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FEE AT T RO (A R R 1 (HPLC-MS/MS) i 22 B2 40 LW o i w8 0 4% 15 FR (CMP) | Jjit 1
M1 H TR (AMP) | 5 0% 4% 1 TR (GMP) | R e % 4% (UMP) (YK 8 BE M 4% H R (IMP) %5 5 Fiz R &
St T O O R N 2 R AL R R 4 T R UK R BSUR BLAZ T 8 3 M TR R D A AE TG 1K
ACQUITY UPLC HSS T3(2. 1 mmX 100 mmX 1. 8 pm) & 35% AE 43 %, L 5 mmol/L H % & 7 W A1 2 T
R ST R BE VDL . SR FH B S OE B U AR TR E B LA 22 SO M TN (MR VD) 8 20347 B 3% 43 47
GEIREY T S A EAES HAEEEANLERR BT MAXREY KT 0.998, M FE N
74.2%~110. 7% AHXF R fE R 22 7E 0. 8% ~5. 3% Z [A] (n=6) , CMP,AMP,GMP,UMP.,IMP ] % it FR
4352 0.7,0.1,0.7.3.3.0. 6 mg/100 g, %7k R MR & M LE 2 B R, T T 2L
MR =,
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Determination of Nucleotides in Infant Milk Powder by High

Performance Liquid Chromatography-Tandem Mass Spectrometry
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Abstract: Nucleotides are biologically important small molecules composed of a nitroge-
nous base, a five-carbon sugar (ribose or deoxyribose) and at least one phosphate
group. They play important role in improving gastrointestinal tract repair after damage,
maintaining the immune system and regulating lipoprotein metabolism. Nowadays the
role of dietary nucleotides has been paid increased attention in infant nutrition. Dietary
nucleotides are crucial to maintaining normal growth and development in infants. There-

fore the contents of nucleotides in infant milk powder become important. A method for
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the determination of five nucleotides (cytidine 5’-monophosphate (CMP), guanosine 5’-
monophosphate (GMP), uridine 5’-monophosphate (UMP), adenosine 5’-monophos-
phate (AMP) and inosine 5’-monophosphate (IMP)) in infant milk powder by high
performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS) was
developed. The nucleotides in sample were hydrolyzed by alkaline phosphatase to the
corresponding nucleosides. The nucleosides were adsorbed by selective boric acid solid
phase extraction. After purification and elution, the chromatographic separation was
performed on an ACQUITY UPLC HSS T3 column (2. 1 mm X100 mmXx1.8 pm), and
gradient eluted by 5 mmol/L. ammonium formate and acetonitrile, and analyzed by
HPLC-MS/MS in multiple reaction monitoring (MRM) mode via positive electrospray
ionization. The contents of nucleotides were quantitatively analyzed by internal standard
method. The results showed that the linear ranges of five nucleotides in infant formula
are good, the correlation coefficients are above 0. 998. Five kinds of nucleosides can be
separated within 8 min. Cytidine, inosine and guanosine are all linear in the concentra-
tion range of 5-200 pg/L, adenosine and uridine are linear in the concentration range of
1-40 pg/L and 25-1 000 pg/L. respectively. The recoveries are between 74.2% and
110. 7% with the relative standard deviations from 0. 8% to 5. 3% (n=6). The limits of
quantitation of CMP, AMP, GMP, UMP and IMP are 0.7, 0.1, 0.7, 3.3, 0.6 mg/100 g,
respectively. In order to study the accuracy of the method, 3 infant milk powder were
analyzed. The method is sensitive, accurate, has good reproducibility and is suitable for
the simultaneous determination of nucleotide content in infant formula products.

