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bstract

A liquid chromatography/tandem mass spectrometry (LC–MS/MS) method was established for the determination of 5-aminoimidazole-4-
arboxamide (AICA) in human plasma. The method included a solvent extraction of AICA as an ion pair with 1-pentanesulfonate ion and a
eparation on a Hypersil ODS2 column with the mobile phase of methanol–water (68:32, v/v). Determination was performed using an electrospray

onization source in positive ion mode (ESI+). Multiple reaction monitoring (MRM) was utilized for the detection monitoring m/z at 127 → 110
or AICA, and 172 → 128 for IS. The calibration curve was linear within a range from 20 to 2000 ng/mL and the limit of quantity for AICA in
lasma was 20 ng/mL. RSD of intra-assay and inter-assay were no more than 5.90% and 5.65%.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Orazamide, which is composed of one molecule of 5-
minoimidazole-4-carboxamide (AICA), one molecule of orotic
cid and two molecules of water, is used clinically for the treat-
ent of hepatitis and cirrhosis [1–3].
The nucleoside of AICA (AICAR) is internalized and

ecomes phosphorylated by adenosine kinase to form AICAR
ono-phosphate (AICA ribotide, ZMP), an intermediate in the

ate steps of de novo purine biosynthesis [4]. In hepatocytes,
ICA can inhibit the fatty acid synthesis, sterol synthesis and
luconeogenesis [5–8]. The structures of orazamide and AICA
re shown in Fig. 1.

In order to investigate the pharmacokinetics of AICA
ehavior after oral administration of orazamide, a sensitive
etermination method was expected. Detection of AICA in
iological fluids by high-performance liquid chromatography
HPLC) with ultraviolet detection [9,10] has been reported,

ut it lacked sensitivity. In addition, a capillary electrophoretic
ethod for screening of patients with AICA-ribosiduria has

een reported [11]. The method is based on the direct ultra-
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iolet detection of AICA and AICAr in untreated urine.
owever, an LC–MS/MS method suitable for the analysis
f AICA has not been reported. In this paper, we reported
sensitive LC–MS/MS analytical method with novel sam-

le preparation strategy for the determination of AICA in
uman plasma. The method has been successfully applied to
tudy the pharmacokinetics of orazamide in healthy volun-
eers.

. Experimental

.1. Chemicals and reagents

Orazamide and metronidazole (internal standard) (>98
urity) were kindly donated by Guangdong Xianqiang Phar-
aceutical Co., Ltd. (Guangzhou, China). The test preparation
as orazamide capsule, which weighs 100 mg, containing 40 mg
ICA per capsule (Guangdong Xianqiang Pharmaceutical Co.,
td, Guangzhou, China). Ion-pair reagent 1-pentanesulfonate
odium salt was purchased from Shandong yuwang Co., Ltd.

Shandong, China). Methanol was of HPLC grade (Tedia CO.,
NC, USA). Ethyl acetate of analytical grade was purchased
rom Nanjing Chemical Reagent Co. (Nanjing, China). All other
eagents were of analytical grade.

mailto:chenxj-lab@hotmail.com
dx.doi.org/10.1016/j.jchromb.2007.04.036


X. Chen et al. / J. Chromatogr. B 855 (2007) 140–144 141

and 5-

2

u
U
(
m
fl
a
2

2

s
m
L
d
o
t
1
a
C
a
a
z
A
w
(

2

w
a
a
v
p
w
p
a

2

w

a
I
a
g
t
i
l
a

2
s

p
t
5
t
t
m
a

0
o
t
p
d
t

2

g
i
w
p
m

m
p
l
d
i

Fig. 1. Chemical structure of orazamide

.2. Liquid chromatography conditions

HPLC–MS/MS analyses were performed using a Varian liq-
id chromatography system with two prostar pumps (Varrian,
SA). AICA and IS were separated on a Hypersil ODS2 column

5 �m, 4.6 mm × 150 mm I.D., Elite Co., Dalian, China). The
obile phase consisted of methanol–water (68:32, v/v); and the
ow-rate was 0.5 mL/min. Test samples were introduced using
410 auto-sampler (Varrian, USA) with an effective volume of
0 �L.

