE
(R 1) BEREEFTHTHE (KW ]

ERSERR, RITEFSEMEFRNTR, FAEN
REAEHERD, FIEFNREER (QC) “FF —H
BE 59 AN AMRESYAMRD QC2 WAFSERE
1l

I3—E, FUTERPEBERAR (CV &TF 30%) B
RBDRHFRTEID XM RHIRL SRR 138 MABIA
Ey/o

ENERERAZMNSTHEAHITHGEN. BERNE
HiR (EFEEREYT) HEE (FEENHYT) LB
KEURERR, #TTERDAN (PCA) , EERRIZHIERT
FRRIME 7 BINEAERPNENTER, BEE, RIER
SMRE—REYMNSEDN (BRABEDN) HRTERBIE



FEZW,

MWEERLRERTT PCA D, AL, RIRERRE, &
@I EFHED B ERENDBABELEH (PCs) o )
RERT HBERREAE T2 ERE 70%8 PCso

ERAAEDNF, FAVERAEYIIX IR T R
MEZENEEER, UBREBERSEZLENESER
&o BATUERARFEL Barrlett MR T HENHS
Mo BRI T RSP Bonferroni AR1EE, X4 138 FEZMIHAY
RBFWHITTIHE (p=36%x107) o

5, A CV RRT BMAETIRERBARENEY
FTEY, UAERTEMARYNSG Z2ERE, HERS
FER M ERE LMK,

ATHEREIE, RRT ROEZERRIIEX M, THR
EO—FRMEPRRENZIREG, NS~ ITE
RREEXRE () , UHRDES EDTA ¥R, MESHT
BEAEEIMIE AT EDTA MK SiTEmimg, EREL—1r
< 04 MR HBRTEH — S BB DT Z b SIEEEHRE
BCEYEEHRT t RRULREEANERANRE, B8
KT 3.6 x 10%

FRIERITDNEBMEMEA R WEERE 342 (wwwr-
project.org/) 1 Rstudio ARZS 1.0.143 0O (http://www.rstudio.
com/) #H1TH. fEFA prcomp HE L PCA, FH R
MetaboAnalyst P74& HIE R

3. &

XIAZH BN TG A FROEXY S E 8RS
THIRIE. R BERENIRME BES AR GAES

EH’;;EO

Fit, FEANEIHT—DELR, SELBRE=FRERI
&Ry CHRIS PAFIPMIEE, MMBERBER—ZHEH=1
WIEA, HBIRME. EDTA MZFITEERERMZ. FITM
CHRIS PAFIHIEET 80 ZEARERMZINE, 40 & 35 F LU
TEIMERD 40 B 60 2 LA ERI M,

BHNVEREHTBERAEIAE (Absolute IDQTM p180 izt 7
2) MERARSTTHEMHR, Mm@ LC 5 FIA BxA S
BEFRIE (MS/MS) MET 189 Fisi#.

3.1 FAEAMEL
U=ZADHR DGR SHERIRITAESE 80 MM
ms 7 MRIER. BASHTERMEN 3 NmRHEEER
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(QC) #&a. 1 MRYE CHRIS PAFIRIAERIE QC # &A1
AR NIST QC ¥ EARFIEZ—EIRMHR QC #
mEEE 3 MiTARE (B —QCl1, “f” —QC2,

‘B ——QC3) B 59 MAEMMANKESWER (5351
HLCH FIA MG 428 17 ) . £ QC FREZEMAIE
QC (NIST SRM 1950) HIBE MM, HE=REITH
HI3RE CHRIS PAFIBAEB LB AR M, KER—RM
B RIEE— 2 THOR R BENIRE #1753 4o

EFFE=FRIIMES, FHAMNET BINEEHTRKE,
iSRRI mEH, MBI ELER 30.8%, £ EDTA I
FRIME] 30.9%, TEMMFHRRNE] 30.1%o

BTR, RINEFRTREEH (QC) HERNIESME,
WUX S ETRERIEI 1A MBBTEREMHORE M, =HPFHE
QC BY CVRER: RE 37%MNEFREY CVHETF 10% (B
S1) o EFFEEME, BEE LC-MS 1 FIA-MS DRI R
QC MTAHIEERE. QC H¥RAFNIEMMEMER (BT
LC-MS 73#f) SRR 97%H 77%EME CVRIETF 10%

(B S2) , M FIA FOMHAEYERHESHNERE, 1L
HREMNE 2 PAIRENBIENRENSE, XELERS
Siskos EAPIEFHNRE —H, KW FEHBMUDN
AbsoluteIDQ®p150 Kit REH BrAFHIBTEL I E 8]
ITHEREES FIA-MS ORI TIRAEN, xS LC-
MS TR R R EEH T K.

Fit, FEMRABT S5 UE1HREER BT — L ERBE,
HAEMBMNAEZRHTTHR, BPEROBFEASERR,
HEAWSHRENAERGER (RE-QC2) FASER
EEH, EANTERTRDIRE,

I—bE, SEBMEYER (LC-MS) B CV%HKIES
(& s1 fME 82) , &k, £ FIA-MS FRENRE =Y (B
H-BERE. SHRSANBLEPAE) BV TRAMM S, XLERIE
I, XITE FIA-MS FRGNEIBHITII— L RHERCY,
ARSI TE FIA-MS FERISHI SRR A T 13—k,

Q

C
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3.2 M. EDTA MIZAITERERME ML

ETR, BITHMETROEX BAAMCSIEF M, B
BHEESIRE FWAERS D (PCA) o BIFTAS (PC 1
M PC 2) PREEIBERFEN 48.9%F 9.3%, HEBHTFE
ATERROE#TRIEMEEENEARR (B 1a) . 8
2, REHMEBROBEAN, FOFES (PC4) RS
BHEN 5.5%, FHEMENSSITERRHMEN EDTA M
BRAF (B 1b) . Alt, ROBEHERBKIBENELEE
8, XRPMBEFHAFYSITERIMEN EDTA M¥EHK
BB ERRTRE.

