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Quantitative Measurement and Stability Study of Betaine and Free Choline in Human
Plasma by Liquid Chromatography Tandem Mass Spectrometry

ZHANG Zhen-zhen' ,WANG Jia-jia?>, TAN Bing-yan®, WANG Xian', ZHENG Lin?*, CHANG Ying', ZHU Hui-lian"'*
(1. Faculty of Nutrition, 2.Department of Inspection and Quarantine, 3.Experimental Center, School of Public Health, Sun Yat-sen
University, Guangzhou 510080, China)

Abstract; [Objective]To establish a method for the quantitative measurement of betaine and free choline in plasma
simultaneously using liquid chromatography tandem mass spectrometry (HPLC-MS/MS) and to study the stability of the two analytes
in plasma. [Methods] Separation was achieved on a normal-phase silica column (2.1 mm x 100 mm,5 pum) with acetonitrile/15
mmol/L formic aicd (6:4v/v) under isocratic elution. A mass spectrometry was applied to measure the objective analytes.
Acetonitrile, contained do-choline and dy-betaine, as internal standards, was added into plasma to precipitate protein. [Results] For
both betaine and choline, the lower limit of quantitation (LLOQ) was 0.62 pmol/L and the response was linerar over the range
investigated  (0.62 pwmol/1.-400.00 pmol/L, r*>0.999). The within-day relative standard devition (RSD) were below 8% and
between-day below 15%. The recoveries were over 90%. For the stability tests, the concentration of the two analytes increased with the
storage temperature and time. Choline was stable throughout three freeze-thawn cycles while concentration of betaine had a
significantly rise after the first cycle.  [Conclusion] This is a technically simple and accurate method that can be carried out with
HPLC-MS/MS. Attention should be paid to the critical effects of storage temperature and time and freeze-thawn cycle on the
measurement.

Key words: plasma; betaine; free choline; stability; HPLC-MS/MS

[J SUN Yat-sen Univ(Med Sci),2011,32(3):406-410]

Y5 HEA:2011-03-02

EETIH : MR AAPHEEES(30872099) ;)7 AR FHHHRITE F (2008B030301100)

YEZ I KL B, 0 R AR AR A TR AL KSR -5 A B9 ] 2 B3R 5 3 E-mail : suezhang815@hotmail.com; * i
{EE# , R E5% | E-mail ; zhuhl@mail sysu.edu.cn



o 3 1 K2 ., 4%, HPLC-MS/MS I 5 13 v i RN i 125 AR o K LS PR AT 407

JEAE (choline ) FlEH S A% (betaine ) 1F 4y {4 4
B H LA R DA EEYIECR e
R e R 1Y R4 L AR DA B A DNA HY
FA S5 A B A A SO Th K s AR, H
T A 000 JIEL SR B 14) 7 Y2 A Tl A A () 2 2R
14 TR ARCBORE €35 LA 2 A T S TR AR €3 ik o)
S (EUHIT A HER R 22 |, (A RO B I HE
PEFRG RS, AT 20 A2 AR SR IR g 2R it
2 5 VA 1T RS 1Y A R A T vk 1 RS A
B By Bt MELAHE) T L3k 285 AR 2 X P )
RS BEATAGIN . AR 5230 % 9 R ] HPLC-MS/MS
XoF LY FH SRR i 5 R R A T [ s A, A
BRI LIRS, X PR A SRS N0 1% o B RR 2%
FERAT RN 8 ELTE T  RhA) BT  Re M 2
X REA B ORAF S5 A R ] R e g o PRI TR AT
L S8 7 P L5755 e A L ) G 00 32k 1 FH 1,
WOFARRE IR X )7 bk B e B G %5 B A T 56
TE R FERT 0L o S R i g AEma i) e
IEEEG Z AT BT 25 R LA . 4B LT RN rh
PRI e B R s v, DA S BRI RITIG R A 56
Pt 2%

1 At Ae T ik

1.1 FEXFEERAHA

Agilent Technologies 1200 series 1= & AH €4 1%
X, Agilent 6410A Triple Quad = PUZAT BRI ;
FALNEK (Sigma) , do— S AL B (Isotec) , FiH =5 il
(Sigma) , do—FHZE K (Isotec ) , Z N (Merck ) , H R ¢
(Alfa Aesar)
1.2 HRESE