Key words: high performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS) ; milk powder; nucleotides; nucleosides; multiple reaction monitoring
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HALREOTEZ L)LYk 5 ML IR & &
1 KIES
1.1 UB5iKF

Triple Quad 5500 ¥ AH €4 1155 1% B¢ FHAX
FE AB SCIEX 23 w) 77 iy s 15 i 48 35 4« 103 JiE
TRA A PR TKA 2077 5wl B0 AL 2
Thermo 23w 7 it s B AWK 14X« K He T 1 B}
BABRA =0

HEE. O ik 9, {5 B Merck 24 ] ™
i R . L TR 50K « (% 9% . 55 [H Sigma 24
)7 s Affi-gel 601 3¢ [E Bio-Rad Laborato-
ries 23 F) 7 i s BRI T8 8 O B 4 W 2 B
5% [ Sigma 23 w77 s SEH HIK : H Milli-Q #Y
e i K A 5

if 5 0 A% 1 1R (CMP) (4 i =99 %) | 13 1
W KT R (GMP) (4l B =99 %) | Ik W e % 17 iR
(UMP) (4l =98 %0) IR #0412 1 ik (IMP)
(Ll EZ=9800) | Ji BE WS % 1 R (AMP) (4 i =
97 %) R WEWEALF (U) (4l B =99 %) | Jfd 15 g
A (O) (Al ==99. 0%6) | it 204 % 7 (A (4l
JEZ=99%0) KB IEMSAZ AT (D (S =990 . 5
W A% (G (4l BE =98 %) bk e i« ¥ 35
Sigma Aldrish 2> 7] 7 5 5 17~ CJifg ms g 4% 1 (4l
BE100%).1',2",3",4",5"-1 C 12 1 04 4% 1F (46
BE100%) .17, 2", 3", 4", 519 C vk o % 1
(4l 100%0) N b5 9 5 : ¥ 38 B Omicron
Biochemicals/y &) 7= i
1.2 fRAEBERNE S
1.2.1 A& PRERIR SR R T 1
HaPREL 10 mg 5% H . A 0.1 mol/L NaOH
WA, B2 10 mL P Bk 2y 1.0
g/ L bRt a5 . T 2~8 “CHiff.

H2% A TR At 25 A Y V5 VR - E A PRI 10 mg 4%
AR FK I B4 2 10 mL AR . 15
F 1.0 g/L bRl T 2~8 CHiff.
1.2.2 RAEFHEDEW B E S b E T E
T < 4 ) T o BB A A A AR ME TR U T
5 mLZE & K GE 25 . B0 ) 5 L i Ik
B EEMAZ T O 40 mg/L, Rl 8 mg/L, K
200 mg/ L A% TR A 4w v A .

AT TR VR G s o v (B0 9 - 43 S0 o i et LS
HIEH RS ERER T 5 mL & 5.

K 5 T ) S IR ML R L U R S AT
B2 40 mg/L, JRIFER A 8 mg/L, JR R N
200 mg/L (A% 1T BRIE A br o T RV

1.2.3  NARfilf & o0 B ME B AR IR 4
10 mgffy 1'-" Cfgmg ne % 5.1, 2",3",4",5"-1°C
WHE S AR 17, 27,3 .4, 5/ C 5 I %
T 700 KSR T E 4R E 10 mL 4
T3 1.0 o/ L & WA &R T 2~
8 CH#Af -

1.2.4 HWiHREA TE®R BHIO0.1 mL KK
Prfi £ W T 10 mL 25 &, K & 25, 15 2
10 mg/ LI NARIE A TAEW . T 2~8 CH#ff.
1.2.5 RET/ERER BUSEMZTIRSG
PR EVE T 5 A4~ 10 mL 8. 40 50 m A
0.1 mL WHRE G LAEW 8K E R IFRTIRE
& % E A iR N, 4T HPLC-MS/MS
I3

1.3 HmETaE

1.3.1  GPERRRREEVA M IC K B 20 pL Bl
5 PR BE B X ). A1 5 mL 0.5 mol/L [ B2
(pH 8. 75) ¥ b iR Wik ) 56 & V5 fift ) - IR AEAE
4 CyKFE R . TG ) Y R S i 2
12 U/50 pl,