me, ITERAMREFNERMNTEEETMEE, KA
BRIRNEMFESR (B 1) o ATIEEX—R, BILRTE
HRHP 80 BZREES M ROEPRENZRENER. K
16T SMHABY LA TEEENF cv BxisE, K3
EDTA MEMMEHRZEFIESHMNEYFTL, BEET
BEEmE (B 2) . SMFmE, ZRE 80 BRHER 75%
BILIE CV BT 30%, ZHEZEMITHERAB MR TR
o 55—, 40%EDTA MEHERF 36%IMENMRE~
CV 1&8F 30% (B 83) » RE=#MROEIITEBRNENF
R0, EITEREMRPIER (B aEiEHE) NS
ERTFMBNES (B 2) . WTFHmEE, SEZEn
IFERRBIMRTRMSH 68% B cV KT 30%, i
EDTA #S@HPFTE RSN 25%F AT 19%89514 CV 1K
F 30%. XIFHERE, EDTA #mA 93%HMe cv |]F
30%, T EDTA #SHRFIEREIN 7% B 20%H91X5
¥ Cv #IETF 30% (B2) o

a Scores Plot
® CITRATE
® EDTA
<+ - ® ‘ ® SERUM
o 22
( 1)
~ 4
= [}
5
® i ®
e ° s (] [e] [¢]
O (R4
o
[ ]
s @
e © I ’
< L ]
@
T T T T
-20 -10 0 10
PC 1(48.9 %)

B2, XEEMFERTEMBE PCA HEEFLEHS S
MBEWFE (B 1b) o ATEIFMTRSBMBEFRBEN
RE LR BRI R, FANH#IT TR, Hit
BT =MAERME P EM IR HTREREER.

YER—RGES, RITMZRRMEFNREYIK TS TS
EAERIMAXAN EDTA MR FHIREIY) (B 3) o RN FEE
BAEYRE, RINENEFPERIIESHRE, NTIER,
X ERMEIYEEMMERLL EDTA M¥ES 7%, EMMEPLL
IFIRBREMEE 6%, STFEYR, MEFENERNTE
kb EDTA &S 11%, MELLITEEAEEMKS 15%, Lthih,
EYRMSERN TR RBEXRER R) BEST 07

(F&S1) »

BRGNS, BINAMEFRFNROEFRE 17 #HLEY
RETEELTH (BT Bonferroni RIEAY Anova iR38) , H
oo FEEER. 6 FAEMRE. | FESH-BEER | FRERE AR

(R 1. B 3. E 4. B S4. S5 S6) o NAEMBHRNE
KL S-RER, MEERNSBERINENERER.
RIESRIEMBEPLL EDTA M¥EHE 27%, FEMBDRET
BEAIEMRTE 26%, MHMEEIEFLL EDTA MRS
39%, FEMBEPLITERBRIHME S 38% (R 1. B 3 &
4) . AEBkE. 258K, A5K. 5k TRIR. EF
EAFN R PREBATE 75 P BR B EEATIREAZE M 3R AN EDTA 1
KERE (R 1. B 478 S4. S5F086) o MAEFRITIREREE
Mm3XHH ADMA. SDMA MASEIKFIEY, B EDTA M3
FREYE, MiTRBRMRPMBEERR C6 (C4.1-DC) KES
FIniEH EDTA M3 (R 1. B4 HME S4. S5 S6) o

b Scores Plot
9 ® CITRATE
® EDTA
® SERUM
~N - . . z
@
- @ .
o
g O
i =N [ ]
n
=
(¢}
a -
&
o ® e
o - ®
T T T T
-20 -10 0 10
PC 1(48.9 %)

B 1. THDHH (PCA) o MMABREIR 80 BB 5EREMME. EDTA MFMATEELE M AVEE AT EHIEHIT PCA. a) BE_EMSD (PC
2) 58—FmD (PC2) MXRE, b) LHIFEMERSD (PC4) B FE—FEMS (PC1) HIEL,
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CITRATE EDTA SERUM
100 Cl6:2@
90 c16:2y ’ C16:2¢
80
70 g, PCaa C32:1 PCaaC32:1 pcaacsz1| @ acylcarnitines
4 L ] c1s: ° 2 . .
x & c:?)c. 0o SPCaac3es 5% e oPcaaciss| @ aminoacids
> 50 pr====Ssteocesgmemssssl oot 5" Tee T [TTT°C o® - T e TTTTTTT @ biogenic amines
gg %8 ._.'_‘ 0 9‘_‘ @ glycerophospholypids
...... Lo, B— X e L
20 ol ® .o? e {“ o sphingolipids
10 e % o LIS ® o
0
-3 -1 1 3 -3 -1 1 3 -3 -1 1 3
LOG10 (conc) LOG10(conc) LOG10(conc)

B2 £YER. BI=MFEROERHTNEMEIBESLE (CV%) FERE [logn JLAITHE) | TUNREREERHENTRENER,
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B 3. iXREETEXRY. x MRTENWREZNTINE, y BIRREHAEYINEXRE. o) BEIRMET EDTA M Rkt EARNIRE
ESTRXRE. b) HEMBENIPERAMTF REETREERMEXR, o BILER EDTA MEMITHRRBMTER, THEHENREE

FIEXFRK,

£ EDTA MEARINENRERSNFHFAHYZM
KBRF PC ae (42: 3) , REZHEELE EDTA M¥EKHLbm
7B 34%, 7E EDTA MEPLATERBREMKS 36% (R 1.
3FE 4) . BRINEASIPERENS N T MEE.
EDTA MXEMITHRBEMXE 2 NIRIFH

YEEEE R
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2, BEN=EAM EDTA EFEEFRENHEE, HER
BRSNS ERIAT ZD FHESD B 5) . &S
BB EMTERRBMRERRCNZNGER (B 5) . £F
BEY, REAMAMERRZERESELUAEY (&
1 o
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R 1. TEXMEZ BN EELZN (R Bonferroni KIEH] ANOVA i)

ANOVA M75-EDTA M3
p-Value

REES LRt 1.1E-42 0.7 28 0.7 26 0.8 2
[E MR 4.3E-04 0.8 5 0.8 5 0.7 0
EER HEER 1.0E-05 0.6 5 0.6 4 0.6 -1
[ERL XRAR 6.6E-10 0.5 7 0.5 3 0.7 -4
[ER AR 1.4E-06 0.4 3 0.5 6 0.5 3
[E =R 1.2E-06 0.4 8 0.4 3 0.4 -5
[EER 22 it 9.5E-09 0.8 6 0.8 10 0.9 4
S[ER A 2.7E-09 0.9 18 0.9 2 0.8 -16
REE LA 2.5E-103 NA NA NA

LR FRIEDE 1.7E-04 0.8 6 0.8 7 0.8 1
EWIRZ s HFERR 5.2E-79 0.4 39 0.5 38 0.7 0
LWz SDMA 1.8E-05 0.6 5 0.8 -3 0.7 -7
222/ % MEER 7.6E-88 NA NA NA