.3. Mass spectrometry conditions

The mass spectrometer was operated using an electro-
pray atmospheric pressure ionization source in positive ion
ode (ESI+) with multiple reaction monitoring (MRM) (Varian
C–MS/MS-1200L; Varian, USA). The voltages of the nee-
le, shield, capillary, the first multipole offset, second multipole
ffset, inter-multipole offset, and tube lens offset were auto-
uned using infusion injection. The detector voltage was set at
.7 kV. Drying and nebulizing (N2) gas pressures were 28.2 psi
nd 54.8 psi, respectively. Drying gas temperature was 380 ◦C.
ollision energy was −13 V for AICA and −10 V for IS, sep-
rately. Collision cell pressure was 2.0 mTorr. The precursor
nd product ions selected to monitor AICA and metronida-
ole (IS) in MS/MS transitions were those at m/z 127 > 110 for
ICA and 172 > 128 for IS, respectively. The chromatograms
ere integrated using a Varian version 6.6 workstation.

Varrian, USA).

.4. Preparation of work solutions

The stock solution of AICA was prepared at 200 �g/mL in
ater. A series of working solutions of AICA were prepared

t concentrations of 0.2, 0.5, 1, 2, 5, 10 and 20 �g/mL by seri-
lly diluting the stock solution with water in separate 10 mL
olumetric flasks. A solution containing 2 �g/mL IS was also
repared by further diluting the stock solution of 100 �g/mL IS
ith methanol. 1-Pentanesulfonate sodium salt (4 mM) was pre-
ared in water as ion-pair regent. All the solutions were stored
t −4 ◦C.
.5. Sample preparation

1-Pentanesulfonate sodium salt (4 mM) in water (100 �L)
as added into the plasma sample (0.2 mL) as ion-pair reagent,

d

3
t

aminoimidazole-4-carboxmide (AICA).

fter adding 20 �L of metronidazole (2 �g/mL, in methanol,
S) the plasma samples were then extracted with 4 mL ethyl
cetate. The organic layer of 3 mL was removed after centrifu-
ation and separation. Then the extracts (3 mL) were evaporated
o dryness in vacuum at 50 ◦C. The residues were dissolved
n 500 �L of 70% methanol and loaded 20 �L onto the ana-
ytical column using the previously described mobile phase by
uto-sampler.

.6. Preparation of calibration samples and quality control
amples

The calibration curve samples were prepared in 0.2 mL of
lasma, by adding aliquots of the stock solution of AICA
o drug free plasma at concentrations of 20, 50, 100, 200,
00, 1000 and 2000 ng/mL. Then the plasma samples were
reated according to the sample preparation procedure men-
ioned above. The peak-area ratios of AICA to IS were
easured and plotted against the respective concentration of

nalyte.
The quality control samples (QCs) were prepared in

.2 mL of plasma, by adding aliquots of the stock solution
f AICA to drug free plasma at three different concentra-
ions (50, 200 and 1000 ng/mL) to determine the accuracy
recision and stability of the method. The QCs were
ealt with in the same manner as the sample prepara-
ion.

.7. Method validation

The method validation was conducted according to the SFDA
uideline for bioanalytical methods validation for human stud-
es [12]. Six blank human plasma samples and plasmas spiked
ith LOQ concentration of AICA were extracted by the sample
reparation method described above to assay the specificity and
atrix lot-to-lot reproducibility.
The accuracy was calculated as a percentage of inter-assay

easured concentration to the nominal one. The intra-assay
ercentage relative standard deviation (%RSD) was calcu-
ated according to the determination of five QCs in one
ay. Otherwise, the inter-assay %RSD was calculated accord-
ng to the determination of the QCs daily on five separate

ays.

QCs were stored at −20 ◦C to assess freeze-cold stability (0,
, 5, 7 and 14 days); Freeze–thaw stability was checked through
hree freeze–thaw cycles (−20 ◦C to room temperature). The
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ig. 2. MRM chromatograms of: (A) blank human plasma, (B) human plasma
.0 h. AICA channel: m/z 127 → 110; IS channel: m/z 172 → 128.

tability of AICA in extracts was also examined after 0, 4, 8, 16
nd 32 h of storage at room temperature.

.8. Drug administration and sampling

Each of 20 healthy volunteers was orally administered of
wo capsules of orazamide, which contained 80 mg of AICA.
lood samples (3 mL) were collected by venepuncture at 0,
.25, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0 and 6.0 h after admin-
stration. Plasma samples were obtained by centrifugation of
lood samples at 4000 rpm for 5 min and stored at −40 ◦C until
nalysis.