1.3.2 Wl FEE R 45  MERR AL EL 50 mL
0.1 mol/L B R4 (pH 6.5) F 150 mL £k
LA S g Affi-gel 601 JERFIBENL . o & )&
FOSE et dE 4 h, A 50 mL 0. 25 mol/L #
FR# (pH 10. 5) If PE&E IS 2 K FF 1] 5 fg Ao
A 100 mL 0. 25 mol/L R4 (pH 10.5) .35 Jy
TP THE B304 70 TOBRE IS . 4% 0. 7 mlL % I I 4K
GBI AN 2 mL B0E PR
1.3.3  MEAh A B IR TE 6 ol IR it A
FH R 7K it 0 MR W 0 %17, s TR 1. e BRI
10 g Wby, R K 58 43 W5 % JF 2 45 T 100 mL
R MEFMBE 1 mL £ 10 mL .08,
W ELE A 1T mL 0.5 mol/L i B2 % % i)
(pH 8.75) .50 pL 30%#%(7K .50 pL 1 mol/L
SALBEIE T .50 L 10 mmol/L &7 BR B ¥ AN
50 pLL B PR R BE VS W IR A JE L AE (3722) C
fEVEBE PR L 165 r/min 835 2 h. BUH B0
LAMIZ WM 12,5 mL 0.5 mol/ L B R 8 7
TR 20 R 2 20 mL A H
IKGEZS BRI AT 17 B IR B IS 1AL
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Fig. 1 Hydrolysis of adenosine nucleotide to adenosine nucleoside at alkaline phosphatase
L.3.4 FEdhigfl BBUCHSes 0.7 mL Affi- - FARRER KT 1 mL, HJADKERE 5 mL,

gel 601 Y 2 mL & .08, L2 000 r/min &[>
3 min, ER FIF®K. 03 A 1 mL 0. 25 mol/L
TR 9k 56 e Nl IR 1 % i (pHL 10. 5D, T e
B0 KRR B FRROIMA T mL 0. 25 mol/L
WM 2% vP i (pH 10. 5) , i g ik & 10~15 min,
T8 B 56 A e A R g T 5L B0 s b RV

MBI A 1 mL BE SR 0.1 mL
10 mg/L WAR IR & TAEW . k% 10~ 15 min,
PL2 000 r/min & 0> 3 min, 2 F 3 ¥ A
1 mL 0. 25 mol/L B2 41 2% vh ¥ (pH 10. 5)
PEBENE - L2 000 r/min B0 3 min, X4 1
B 1 mL R P PR SR L2 000 r/min &
A 3 min, 4 EWER. A 250 pL 5% H R
I TR THE 30 s 43 B J0e I e ik o A L
A 1. 75 mL R A6 R8 2 15 mL 304, 40 C

0. 22 pmn 7K AR AL U8 B6E 3 U8 5 o 5% 7% 2 A i
H L fF LC-MS/MS 5347

1.4 &G

1.4.1 @& @igf . ACQUITY UPLC
HSS T3 #(2. 1 mm X 100 mm X 1.8 pm); i
A : A 5 mmol/L HER# (pH 6.0),B K
B BE VR AR F:0~3.0 min(1%B), 3.0~
4.5 min(1%~10%B),4.5~5.0 min(10% ~
40%B),5.0~8.0 min(40%B),8. 0~8. 5 min
(40%~1%B),8.5~14.0 min(1% B); Ji .
0.3 mL/min; Kl :35 C s #EAERE 2 pL.
1.4.2 Ui & mmis & 7R (ESD., IE &
T BB S R 5 500 Vi By F iR
500 C, 5 BT AN 3 Fi AR B 1 W D0 5 - %)
P XRZHEI T 1,

x1 SMUSHUHRIESH
Table 1 Mass spectrometric parameters of 8 compounds
wam e THET Eﬂ‘ﬂ%_Eﬂ_E %ﬁﬁ%i GHQE\J‘_I‘EH
Compound A Parent ‘Product Collision Declusfermg I{letentlén
ion (m/=2) ion (m/2) energy/eV potential/V time/min
1'-8C Jfu g g 4% 17 245.1 112.0* 20 35 1.76
95.1 56 35
1'2'3"4"5"-13C 15 14 4 4 289. 2 152.0* 19 30 5.44
135.0 49 30
1'2'3'4'5'-13.C Y o I % 17 274.1 137. 1" 15 30 1. 86
110.0 55 30
TR T W 0 A A 269.0 137.0% 16 40 4. 86
119.0 54 40
it e W A 244.0 112.0" 18 40 1.76
95.0 55 40
PR 1 WE AZ 245.0 113.0* 19 40 2.45
96.0 46 40
T I A A 268.0 136.0* 24 40 6. 94
119.0 63 40
B I ALY 284.0 152.0* 22 32 5. 44
135.0 52 32

e x NEEET
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2.1 HIRREFEMRWK

B ILG A o Bk EE LR
7 4 AR R R W A R R DS A
A g 17 HPLC-MS/MS 73 #r . W #y v #% 4
P 7 P B TR T A4 AL K M BOAHE I B A%
P 3 I e 5 1 ) IR T A AR IBORE A% T Ay .
By A2 B PE 25 T . T AL B W 2 DA BE
oS 7