=27 ADMA 2.1E-09 0.4 9 0.7 1 0.4 7
LR AN sEs 1.5E-56 0.8 -34 1.0 2 0.8 36
BAEPIB  C6(C4:1-DC) 2.1E-07 NA NA NA

HHBEE  PCae(42:3) 3.8E-06 0.4 9 0.4 1 0.5 10

5 r, RRIEXR
Aspartic Acid Arginine Taurine Serotonin

150

20 o 1 0.8
—— 100 :
s s —= i 3100 2 06
60 == i 04
’ — =L TR

40 e - 02 i
5 — 2 " .. S = .
CITRATE EDTA SERUM CITRATE EDTA SERUM CITRATE EDTA SERUM CITRATE EDTA SERUM
Glutamine Glutamic Acid Sarcosine Serine
800 T 80 : : 2 ’ = *
== = 160-] — i
i = - . :
o &0 i : | 4 § . wo{

uM

g 8 :' : gwo: ’:J [j ;‘

500

z 50 l:'
-3
E ‘ ®

20

i H 604
0 A #; 1 [—l }—4 40 ° o

— — — . S ———

CITRATE EDTA SERUM CITRATE EDTA SERUM CITRATE EDTA SERUM CITRATE EDTA SERUM

B 4. RRRMENREYIKT, EEREYEMA. EDTA MRFITHRERER MR 2 BT AIFELE.,
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young higher SERUM elderly higher young higher EDTA elderly higher young higher CITRATE elderly higher
12 12 2
” Citrulline
10 Litrulline 10 10 °
s s SCitrulline e
L s £
2 a6 26 SDMA
% D&RMA. Ornithine % % -
" P Kynurenin :
k- Cisge SKimurenine - Otrithine eXVnirenine g LB s
2 D 040 2 8 o 99°% 2 » b 0
0 o 0

1 0.5 0 05 1 1
log2 Fold Change

05

log2 Fold Change

0 05 1 1 0.5 0
log2 Fold Change

B 6. FROME, K40 MEERBRNFREAS 40 MEERRRENEF AERERDEFHREY.

RS, ATHRTERMEESTARAGIBSHEM,
IMEEERERNERARBESERRERNEEZIRER
BARITT IR FRARTESHIHEIE (KA Bonferroni 1E
Bt 4030) , BITRIMEFRVBINREHHREMEERNE
HMEZLT K. EiFL, FEEZHENMBPNRE 6 FH1E
BEYRE, BNER. SR, ADMA. SDMA. RREH
M c18: 1 (B 6) o HEEMDME EDTA MEHMEINS
. S8k, AREBR=MAENEETN (B 6) . FiTH
Fathinierh, WAL T S, EEZHETNRE.
SDMA. C18:1 1 PCaa C40:3 #i&, MERZIAEFHNERR
MES (E6) -

4. it

IR ERAFRATHXES . EIRFRAHEFP
NG —IF AR TR DTS HMED, GHHEN
EE2EnAHAFEA2EMFELIRRASHEAS, RAEE
T RBRERBLLE, HEKTREFTEHRRHEIERR
e, REWL, ZRIAIAZHIGFRRGAZMALBIERE
FREIME, EDTA MK, iPEBREAMRAMBNEE, Rtk
BEENERNTHRELHRNIERERIERER,

Hitb, ANARIRERT FERMEX CHRIS E4FEHR AR
m&RERAHEN MG, EXTARF, BITEEITMGEML
RRZEFENENHAFNER, RAZMRERFREET
CHRIS PAFIAH, SRILXTMIKAFRE T T IFEERRBIHFED
FREBAAF MITAL, JERRIZRMME R RIS S BIEF IR
o

BE, RITNRIERSPREYE 2LITEBRE MR
1 EDTA ME#HSFE, NWF/LHSEBRMNEMERIEN
e, HA—SAHEYEmERrREL EDTA RFE,
BIENFERER UK. ADMA F1 SDMARY, {BXLEFRAEIE
S5iTEBMENLR. ot RITNDITERE T mEFRL
EDTA MEMiTHERLMERESHNEMREY), FIINXELE
. RIREE. 4HEERAS-RER.

M RPEREK TR PR ER MNERLRIER
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SR, B, EMETAD, ERARENMSMTEhE
BT—BHBER, SHREREN, FLABENENR
%o FOR, FEMERSBMTER, FEABMATER DA
PUSRERRR, BRIRMEAAIML VR RS, MTIHED
EREEO,

REML, BESNREKThrERETFEYFERAR
B, SEfrt, BEZENEXEDTRET EMERNQERN
BRRIMEXAY R) , XRARMOEZEREKFHRE
SEERPATFFREMEZENRZIEE K.

MEFREETHESNENFER, EEELARRE,
SFABLBE (FERMNREEFTERMAE, 7
ERMIEPRRH AT THENTELAEY) o A,
£ EDTA MREFLIMTXMNENF LR, EETERD
MRERREIM. Fitt, RIMNMWLERKE, RMEZENER
BREMOEIEFNASFTRETIMNEERE, LEHEX
FIRPEREFENRNGYNS. EX=MERF, T5R
BMTEFREHRTRENEYFESR, THEER, XKREZ
B A Re R R P I E T,

BENZ, SAARPOMHEIEEMAEYEL, IS
EARIIT AR, HSE, EDTA MFHMAIERSERESTMI
BRI, XRAAFHRREN EDTA ERETE
AENEEL, BINEIHHATREME. EDTA MEFITHE
BRILMEERNTAESE, EXTNEBRREETEA
EDTA &7, MMRIETX—Rif, BTFNSRRILERRE
FREERYIRRNBEEMRSY, AEXAESAERIR
B, HANNEZIMKRA, HFETHR EDTA EHREEAEN
EEE, RLEUSHHRANERER EDTA MR
TINERIERE =,

ZEIMERAEIRENREKT (URBREHNEDT
£8) , RERTRANABERBAZMARNEYITEY RN
MRIBHESHERE. (FARERNIER, RITEERERER
NEBRANGAS FERBRENEFRHEAGPAHITTLE
o HATMREGRIES, MBEPRERNBERFIIEK



MEZLT W,

ERIENE, IE—LAEY), FIUNaBEERER
ERNEMITEY S, BRHTHEAERAR, XEERFTEE
EARHIRESER.

