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1.1 E5RH
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BCA ML HBNIEFERS . ARAR A ] AR K
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VNG
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AR L %Y 4R —HN(EDTA). AL,
WK R oy A A A7) S5 K A B Al K (36
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R B2z Bt 4L H0); RPMI-1640 55 77 5 |
JBERE(EE Gbico AH]): R4 MiEWUMN T
YR EAEBR 2 7); MTT(SEE Sigma 24 7).
1.2 RERREYEC H
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THNER AT ST -ATP A SR A AR S, 2l R Al

IRV R 52 2515 51 40 mg/L (AR MERE £, ££-20C
TNREGLRAT . I IS 43 ) i A YN 4 A A R
MR E K 8.00 6.0 4.0, 2.0, 1.0. 0.5. 0.25.
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1.3 ik

O3 WSR2 2 Al LA A, 37°C TR B
TR % PR Ve AL 2 O, BE RIS N 490 wl & A7
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BV Jie TR 20 IR 7 24 2 min. 4°C, 12 000 g
250 Smin, AHEE LIEWCT EP T, 80 ul
KOH (2 mol/L)# i A1, TRA) 5 -20C §# & 3 h,
B4T, 12000 g, 5 min)BR LYY KCIO, BL_L
H, 48 0.22 pm B8 JEE T -20°C TRAFRHI.
1.4 &4
141 {040 Waters ACQUITY UPLC HSS T3 {7,
WA (2.1 mmx100 mm, 1.8 pm); FshH A N4
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4 9 L/min; Z5A648 K J1 4 275.9 kPa(40 psi). Ml
B MR R AR N R LR 1.

Table 1 MS parameters of ATP, ADP and AMP in the MRM mode

Compound Precursor ion (m/z) Product ion (m/z) Dwell time/ms Fragmentor/V Collision energy/V
ATP 636.7 508" 160 140 13
ADP 557 427.70 160 115 2
AMP 477.4 347.5Y 160 140 5

YQuantitative ion.
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A MTT(5 g/lL) 20 wl, K40 E 4 h 5L InA



2013; 40 (3)

F7, % BUSMRHERIE- RSN AERRERRENTERENA *275¢

DMSO 150 pl. 45856 i in, R B bR Ok
M A M. LRES 3 K. AR H 0
Z]Eg %H@ﬁﬂ%zol S o / A ng@gﬂ)Xloo%.

1.5.3 N LC-MS/MS £ Wl &1 R 22 ¥ K i 5%
AS549 A0 i N T R 1) B AR A . O HAE K )
AS549 4T, 435I LL 1108 AN Rl T 15 R8s 9%
R IR 5, S 48 AN ()R B 1) vy R 2245 R i 5L
(0, 125, 250, 500 mg/L)[{IR5F2M 4S5 24 h
JECERANNE, 4% 1.3 7 VAR A ke S, At b
BRI

2 FR5E

2.1 HERAIBARIERE

MAED A 2B 5 3R E ATP. ADP #il AMP
(1 e i F 2 i S PR PR T, I AR i SR i
IR HBICVE R 00, A R A 2R 1 0 B 1 e
ST, I s RIS, A1 M A R T A
AEAL, S8R EA 7 7y, ARECRIELN L
P IR IR 5E AR TN SRR . R FH UK b 75 24w
RS REATEA, DRIEIR TR 78 /0 B, n
ANERIR A WG, BRI 75 A B AT
TRIFRAARIRID AT, TEAE Y, 340 il e 4
41, [ 7S BRI A0 B A 20 P R R 7 00
BRIk, R G I P R 2
LRV S TR E I W R e RS
Jei s AR AT e E R AR PR Y, 3 h ST
TEPIAS TN, AU T 20 5 T S8 A T 1 v
FURE B, WD SIRAOIAE & BT ()5 i s,
22 BILFGRERE