SIS T Waters Oasis MCX (150 mg,
6 mL) ., Waters Oasis HLB (200 mg, 6 mL) .
Affi-gel 601 BE ) 3 F & AH 25 BUAL 1Y ¥+ 1k &%
Heo G5 L MCX FE &b B8A% AR E &b
VWS R ResE R B 5 Mz, Hodh IR 1T AE
g% rp oK % HLB A X M L R 1 K fg
B TE B3 R 0 5 T Affi-gel 601 BEREXS 5
FiA% B0 & W) Ok B B ar . R, 9 Adfi-gel
601 BE BT T A% 1 Ak o OB A b VWA A
E 5 19 $0 8 B JC o B A ity TR B T 56 e ) o
R B AR O R TR R 2 2% B TR 4K T
VRBEIE - 25 B AR 45 1k 1Y 9 R E6 » B ARG X 5
T ASCRN (0, 35 A p0 45 FE . E 2 X R O L AR
PRI SR B TR . Al LAY T —
AUk AL R

SRy A T 596,102 .20 % B R K
WO VR ROCR By e 25 R R B W
i e B8 R A W B 1) ROR 52 i AS R, H Tl i
RIGLE 91.67% ~103.03% Z [6], % J& 5| H
PR R B2 2 0 J5 33 ASC N 5 3% A 7 A 52 R [ U
e FH S5 1K VA B2 A 5 0 FH R K T R AT TR
2.2 BIEFHNMRL

TERHIR B I B AH R . 20 3l %5 %8 T CORTECS
C18(2.1 mm X100 mm X 2.7 pum) il ACQUITY
UPLC HSS T3(2.1 mmX>X100 mmX1.8 pm)
CFEFEXT 5 M I B ALRE . KI5 AT
£ ACQUITY UPLC HSS T3 &t F¥AH
B r R A S PR R BB A s . H
Wt R4, A SLEG e HE 5 mmol/L R #% (A
HDFN I (B A ARy It 2l AH SR 7886 B2 0k e JF:
DAL BEERE 1+ 5 ol A% A o il A9 42 RS 10
Ik ER T 2,
2.3 BUEEMGHML

AR AZ T 45 4 SR P B I 2 1 fil

FHAB 5500 i AH 8 3% 538 Bk X A9 MSONLY
BT 1.0 mg/L 1 5 FAZH I 3 T AR 4 1Y
AR W AT B AL 1 B A B Y
B FE 2R A AR R F Hs (collision
energy, CE) fll & # Mg J& (declustering poten-
tial .DP) .31 F3% 1.

x10°
44F

3.8

32F 1_C76
2.6f
2.0f
14+ 2.45
0.8 M_/JL
0.2E ' . .

T
0.0 20 40 60 80
tr/min

Intensity

T T
10.0 12.0 14.0

U R G S
C. MUBEWERLH s A JREEAZH T RIS
B2 sHzERiRlRREFREEHRE
Fig. 2 Extracted ion chromatogram

of 5 nucleoside standards

2.4 HEFEER

2.4.1 RPN ASSEER N AR E L
A% s o 25 VB FH KA R S AN [ VR 2 1 A 1 R 91
AR ] B3R SO I A CSE &1 100 pg/L
3 Tl [R5 28 P AR VR, P R 2K A T TR
A LA M HF A 5.10,20,50,100,200 pg/L,
B A 1.2.4.10,20,40 pg/L, JRFFH 25,50,
100,250,500,1 000 pg/L B ¥ 1 £ 5 bF i T
YEW . TEPLAR AR 25 A0 T Rl T &L B
P49 06 T AR Coy) o T 9 3 (o) R AT R [l L 31
5 R AT LR AR R O R B A5 R8T
2, ATULLS R AEAS A PRI A Lk
KR R AHK BB R T 0.998,