ZEFTR, XELRKE, ATREHTRNINESR
E, MEREYITSYR AT HIEIF L

5. 45t

EXBEARF, FALEET E2EmNBAFIEFRM
EXANE MR RBFME, FA—MRESE, FZMMRmETS
WAREYRES TR MK EDTA M3, BFEIK
SHAPYERMNEZ BB RHESERXYE, REERTE
SRWAFHITHMEE. EDTA MRERITERRI MR ER
KERTREMRR R —ESSINBENRRZ. A, BT
MEESHRE, MBEANEMITSYRINATIRE T ESHI
Bt. ABNE, TEREBMTFRE CHRIS REFNIER
EMTRENEYFER, RAZEREESTERNESE
mfUEEY. &fE, EDTA MEHFRPRERM, HENFT
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EZHEFRNEREE. SDMA. C18:1 #1 PCaa C40:3 BFFIZM,
EMEB AN AR TR NE ZHELEYITED o
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Influence of collection tubes during quantitative targeted metabolomics
studies in human blood samples
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® Department of Clinical Biochemistry, Landspitali University Hospital, Reykjavik, Iceland.
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ARTICLE INFO ABSTRACT

Background: Plasma and serum are the most widely used matrices in clinical studies. However, some variability
in absolute concentrations of metabolites are likely to be observed in these collection tubes matrices.

Methods: We analyzed 189 metabolites using the same protocol for quantitative targeted metabolomics (LC-MS/
MS AbsoluteIDQ p180 Kit Biocrates) in three types of samples, serum, plasma EDTA and citrate, of 80 subjects
from the Cooperative Health Research In South Tyrol cohort (40 healthy elderly and 40 healthy young).
Results: The concentration levels were higher in serum than citrate and EDTA, in particular for amino acids and
biogenic amines. The average Pearson's correlation coefficients were however always higher than 0.7 for these
two classes of metabolites. We could also demonstrate that blank EDTA vacutainer tubes contain a significant
amount of sarcosine. Finally, we compared the metabolome of young people against elderly subjects and found
that the highest number of metabolites significantly changing with age was detected in serum.

Conclusion: Serum samples provide higher sensitivity for biomarker discovery studies. Due to the presence of
spurious amount of sarcosine in vacutainer EDTA tubes, plasma EDTA is not suitable for studies requiring ac-

Keywords:

Targeted metabolomics
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curate quantification of sarcosine.

1. Introduction

Metabolomics is the system level analysis of metabolism driven by
the comprehensive identification and quantification of small-molecules
in biological systems.

Metabolomics closely reflects the phenotype, since it integrates in-
dividual's genetic background, ageing and lifestyle. Metabolomics
analysis can be performed in different sample types, such as tissues [1],
cells [2-5] and biofluids [6]. In recent years the simultaneous devel-
opment of biobanking and high-throughput technologies has enabled a
new generation of successful large-scale cohort studies where metabo-
lomics can been applied [7-13].

Biobanks can store and distribute to researchers a large amount of
blood products. The blood components, plasma and serum, are the most

widely used matrices in clinical studies, although there are alternative
options of blood collection such as dried blood spots (DBS) [14] and
volumetric absorptive microsampling (VAMS) [6] that offer the op-
portunity of remote collection, without the presence of trained staff.
Both plasma and serum are separated from whole blood via cen-
trifugation. Serum collection tubes contain a separation gel and the
blood is separated after coagulation has occurred; on the other hand,
plasma collection tubes contain anticoagulants, such as EDTA, heparin
or citrate, which prevent blood clotting.

Selecting the correct matrix for biochemical analysis is of para-
mount importance in order to avoid improper diagnosis [15]. Blood
collection tubes are often an under-recognized variable in the pre-
analytical phase of clinical studies, and it is thus important to evaluate
the influences of these matrices during metabolomics analysis [16-18].

Abbreviations: LC-MS, liquid chromatography mass spectrometry; CHRIS, Cooperative Health Research In South Tyrol; FIA, flow-injection analysis; SOPs, standard
operating procedures; UHPLC, ultra-high performance liquid chromatography; HILIC, hydrophilic interaction liquid chromatography; PCA, principal component
analysis; PC 1, first principal component; PC 2, second principal component; PC 4, fourth principal component; QC, quality control; ADMA, asymmetric dimethy-
larginine; SDMA, symmetric dimethylarginine; C18:1, octadecenoylcarnitine; PC aa C40:3, 1,2-diacyl-sn-glycero-3-phosphocholine 40:3
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Liquid chromatography mass spectrometry (LC-MS) is one of the
most popular platform used for metabolomics studies. In literature
several reports have explored the influence of collection tubes in me-
tabolic profiling studies, but almost all of them compared untargeted
data and not quantitative data [19-21].

The use of commercially available kits for quantitative targeted
metabolomics has become popular since it simplifies inter-laboratory
comparison and the exchange of data coming from different studies
[22]. Among these Kkits, the Biocrates AbsoluteIDQ® p180 kit, which can
be used on a variety of LC-MS/MS instruments, has already been ap-
plied to many studies of human serum and plasma, including several
large-scale prospective cohort studies [7-9, 11-13, 23]. A recent study
compared the influence of plasma EDTA and serum in targeted meta-
bolomics using a similar commercially available kit (Biocrates Abso-
luteIDQ® p150) [24].

The aim of this study was to investigate the influence of collection
tubes for quantitative targeted metabolomics studies in samples col-
lected during the Cooperative Health Research In South Tyrol (CHRIS)
study in order to determine which of these is more suitable for large
scale metabolomics studies of the cohort. CHRIS is a population-based
study that addresses genetic and molecular basis of common chronic
conditions and their interaction with life style and environment in the
general population. Several biospecimens, including serum, plasma
EDTA and plasma citrate, were collected from participants and stored at
the CHRIS biobank [25].

For that, we selected 80 apparently healthy subjects from the CHRIS
cohort. These 80 individuals were not known to suffer from any phy-
sical or mental disease and were analyzed using the Absolute IDQTM
p180 Kit resulting in the measurement of 189 metabolites in each of
three investigated matrices.

2. Materials and methods
2.1. Study design and sample collection

The CHRIS study has been described in detail previously [25].
Briefly, the study was carried on in Venosta valley, South Tyrol, Italy.
Recruitment was gradual and all 28,000 adults resident in the selected
study area were invited to participate, in groups of up to 10 participants
per working day.

We included in this study 80 participants enrolled from the first
4979 participants who joined the study between August 24th, 2011 and
July 15th, 2014.

A total of 40 independent individuals were selected with age lower
than 35years and assigned to the “young” group. The other 40 in-
dependent subjects were selected with age higher than 60 years and
assigned to the “elderly” group. All selected individuals were unrelated
and free from any diagnosed cardiovascular, metabolic or other chronic
disease and did not take any medication on a regular basis. Both groups
were sex-matched. In addition, to exclude any potential influence of
seasonality, the selection of individuals required participation dates
from the same season [26].