AW HEE T ULHEE - K. LI - AR A H
AR g P s A DL K AR R 43 SIS I 0.1% FF R
10 mmol/L FHRARZEHEINT 3 P AR AFIR 1 (il 4T A
A FACFERE 5w . 45 8 57 AMP. ADP #ll
ATP 75 - i 280 AH 03 A 4 1 T IR B BRI 2%
A FH A IRk 2 i B8 2 - R R Sk i B A A e
TRAE 3 BRI IR 70 B RIAR B, PR T4 R P
PR AR T B, s O BRI I 8 1 X R AU b
WA T IRTTRR BT, N, N- ZHUJE O %
(DMHA)TE A 25 7~ % 571 bl DY 4 i 2 e 3h 2% SR 4
ANE FHEO ESUMS AT AN R 52 m el % A AR 5
Ry B AT WL e =i HSS T3 (i, mr L
FE AL G PR B T S ACHIRBIAE “ e .
A 1E FELAT (10725 1 X AR B R LAy I IR IR 2

(G N B+, A LR I ROAH iy RO A (45
PAZr B8, JF HAEWS FHIE 857 Brs e, (H2 & 1x)
X 71 DMHA 7 3L 80 AH H R B A 25 5% i 4% 1 IR
B FI ESUMS R B fEues, spag g5 R B, iR
b 8 mmol/L DMHA 1 & /K Pk s AH I, AMP,
ADP Fll ATP 7t ta 3 4 68 3R 15 R I 1 0 20 1 53 2
ROR. AT RIS LR (0 4y B FE RN T, AR SOR L
UL RO B B A R AT T Ak, 45 IR R,
PLZ G -8 mmol/L DMHA 7K I shAH, HE A
0.25 ml/min, #fEEGEBS A 0~5 min, 80% B,
5~7 min, 80%B &% 50%B, 7~7.10 min, 50%B
T4 95.0% B, 7.10~ 14 min, 4iff 95.0% B, FHi
h20C I, MR EmH. RSN &AL
K 8, 35 HAE 5 min A 52420 B (K 1),

1 2 3 4 5 6 7
Acquisition time/min

Fig. 1 Total ion chromatogram of
a mixed standard solution
A: AMP; B: ADP; C: ATP.
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Fig. 2 Full scan and product ion scan mass chromatogram of AMP, ADP and ATP
(a) Full scan mass chromatogram of AMP. (b) Product ion scan mass chromatogram of AMP (m/z 347.5). (c) Full scan mass chromatogram of ADP.

(d) Full scan mass chromatogram of ADP (m/z 427.9). (e) Full scan mass chromatogram of ATP. (f) Product ion scan mass chromatogram of ATP (m/z

507.7).
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Table 2 Linear ranges, regression equations, correlation coefficients(r), limints of detection (LOD)
and limits of quantification (LOQ) of AMP, ADP and ATP

Analyte Linear range/(pmol+ L") Regression equation r LOD/(nmol L") LOQ/(nmol*L™)
AMP 0.2003~16.0260 y=288.3601x+133.6346 0.9984 1.9291 1.9632
ADP 0.2342~18.7354 y=625.1710x-461.0345 0.9964 1.8794 1.9672
ATP 0.1814~14.5164 ¥=236.4044x-105.1955 0.9990 166.5 185.6

y: Peak area; x: Mass concentration, pmol/L.

25 EBIRESHEZE. ESH

3 5l 1) 40 LA rFAs i 0.1, 2 R4 mg/L 3 A
ANEKFEE ] ATP. ADP Hl AMP TR ARAEV IR,
FARAC R S A EBEA AR F RN 32 , TN AK T
(1 [ 3 FNAR X bR U O 22 (RSD). 45 KW, %07

T Y[R AT 23 FORG 8 B 1) RE IR B BESK (3R 3). HWUIH]—
FESAER— RN 4. 8. 12h JAFE 1. 2. 3 KT
TR, 455 %W, AMP. ADP Ml ATP /11 A
ZE(RSD)ST M 6.16% 5.13%K1 7.66%, H [f] i
ZZ(RSD) K 6.36% 2.74%F1 6.77%.