2.4.2 KpHRR L E R B RUR R
FH S TS I &AL & AR HE T T DL 3 A% (5 1
b (S/ND g £t B S 10 4% 15 M2 L o 2 i R, 45
GAC A Y AE Wy Ry b F VWS N B, B
CMP.AMP,GMP, UMP. IMP [ H: [ 43 51
7 0.21.0.03,0.21.,0.99.,0.18 mg/100 g, i&
R4 0.7,0.1,0.7.3.3.0.6 mg/100 g,
B - R R T3 3.
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Table 2 Regression equations, correlation coefficients of 5 nucleosides

L& LT ARG R B
Compound Regression equation Correlation coefficient (R?)
WLt y=0.010992-+0. 00294 0. 9996
JioR&; y=0.00814x+0.01534 0.9999
PRAF y=0.001172—0. 00131 0. 9980
[oRT y=0. 008412 — 0. 00331 0. 9999
8t y=0. 162652-+0. 26217 0. 9981

K3 BEBERELREHY

Table 3 Conversion coefficients between nucleotides and corresponding nucleosides

L& BT B IR T B AL R B
Compound Molecular mass of nucleoside Molecular mass of nucleotide Conversion coefficient
T R I K% 1 R 243. 22 323.20 1. 3288
L, W A R 283. 24 407.18 1. 4376
PR B WE A A R 244.2 324.18 1. 3275
YR I AL R 268. 23 348.21 1. 2982
TR RN A% R 267. 24 365. 24 1. 3667

SR HRRAE A 75 %2 05 15 () [l YAg 3 AR 8
JFE . HEBRFREL 10 g JG U8 A% IR 19 95 B 6 i
MRKFE 3 9 € A 2 100 mL 2+ . 7>
I HERI AL UL mLF 20 mL ¢S, A 2 Y

R 3 PR BE AR B A% H R TR A b o v (]
WO AR TR A AR R RIOLAL 5 19 7 86 2547 Aip
Ab PR BN BEKF-HEAT 6 UCEAT I T 5 1
W 48 K AR XS B o f 22 (RSD) , 45 3 51 T 3% 4,

x4 PHPSHZERHEKE GHRIESR
Table 4 Recoveries, LODs and LOQs of 5 nucleotides in milk powder

[l%=27 Jids K ENES AR AR 1 Al 22 it R & R
Compound Spiked/(mg/100 g) Recovery/ % RSD/ % LOD/(mg/100 g) LOQ/(mg/100 g)
WL iR 2 87.2 4.0 0.18 0.6
5 82.5 0.8
10 82.8 1.4
L AR 2 94. 7 4.9 0.21 0.7
5 94. 4 3.8
10 110. 7 2.2
PRAT R 10 108. 1 2.6 0.99 3.3
25 95.1 3.2
50 93.7 3.1
517w 2 95.0 3.0 0.21 0.7
5 89. 3 3.0
10 91.2 2.0
J A R 0.4 74.2 5.3 0.03 0.1
1 91.8 4. 8
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AL 5 Bl A% R e S [T i R Ry 74204 ~
110. 7 Yo o AH X A5 o f 22 7E 0. 8 %6 ~ 5. 3% Z [H]
(n=06), ZJ5 I 0 HER BE RS %5 5 I E 5 1 1
LSSl BT P Rl

2.4.3 SLPREEMAIAT AT K 3 dtt bR IR
A TR 2 L8 R Ry AR S5 7 % ik
AR o B . 3 AR AR 28 & A R 3 A R
30.0.14. 6.45. 0 mg/100 g, SZFRM 15K 28. 7,
15.8.43.7 mg/100 g(n=2) , F 5 I EH E M
BLahy JLBC Ty & & o VR B O T R 1R

)
B,

3 it

AW R G T WM TR T R R ik
B o FH ma P o IR A B S R T R AR R R
T o ol FH T FR0E 5 R R A T 9 O BT Ok B A U
IR BN L BR AT H Y - 5 FH O 0K A% 1 R
o A58V 8 - R IR O S 0 M R A R R4 L
K 5 AR . 1% 7 AT DA e e R b R R
H bRk A 4 e Al 850 G 0 o A B, vl
T4 )L 7 Wk vh AT R A A
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