Blood was collected at the recruitment center after overnight
fasting, and taken in the early morning within a short time interval. We
followed WHO guidelines for use of anticoagulants in diagnostic la-
boratory investigations and stability of blood, plasma, and serum
samples (WHO/DIL/LAB/99.1 Rev.2 on http://apps.who.int/iris/
handle/10665/65957). To ensure measurements' reliability and accu-
racy, trained nurses performed pre-analytical processing immediately
after the drawing. Serum, EDTA and Citrate Vacuette® vacutainer col-
lection tubes were provided by Greiner Bio-One (Kremsmiinster,
Austria). All vacutainers were inverted five times immediately after
blood drawing to mix the anti coagulant or the clot activator with the
whole blood.

Serum tubes were allowed to clot for 30 min at room temperature
and centrifuged for 15min at 1500 X g at RT. Blood tubes with EDTA

and citrate were further mixed after blood drawing on a sample rotator
for 10 min at room temperature. EDTA tubes had no further treatment,
whereas citrate vacutainers were centrifuged for 15 min at 1500 x g at
RT.

EDTA, citrate, and serum tubes from the same day were stored al-
together in a transportation bag at room temperature and shipped to
the laboratory/biobank. The temperature range during transportation
was fixed and monitored through the entire recruitment period.
Aliquots of 120 uL were then obtained for serum, plasma EDTA and
plasma citrate samples and stored at —80 °C at the Biobank of Bozen/
Bolzano until the analysis.

All participants gave written informed consent in accordance with
the Declaration of Helsinki. The study received ethical approval by the
Ethical Committee of the Healthcare System of the Autonomous
Province of Bolzano.

2.2. Chemicals

Acetonitrile was purchased from VWR International (Radnor, PE,
USA). Methanol was obtained from Sigma-Aldrich (Seelze, Germany).
Water was obtained from a Milli-Q water purification system equipped
with LC-pak® polisher (Millipore, USA). All solvents were of LCMS
analytical grade or higher purity. NIST plasma EDTA QC sample,
Standard Reference Material® 1950 was purchased from NIST
(Gaithersburg, MD, USA).

2.3. Liquid chromatography mass spectrometry

Targeted analysis was performed using the Biocrates AbsoluteIDQ®
p180 kit with an ultra-high-performance liquid chromatography
(UHPLC) (Agilent 1290, Agilent Technologies, Santa Clara, CA, USA)
coupled to a Q-Trap mass spectrometer (MS) (QTRAP 6500, Sciex,
Foster City, CA, USA).

Sample preparation and analysis were performed according to the
manufacturer's protocol. In brief, the sample processing procedure was
performed on a single sample and utilized a 96-well plate design where
both sample derivatization and analyte extraction were performed. The
kit requires 10 pL of sample and provides human plasma based quality
controls in 3 concentration levels (low, medium, high) which can be
used for quality control purposes and batch normalization. Once pro-
cessed, each sample undergoes to two separate MS-based analytical
runs. A total of 189 metabolites are included in the kit, 43 metabolites
are measured by UHPLC-MS/MS and 146 metabolites by flow-injection
analysis (FIA)-MS/MS. Isotope-labelled and chemically homologous
internal standards are used for quantification providing a total of 56
analytes fully validated as absolutely quantitative. The UHPLC-MS/MS
run provide fully validated absolute quantification of 43 metabolites,
including 21 amino acids and 22 biogenic amines, with the use of ex-
ternal calibration standards in seven different concentrations and iso-
tope labelled internal standards for most analytes. The remaining 146
metabolites, including 40 acylcarnitines, 90 glycerophospholipids, 15
sphingolipids and 1 sum of hexoses, were analyzed by FIA-MS/MS,
using a one point internal standard calibration with representative in-
ternal standards (9 isotope-labelled acylcarnitines, 1 isotope-labelled
hexose, 1 non-labelled lyso-PC, 2 non-labelled PCs, 1 non-labelled SM, a
total of 14 internal standards). 12 acylcarnitines and the sum of hexoses
are fully validated as quantitative while for the remaining metabolites
analyzed by FIA-MS/MS the kit provides a “semi-quantitative” mea-
surement due to the lack of commercially available specific internal
standards. Several lipids analyzed in the present kit represent the total
concentrations of possible isobars and structural isomers.”

Sarcosine confirmation was achieved by running the content of
blank serum, plasma citrate and plasma EDTA vacutainer tubes with
our untargeted MS-based workflows [6]. In brief, 500 uL of water:-
methanol (1.1) were added in each vacutainer tube, vortexed 4000
RPM for 5min, centrifuged at 4300 RPM for 10 Minutes at 20 °C and
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transferred in a new tube. Samples were evaporated to dryness under
vacuum at 35 °C for 120 min in a vacuum evaporator (EZ — 2, Genevac,
Ipswich, UK) and reconstituted with 200 uL. of an acetonitrile:water
(50:50, v:v) solution.

Samples for sarcosine confirmation were analyzed by ultra-high
performance liquid chromatography (UHPLC) (Agilent 1290, Agilent
Technologies) coupled to a Q-TOF mass spectrometer (MS) (Triple TOF
5600+, Sciex, Foster City, CA). The chromatographic separation was
based on hydrophilic interaction liquid chromatography (HILIC) and
performed using an Acquity BEH amide, 100 X 2.1 mm column (Waters
Corporation, Milford, MA, USA).

Separation was achieved using acetonitrile +0.1% formic acid as
mobile phase A, and water +0.1% formic acid, as mobile phase B. The
injection volume was 5 pL and the flow rate was 0.6 mL/min. The fol-
lowing linear gradient was used: 0 min 95% A, 1 min 95% A; 4 min 30%
A; 5min 30% A; 5.1 min 95% A; 8 min 95% A.

The mass spectrometer was operated in full scan mode in the mass
range from 50 to1000 m/z and with an accumulation time of 250 ms. In
ESI+ mode the source temperature was set at 700 °C, the declustering
potential at 30V, the collision energy at 6V, the ion spray voltage at
5120V, the curtain gas at 25 psi, the ion source gas 1 and 2 at 60 psi. In
ESI- mode the source temperature was set at 650 °C, the declustering
potential at —45V, the collision energy at —6 V, the ion spray voltage
at — 3800V, the curtain gas 25 psi, the ion source gas 1 and 2 at 30 psi.
The instrument was mass calibrated by automatic calibration infusing
the Sciex Positive Calibration Solution (part no. 4460131, Sciex, Foster
City, CA) for positive mode and Sciex Negative Calibration Solution
(part no. 4460134, Sciex, Forster City, Ca) for negative mode after
every two-sample injections.