Jily BB A ARG 11 T R s I bk 4l 3
mlL, MIKIR BN BUEE , 1A /N 4 °C 3 000 x g &
L 15 min 4325 M SRR EE T IR A7
1.3 &k BECH
1.3.1 Are Ak F PBS 230 BIRC ) 20 mmol/L
(18 SR BRI B o i 25 T, —20 CURAF . Al et
W5 5 B F TR I (PBS10 4355 B8 ) A LA B %,
AN [ 9 8 b o LR (R 882 0.62.,1.25 312
6.25.12.50,25.00,50.00,100.00 ,200.00 ,400.00, 4
W FRric & B1~B10; JH & 0.62.1.25.3.12.6.25,
12.50 ,25.00 .50.00 . 100.00 ,200.00 . 400.00 , {& {% b7
i8h Cl1 ~ C10, B4 wmol/L) , 4 CLATT

132 HARZE (BPRE&aik) & 10 wmol/L 1)
d9—FHER A dO— G AL ARBR 1) 2N
1.3.3 A&shAe  @AKECHIAY 15 mmol /L Y H iR
BRVSUE (pH 3.5),0.45 wm DER I 18 Mol RS A
1.4 BESREEHE
1.4.1 &35+ BEM. SO, A%t (2.1 mmx
100 mm, 5 pm, Welch Materials) ; i s AH . £ .
15 mmol/L H R %% (pH 3.5)=6:4 , 25 FE e i ; I 7K .
0.2 mL/min; #EFEE .5 pl; AR .25 °C,
142 JFigdt B AEBEE TR, THRS
T % 0300 °C 5 55 A6 (N,) Ui 06 L/min ; M 25 [
71:5 500 eV ; filf {6 1 K . 28 eV EFEHE 31 V; 4
i 2. 2 /WA 5 (multiple reaction
monitor, MRM ) ; 414 &5 - X . &l 58 m/z 118.0—
59.3,dy— Ft 3£ B m/z 127.3 —68.3, JH m/z
104.3—60.2, d9-I0f# m/z 113.3—69.2,,
1.5 MEARALIE

30 wL i sobn i R R oI 3 AR AR
2 IR, TR IR 215 4 °C 13 000 xg B> 10 min,
HCEVE (29 100 wL) 22 EFAE (DNA $2BGR50 & A
Bi),4 °C .3 000 x g B0 2 min, B+
(IR (24 90 W) 58 28 2 B HERRI, LA
1.6 FHiEFENHN

HHE Guidance for Industry Bioanalytical Method
Validation ™ #EA T , B 03 A A< 34 8 52 I o B34 (L i
(iR
1.6.1 #rfw & mARE SR U AR
R A A AL T 0 S, DL P A 0 T AR 5 B A
TR R LB R PN AR A, o it e 3 A A Al 22 il
PRUERN S o R RH CEC I B < br o B W %
It B B¢ & 0.05.0.10,0.25.0.50.0.62.1.25 .6.25
pmol /L, BEANMR I 3 7y, B RE R ME 2 Ik, iELL
ME 5d, PLMRYH CV < 20%0) &/ NEEE N
FAAE 5 FR (the lower limit of quantitation, LLOQ) ,
1.6.2 B AZBEMEE UL, PG
S0 : B6 BT B8 ;LA : C4..C6 .C8) H RN I,
BEANRRE 3 0y, M REE MG 5 W, ESEE 5 d,
163 CE#MA RGNS HHEABIL 1:1 205510
A B6.B7 B8 Fll C4.C6.C8, &% 3 1y, % 4%
W 3 d, IR IR = [ O i 2%k B -
FINBRAE M ) /IMAFRUER AL ] x 100%
1.7 e

INTEAE T 15% W B A8 A6 R v] 35 32 Fa e



408 FILRAE A (B2 R

HRNE

PR, B FEAR S 500 O AT I 22 43 A
oA,
1.7.1 R AR R AR E AR A S R
SITEC 10 458 T VKAH (4 °C) FIE IR IREE (25 °C) 78
SYEMINREH 0.3.6.12.24 48 72 144 h i ik
ATREAR L BRI 7 BRI 5
1.7.2 REA& MK 10 8 R E TR -80 °C &
R 24 h, IR 30 min, WEIRIR AT, REAS b B 3T
ME ,-80 °C Y2 Uk 24 h, TE¥ 3 1K,
1.7.3  AFIFAEARGAE TN FRIRFEALL B
J B K ML S B & T 4 °C vKAE ,24 h J5
STINE , A U 2 25 SR i A2 4k
1.8 #iMF XA