Table 3 Recoveries and precisions of ATP, ADP and AMP

Analyte Added/(mg*L") Found /(mg*L") Recovery/% RSD/%
ATP 0.1 0.0830 83.0 2.62
2.0 1.635 81.8 2.84
4.0 3.817 95.4 6.99
ADP 0.1 0.0818 81.8 5.11
2.0 2.140 107.0 1.75
4.0 3.640 96.0 2.11
AMP 0.1 0.0838 83.8 2.92
2.0 2.156 107.8 2.96
4.0 3.790 94.8 7.55
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250 & 500 mg/L){E T A549 41/l 24 h J5, *f
BT O A E T, H R IR A (K 3).

120}

S 100t

g

S 80}

]

§ 60+

£ 40t

=

A~ 20t
0

Control 125 250 500

p/(mg-L™)

Fig. 3 The effect of volatile oils of Alpinia officinarum

Hance on A549 cells proliferation
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AR T S A (1 S A PR T T R A4 ol v R B PR
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Fig. 4 Total ion chromatogram in A549 cell samples
A: AMP; B: ADP; C: ATP.

Table 4 Effects of cellular energy changes in A549 cell samples treated with volatile oils of Alpinia officinarum Hance

Control 125 mg/L 250 mg/L 500 mg/L
TAND 26.327 + 7.052 21.729 +6.736 20.684 +0.122 5.087 +0.822
ECP? 0.456 +0.001 0.441 + 0.002 0.437 £ 0.025 0.367 +0.023
ATP/TAN 0.211 +0.021 0.208 + 0.015 0.190 +0.008 0.128 +0.001
ADP/TAN 0.490 +0.039 0.479 + 0.050 0.482 +0.049 0.479 +0.049
AMP/TAN 0.299 +0.015 0.313 £ 0.035 0.328 +0.041 0.393 +0.047
AMP/ATP 1.425 +0.057 1.503 + 0.062 1.724 £ 0.138 3.076 +0.334

D Total adenosine nucleotides; TAN = [ATP] + [ADP] + [AMP]. ? Energy charge potential; ECP = ([ATP] + 0.5[ADP])/TAN.
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Abstract The change of intracellular adenosines concentration is the sensor of cellular energy metabolism
changes, and it will contribute to monitor the effect of drugs on cellular energy metabolism with establishment of
high performance liquid chromatography-tandem mass spectrometry to detect intracellular adenosines
concentration. The adenosines of cells were extracted by ultrasonic extraction with perchloric acid containing
Na-EDTA. The chromatographic separation was achieved with a UPLC HSS T3 column and waters containing
8 mmol/L N, N-dimethylhexylamine (DMHA) and acetonitrile as mobile phases at 0.25 ml/min flow rate. The
identification and quantification were achieved by using ESI-MS/MS in positive ion and with multiple
reactions monitoring (MRM) mode. With linear ranges of AMP ((0.1814 ~ 14.5164) wmol/L), ADP ((0.2342 ~
18.7354) pmol/L) and ATP ((0.2003 ~ 16.0260) wmol/L), the external calibration method was well used for the
quantitation, and the correlation coefficient of AMP, ADP and ATP were 0.9984, 0.9964 and 0.9990 respectively.
The limit of detections (LOD, S/N > 3) of AMP, ADP and ATP were 1.9291, 1.8794 and 166.5 nmol/L, and their
limit of quantifications (LOQ, S/N > 10) were 1.9632, 1.9672 and 185.6 nmol/L, respectively. The recoveries of the
spiked standards varied from 81.8% to 107.8% with relative standard deviations (RSDs) less than 7.55%. The
intraday precisions of AMP, ADP and ATP were 6.16%, 5.13% and 7.66%, and their interday precisions were
6.36%, 2.74% and 6.77%, respectively. The method was fast, simple, sensitive and suitable for the quantitative
analysis of AMP, ADP and ATP in cell extracts. Analysis of AMP, ADP and ATP in human lung cancer A549 cells
treated with different concentration volatile oils of Alpinia officinarum Hance, the results showed that the total
level of cellular adenylate energy and ECP were decline with concentration dependence. The levels of ATP/TAN
were decreased significantly when the concentration was 500 mg/L but the level of AMP/ATP in A549 cells were
increased with concentration dependent. It was suggested that the volatile oils of Alpinia officinarum Hance
inhibited cell proliferation by affecting the cellular energy metabolism.

Key words high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS), adenosine,
energy metabolism, A lpinia officinarum Hance
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