2.4. Statistical analysis

Metabolites with missing values higher than 80% in all batches were
excluded before normalization. Between-batch normalization was per-
formed only on FIA-MS data (acylcarnitines, glycerophospholipids,
shingolipids and hexose) using the following equation [22]:

Normalized Xij
mean value (metabolite i)in reference QC in reference batch
mean value(metabolite i)in reference QC

= Xij*

As reference batch, we selected the batch containing serum samples
since it had the lowest number of missing values. The manufacturer's
quality control (QC) ‘medium’ - QC2 consisting of a mixture of human
plasma spiked with 59 metabolites was used as reference QC.

Metabolites with a coefficient of variation (CV higher than 30%) in
QC samples after normalization were excluded. The final dataset in this
study was composed of 138 metabolites.

The tube-wise differences were assessed following classical statis-
tical approaches. After replacing missing concentrations with the cor-
responding limit of detection (in semiquantitative metabolites) or
quantification (in quantitative metabolites), a principal component
analysis (PCA) was performed to capture both, changes between tubes
and a structured variance within samples, in a hypothesis free setting.
Subsequently, we investigated tube-dependent abundance changes
using an analysis of variance (one-way ANOVA) for each single meta-
bolite.

The PCA analysis was performed on log-transformed concentrations.
Therefore, assuming centralized concentrations, we decomposed them
into latent structures (PCs), by a singular value decomposition method.
We explored the PCs that explained around the 70% of the total var-
iation of the original metabolites.

In the one-way ANOVA, we tested a significant difference among
the tubes using the logarithm transformation of the metabolite ensuring
the normality assumption that was checked using graphical methods.
We investigated the homogeneity of variances graphically and by the
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Barrlett test. We applied a conservative Bonferroni correction ac-
counting for 138 tested metabolites (p-value = 3.6 x 10~ %).

Furthermore, the biological variability that naturally occurs in the
concentration of each metabolite was explored with the CV, to de-
termine if the method used to quantify the metabolite is stable or it
varies according to the tube from where it was measured.

In order to describe the data, the pairwise correlations between
tubes were explored. After excluding subjects with missing values in at
least one tube, the Pearson's correlation coefficient (r) was calculated
for each metabolite to compare serum vs plasma EDTA, serum vs
plasma citrate, and plasma EDTA vs plasma citrate. Metabolites
showing at least one r < 0.4 were excluded from further data analysis.
The t-test on the log-transformed metabolite abundances was performed
to compare concentrations in elderly versus young, at significance level
of 3.6 x 107%.

All statistical analyses were performed with the R software package
version 3.4.2 (www.r-project.org/) using the Rstudio version 1.0.143 in-
terface (http://www.rstudio.com/). The PCA was fitted using the
prcomp function. Graphs were plotted using R and MetaboAnalyst [27].

3. Results

The aim of this study was to evaluate the influence of collection
tubes for human blood samples applied to quantitative targeted analysis
of metabolic profiles. The final goal was to identify which collection
tube is more suitable for large scale metabolomics studies.

Therefore, we designed an experiment that aimed to compare
human blood samples from the CHRIS cohort [25] obtained in three
different collection tubes, resulting in three separate samples from the
same participant, serum, plasma EDTA and plasma citrate, respectively.

We selected 80 apparently healthy subjects from the CHRIS cohort,
40 individuals below 35 years of age and 40 above 60.

We analyzed all samples using the same protocol for targeted me-
tabolomics (Absolute IDQTM p180 Kit) resulting in the measurement of
189 metabolites via LC or FIA coupled to tandem mass spectrometry
(MS/MS).

3.1. Preprocessing and normalization

Samples were analyzed in three analytical batches. Each batch was
designed to contain 80 samples, 7 calibrators, three plasma quality
control (QC) samples provided by the kit supplier, one internal serum
QC sample representative of the CHRIS cohort and one commercial
plasma NIST QC sample. QC samples supplied as part of the kit by the
manufacturer consist of mixtures of human plasma spiked with 59
metabolites (42 and 17 measured by LC and FIA respectively) in 3
nominal concentrations (‘low’ QC1, ‘medium’ — QC2, ‘high’ — QC3). The
second QC sample was a reference plasma sample routinely used as QC
(NIST SRM 1950) [28]. The third QCs consist of an internal pool of
serum samples from the CHRIS cohort [25]. Samples coming from the
same collection tube were analyzed within the same analytical batch in
randomized order.

In all three collection tubes we detected a similar number of missing
values. In plasma citrate we detected 30.8% of missing values, 30.9% in
plasma EDTA and 30.1% in serum.

Next, we considered the reproducibility of the quality control (QC)
samples to distinguish potential biases and batch effect that could affect
our findings. The CV% of all QCs across the three batches showed that
only 37% of targeted metabolites showed a CV% lower than 10 (Fig.
S1). Of note, the behavior of QCs was quite different in samples ana-
lyzed by LC-MS and FIA-MS. Amino acids and biogenic amines in QC
samples (analyzed by LC-MS) showed a CV% lower than 10 for 97% and
77% of the analyzed metabolites respectively (Fig. S2), while metabo-
lites analyzed in FIA showed much higher variability, especially for
phospholipids and sphingolipids as reported in Fig. S2. These results are
in agreement with a previous report by Siskos et al. [22], where it was



found that inter-laboratory comparison of targeted metabolomics data
acquired with similar Absolute IDQ® p150 Kit required normalization
for samples analyzed in FIA-MS but not for samples analyzed in LC-MS.

Therefore, we applied the same normalization strategy as reported
previously [22] and described in material and methods using serum as
reference batch and QC samples supplied by the manufacturer
(medium- QC2) as reference QCs, as the lowest number of missing
values was recorded there.

After normalization, the CV% of amino acids and biogenic amines
(LC-MS) was not improved (Fig. S1 and Fig. S2), in contrast, a big
improvement was achieved for metabolites acquired in FIA-MS (gly-
cerophospholipids, sphingolipids and acylcarnitines). These results
confirmed that normalization is necessary only for data acquired in FIA-
MS [22] and was, therefore, applied only on data acquired in FIA-MS.

3.2. Comparison of serum, plasma EDTA and plasma citrate

We next evaluated the influence of collection tubes for targeted
metabolomics. We first applied a principal component analysis (PCA)
on the dataset. The first two components (PC 1 and PC 2) accounted for
48.9% and 9.3% respectively, of the total variance of the dataset and
did not show any effect due to sampling performed using different
collection tubes (Fig. la). However, exploring the other principal
components revealed that the fourth component (PC 4) accounted for
5.5% of the total variance in the dataset, and separated the samples
collected in serum from the samples collected in plasma citrate and
plasma EDTA (Fig. 1b). Therefore, even if minimal, collection tubes
account for some variance in the dataset, suggesting that the metabo-
lome in serum differs from the one obtained from both plasma citrate
and plasma EDTA.