B 15 e B vk [ B R e
TSI R 2 I a2 v R SR O AT 2 AR K -

2 % X

21 BESB. RIEKRNER

i BRSO B 1 (3 S5, 3R b i A SR Bk
FIEBRAT 2 [ Ao, W AURSUE TE M, IR BER
o AT S0 ) O B4 5 B A7 3.0 min,  JEBBUAT do—HH B
PRBEETE] R 2.8 min, P& 1 S5 5 R S e A
BIAREH ) MRM &, SRR S 35.63 wmol /L,
i 25 ELBRE ) VA 2R 7.81 pumol /L,
2.2 AERZFIEM
22.1 #FEWLF LLOQ  7E 0.62 ~ 400 pmol/L
JE R, X TR SR . Y = 0.0119X +0.0345, 7% =
0.9996,LLOQ & 0.62 pmol/L(CV = 9% ) ; %} FJH
.Y = 0.0321X +0.0406,r2= 1,LLOQ } 0.62 pmol/L
(CV=12%;K2),
222 BA., BREMEEZEHE X THIZEM
AW AA, A R H PN A X B v 22 (relative
standard devition, RSD) /NTF 8%, HI[a] RSD /hT
15%; 1A 43 HIHE 90.03% ~ 103.88%F1 94.15%
~ 103.70% , i & A HTER (R 1)
23 TEM
23.1 HRABEARE  fE4°C825 °CIRAT,
M35 88 3 h e S ik B s, AR fe i
15%., *T A6, 4 °C SRAFET, HAE 48 h NI
A/INT 10% , o e b3 25 °C AR4F 76 6 h B
B AR AL K ) -26.04% , 22 Jm Houk B B kg
I, & 144 h BAEALIRF] 102.03% , %F T 53208, 16

x 10 [ESI TIC MM Frag=31. 0V CID828.Q (k% -> ¥%) &.6s1-6.4
1 f

|
Il .
il ~—Betaine

F N

x 1P =ESI EIC:1 MRM Frag=31.0V CID€2E.0 (127. 3000 -> 68. 3057) 6.6s1-6.4

1 « 3floss
4
2] d9—-hetaine

s 1¥ <ESI EIC:4 MRM Frag=31.0V CID€ZE.0 (103. 9000 —> 60.2951) 6.6s1-6.4

0.5

sc ¥ <ESI EIC:3 MRM Frag=31. 0V CID&28.0 (113.3000-> 69. 2032) 6.651-6. 4

1 « 803
14 |
|
ey / '%—dgfc]m]jne
A
A )
65 1 1.5 2 25 3 35 4 45 5 55 6

1 IR APEERE SR MRM & E

Fig.1 MRM chromatogram results of a plasma sample
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Table 1 LLOQ, recovery, within-day and between-day RSD of the method

(pmol/L)

Analyte  LLOQ(n =10) Endogenous Added Recoveries(%)  Within-day(%,n = 15) Between-day (% ,n = 15)
Choline 0.62(CV = 12%) 7.32
6.25 94.15 5.85 13.26
25.00 103.70 5.43 7.60
100.00 99.13 5.10 4.54
Betaine  0.62(CV=9%) 35.25
25.00 90.03 7.30 8.10
50.00 97.83 5.67 5.29
100.00 103.88 3.60 2.70
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Fig.3 Comparison of changes of betaine concentration in

plasma and serum when stored at 4 °C or 25 °C at various

time point
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Fig.4 Comparison of changes of free choline
concentration in plasma and serum when stored at 4 °C or

25 °C at various time point
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Fig.5 Stability of betaine and free choline in plasma and

serum over three freeze-thawn cycles
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Table 2 Percentage changes of free choline and betaine concentration in plasma when stored at 4 °C or 25 °C at various

time points up to 144 h

Choline (n =10)

Betaine (n = 10)

Time (h)

4°C 25°C 4°C 25°C

-9.10 -26.04 5.97 8.62

7.90 -19.72 39.94 23.11
12 4.40 -10.44 58.73 44.95
24 4.60 4.40 225.01 236.49
48 8.80 22.55 232.23 228.76
72 34.41 56.71 368.14 394.25
144 81.83 102.33 466.16 482.82

The concentration of free choline and betaine at 0 h were 7.59 and 27.26 pmol/L.
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