Moreover, samples collected in plasma citrate seemed to cluster
more tightly suggesting a lower biological variation (Fig. 1). To confirm
this, we compared the inter-subject variability obtained in each col-
lection tube for the 80 subjects included in this study. We plotted the
logarithmic value of the geometric mean against the CV for each me-
tabolite and found that EDTA and serum samples have very similar
biological variation but not citrate (Fig. 2). Overall, the inter-subject
variability in citrate was lower considering that 75% of metabolites had
a CV lower than 30% in the 80 subjects investigated. On the other hand,

a Scores Plot
® CITRATE
® EDTA
<+ o o ® SERUM
‘ [ ]
[ 1]
~ o
. @
®
™ i . &}
e © @ [ J @
o~
%)
o
[ ]
= @
e ©
\f -
®
I I T T
-20 -10 0 10
PC 1 (48.9 %)

40% of all metabolites in EDTA samples and 36% in serum had CV
lower than 30% (Fig. S3). While the biological variation was similar for
the amino acids in the three collection tubes, the inter-subject varia-
bility for lipids (glycerophospholipids and- sphingolipids) was much
smaller in citrate (Fig. 2). For glycerophospholipids, the inter-subject
variability in citrate resulted in 68% of metabolites with CV lower than
30%, while 25% of all metabolites in EDTA samples and 19% of me-
tabolites in serum had CV lower than 30%. For sphingolipids, 93% of
metabolites had a CV lower than 30%, while 7% of all metabolites in
EDTA samples and 20% of metabolites in serum had CV lower than 30%
(Fig. 2).

These biological differences, however, do not explain the cluster
observed in the fourth component during PCA (Fig. 1b). To better un-
derstand the causes of this clustering of serum samples and which
metabolites were contributing to it, we therefore performed a correla-
tion analysis and calculated the relative concentration differences for
each individual metabolite for the three different collection tubes.

As a general trend, we observed that metabolite levels were higher
in serum than in plasma citrate and EDTA (Fig. 3). In particular, for
amino acids and biogenic amines, we recorded higher concentrations in
serum. For amino acids, the average value of the relative difference was
7% higher in serum than EDTA and 6% higher in serum than citrate. For
biogenic amines the average value of the relative difference was 11%
higher in serum than EDTA and 15% higher in serum than citrate.
Moreover, the average Pearson's correlation coefficients (R) were al-
ways higher than 0.7 for biogenic amines and amino acids (Table S1).

More specifically, we found that 17 metabolites were significantly
changing among different collection tubes (Anova test with Bonferroni
correction), 9 of them being amino acids, 6 biogenic amines, 1 gly-
cerophospholipid and 1 acylcarnitine (Table 1, Fig. 3, Fig. 4, Fig. S4, S5
and S6). Aspartic acid and serotonin were only detected in serum and
the highest relative differences were obtained for arginine and taurine.
Arginine was found to be 27% higher in serum than EDTA and 26%
higher in serum than citrate, while taurine resulted to be 39% higher in
serum than EDTA and 38% higher in serum than citrate (Table 1 and
Fig. 3 and Fig. 4). Glutamine, serine, histidine, lysine, phenylalanine,
methionine and kynurenine also showed greater values in serum than
plasma citrate and EDTA (Table 1, Fig. 4, and Fig. S4, S5 and S6). The
level of ADMA, SDMA and glutamic acid were comparable in serum and
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Fig. 1. Principal component Analysis (PCA). PCA was performed on targeted metabolomics data of serum, plasma EDTA and plasma citrate collected from the
same 80 participants. a) Plot of the second principal component (PC 2) versus the first principal component (PC 2). b) Plot of the forth principal component (PC 4)

versus the first principal component (PC 4).
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plasma citrate but were lower in EDTA, while the level of the acyl-
carnitine C6 (C4.1-DC) were higher in citrate than serum and plasma
EDTA (Table 1, Fig. 4, and Fig. S4, S5 and S6).

The only two metabolites that were found at greater concentration
in EDTA were sarcosine and PC ae (42:3). In particular, sarcosine was
shown to be 34% higher in EDTA than serum and 36% higher in EDTA
than citrate (Table 1, Fig. 3, and Fig. 4). We used high resolution mass
spectrometry and analyzed the content of blank vacutainer tubes used
to collect serum, plasma EDTA and plasma citrate samples. Surpris-
ingly, we found that blank EDTA tubes contain a significant amount of
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sarcosine, and confirmed the identity of this molecule using accurate
mass and tandem mass spectrometry (Fig. 5). No sarcosine was detected
in blank serum and plasma citrate tubes (Fig. 5). None of the other
metabolites that were found changing significantly among matrices
(Table 1) were found in the blank tubes tested.

Finally, to investigate the impact of different collection tubes when
analyzing big cohorts, we compared the metabolome of apparently
healthy young people against the metabolome of apparently healthy
elderly subjects. Using univariate statistics (t-test with Bonferroni cor-
rection) we found that the highest number of metabolites significantly



Table 1

Metabolites changing among different collection tubes (ANOVA test with Bonferroni correction).

Classes Metabolites ANOVA SERUM-EDTA SERUM-CITRATE EDTA-CITRATE
p-Value r Mean diff % r Mean diff % r Mean diff %
Aminoacids Arginine 1.1E—-42 0.7 27 0.7 26 0.8 -2
Aminoacids Lysine 4.3E—-04 0.8 5 0.8 5 0.7 0
Aminoacids Histidine 1.0E-05 0.6 5 0.6 4 0.6 -1
Aminoacids Phenylalanine 6.6E—10 0.5 7 0.5 3 0.7 —4
Aminoacids Glutamine 1.4E-06 0.4 3 0.5 6 0.5 3
Aminoacids Methionine 1.2E-06 0.4 8 0.4 3 0.4 -5
Aminoacids Serine 9.5E—09 0.8 6 0.8 10 0.9 4
Aminoacids Glutamate 2.7E-09 0.9 18 0.9 2 0.8 -16
Aminoacids Aspartate 2.5E-103 NA NA NA
Biogenic amines Kynurenine 1.7E—-04 0.8 6 0.8 7 0.8 1
Biogenic amines Taurine 5.2E—79 0.4 39 0.5 38 0.7 0
Biogenic amines SDMA 1.8E-05 0.6 5 0.8 -3 0.7 -7
Biogenic amines Serotonin 7.6E—88 NA NA NA
Biogenic amines ADMA 2.1E-09 0.4 9 0.7 1 0.4 -7
Biogenic amines Sarcosine 1.5E-56 0.8 —-34 1.0 2 0.8 36
Acylcarnitines C6 (C4:1-DC) 2.1E-07 NA NA NA
Glycerophospholipids PC ae (42:3) 3.8E—-06 0.4 -9 0.4 1 0.5 10

Abbreviation: r, Pearson's correlation coefficient.

changing with age was detected in serum. Indeed, 6 metabolites were
observed to be higher in elderly subjects in serum, namely citrulline,
ornithine, ADMA, SDMA, kynurenine and C18:1 (Fig. 6). The same
analysis resulted in only three metabolites changing in EDTA, citrulline,
ornithine, kynurenine (Fig. 6). In plasma citrate the metabolites chan-
ging were five. Citrulline, SDMA, C18:1, PC aa C40:3 were increased in
elderly subjects while methionine was higher in young participants
(Fig. 6).

4. Discussion

Standardization is a pivotal aspect in any omics technology.
Harmonization of procedures to ensure pre-analytical and analytical
robustness is mandatory in clinical metabolomics [29]. The use of
commercially available kits for quantitative targeted metabolomics can
help the harmonization of clinical metabolomics since it simplifies
inter-laboratory comparison and the exchange of data coming from
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different studies [21]. Nevertheless, considering that most clinical
metabolomics studies include data from different blood samples,
plasma EDTA, plasma citrate and serum, the selection of the appro-
priate matrix is of great importance to ensure proper clinical transla-
tion.

For this reason, this study investigated the influence of different
collection tubes on the composition of the metabolome of human blood
samples available in the CHRIS biobank [25]. In this study, we did not
evaluate plasma heparin collection tubes as matrix for targeted meta-
bolomics since this blood sample was not included in the CHRIS cohort.
Plasma heparin collection tubes has been recently evaluated for un-
targeted metabolomics [21] and lipidomics [19] proving that this col-
lection tube might be suitable for metabolomics application.

In general, we observed that serum samples contain higher levels of
several metabolites compared to plasma citrate and EDTA. This was
particularly true for several aminoacids and biogenic amines. Higher
concentrations in serum compared to EDTA were previously reported
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collection tubes.

for some of these metabolites, such as arginine [24, 30] and ADMA and
SDMA [30], but these studies did not include a comparison with plasma
citrate. In addition, our analysis identified other metabolites with sig-
nificant higher concentrations in serum compared to plasma EDTA and
citrate, such as aspartic acid, kynurenine, taurine and serotonin.

Higher levels of metabolites in serum samples might be explained by
the combination of two factors. First, in serum samples a fraction of
proteins was removed during sample collection and pre-analytic pro-
cedures resulting in a smaller total volume and thus the metabolites
were more concentrated. Second, during coagulation of serum samples,
some metabolites were likely released from blood cells, in particular
from activated platelets, increasing their concentration [30, 31].

Nevertheless, higher metabolite levels might also be due to biolo-
gical variation. Indeed, the correlation analysis among matrices pro-
vided high Pearson's correlation coefficients (R) for biogenic amines
and amino acids indicating that differences of metabolite levels be-
tween collection tubes were mainly due to systemic changes across all
individuals.

Once again, serum samples showed higher biological variation,
which might be partially explained considering the issues described
above (more complicated collection procedure that requires time for
coagulation and might release variable amounts of some metabolites
during clotting). Nevertheless, a similar biological variation was found
in plasma EDTA but not in plasma citrate. Therefore, our results suggest
that a combination of background noise, which differs between col-
lection tubes, and pre-analytical procedures might affect the accuracy
of the measurement, especially for metabolites that are present in blood
at low concentrations. Of the three matrices, plasma citrate samples
provided the lowest biological variation, especially lipids, suggesting
that this matrix might be a better choice for lipidomics.

Of interest, the behavior of sarcosine was different compared to all
other metabolites analyzed in this study. Indeed, sarcosine was found to
be significantly higher in plasma EDTA compared to serum and plasma
citrate, suggesting the presence of spurious amounts of sarcosine in the
EDTA tubes used for sample collection. We verified this hypothesis, by
analyzing the content of blank vacutainer tubes used to collect serum,
plasma EDTA and plasma citrate samples confirming that sarcosine is
present only in blank vacutainer plasma EDTA tubes. This is especially
alarming since sarcosine has recently been identified as a potential
biomarker for invasive prostate cancer [32]. Our findings suggest to
avoid plasma EDTA samples for accurate quantification of sarcosine in
future studies due to the presence of spurious amounts of sarcosine in
the vacutainer EDTA tubes.

Given the higher level of metabolite concentrations in serum (and
higher biological variation), this matrix might provide higher sensi-
tivity for biomarker discovery studies in large metabolomics studies. As
proof of principle, we compared the metabolome of apparently healthy
young people against the metabolome of apparently healthy elderly
subjects. Our result confirmed that serum contains the highest number
of metabolites significantly changing with age.

Notably, some of these metabolites, such as citrulline were recently
reported as biomarkers for ageing [33, 34], but due to a limited sample
size, these results need to be replicated in bigger cohorts.

Taken together, these results demonstrate that, possibly because of
higher concentrations detected, serum is a better matrix for biomarker
discovery studies.

5. Conclusion

In this study we evaluated the influence of collection tubes for
human blood samples during quantitative targeted metabolomics. As a
general trend, we observed that metabolite concentrations were higher
in serum than plasma citrate and EDTA, but, considering that most of
the metabolites showed a high correlation between tubes, the selection
of serum, plasma EDTA or plasma citrate for quantitative metabolomics
analysis does not necessarily introduce a significant bias during epi-
demiological studies. Serum however, due to higher concentrations
detected, provides higher sensitivity for biomarker discovery studies.
Interestingly, plasma citrate samples provide the lowest biological
variation for lipids in the CHRIS collection, suggesting this matrix be
better suited for quantitative targeted metabolomics of lipids. And
lastly, plasma EDTA samples contained the lowest concentrations and
showed a biological variation similar to serum samples. Moreover, it
was found that Vacutainer EDTA tubes contain spurious amount of
sarcosine, suggesting that this matrix is not suitable for studies re-
quiring accurate quantification of sarcosine.

Finally, citrulline, SDMA, C18:1, PC aa C40:3 were increased in
apparently healthy elderly subjects compared to apparently healthy
young participants, encouraging further ageing biomarkers discovery in
larger cohorts.
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