. Results

.1. Chromatography

The LC–MS/MS method described above provides a good
eparation of AICA and IS from the other indigenous plasma

onstituents and maintained fine peak shapes. Fig. 2 shows the
hromatograms of blank plasma (A), plasma spiked with AICA
200 ng/mL) and IS (B), and plasma obtained from a volunteer
fter 1.0 h (C). The retention times were about 3.5 min for AICA
nd 3.7 min for IS, respectively.

t
T
p
F

able 1
ecovery and precision for the determination of AICA in human plasma (n = 5)

dded concentration (ng/mL) Intra-assay measured concentration Recovery
Mean ± SD (ng/mL) Mean ± S

50 48.4 ± 2.8 96.96 ±
200 195.6 ± 11.6 97.72 ±
000 972.8 ± 32 97.28 ±
d with AICA (200 ng/mL) and IS, (C) plasma obtained from a volunteer after

.2. Linearity and LOQ

Linear least-squares regression analysis of the calibration
raph demonstrated linearity in the range of 20–2000 ng/mL.

typical standard curve (r = 0.9996) could be described by
he equation As/Ais = 0.3565C − 0.0024. Representative chro-

atograms of extracted plasma samples spiked with LOQ
20 ng/mL) and ULOQ (2000 ng/mL) of AICA and IS were
hown in Fig. 3.

.3. Accuracy, precision and stability

The accuracy and precision of the method were found to
e well within the acceptable limits (Table 1). No significant
oss of AICA was observed in 32 h at room temperature and
o degradation was observed after three cycles of freezing and
hawing and after two weeks of freeze-cold (Table 2).

.4. Application of the method in pharmacokinetics

The LC–MS/MS method described above has been applied

o the pharmacokinetics study of AICA in human plasma.
he concentration versus time profile of AICA in human
lasma after single oral dose 80 mg AICA is shown in
ig. 4. The main pharmacokinetic parameters Cmax, t1/2, tmax,

(% nominal) RSD% Inter-assay measured concentration RSD%
D Mean ± SD (ng/mL)

5.53 5.70 49.6 ± 1.2 2.46
5.72 5.90 191.6 ± 10.8 5.65
3.23 3.30 972.4 ± 32.8 3.37
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Fig. 3. MRM chromatograms of (A) human plasma spiked with AICA at LOQ (20 ng/mL) and IS, (B) human plasma spiked with AICA at ULOQ (2000 ng/mL)
and IS in calibration curve. AICA channel: m/z 127 → 110; IS channel: m/z 172 → 128.

Table 2
Stability of AICA after storage under indicated condition

Nominal
Concentration
(ng/mL)

Room (n = 5) Freeze-cold (n = 5) Freeze-thaw (n = 3)

Measured concentration
(mean ± SD)a

RSD (%) Measured concentration
(mean ± SD)b

RSD (%) Measured concentration
(mean ± SD)c

RSD (%)

50 50.0 ± 5.6 11.3 46.8 ± 3.6 7.9 46.0 ± 2.0 4.2
200 226.0 ± 15.5 6.9 181.6 ± 6.4 3.5 177.6 ± 2.8 1.6

1000 1049.6 ± 85.2 8.1 984.4 ± 17.6 1.8 980.4 ± 10.8 1.1

a Mean ± standard deviation, average of concentration in 0, 4, 8, 16, 32 h.
b Mean ± standard deviation, average of concentration in 0, 3, 5, 7, 14 days.
c Mean ± standard deviation, average concentration of 1, 2 and 3 freeze–thaw cycle

F
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4
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ig. 4. Mean plasma concentration–time profile of AICA after single oral dose
f 80 mg of AICA to 20 healthy volunteers.

a
i
g
A

s.

UC0∼t are 627.6 ± 182 ng/mL, 1.98 ± 0.62 h, 1.33 ± 0.34 h,
51.2 ± 318 h ng/mL, respectively.

. Discussions

AICA, which is a basic compound, is difficult to be dissolved
n any organic solvent, including ethanol, aether, chloroform,
tc. In the early stage of our study, a solid phase extrac-
ion of AICA from human plasma was established, but the
ample preparation process is complicated and with lower recov-
ry compared to the ion-pair extraction method which was
entioned above in this paper. Therefore, the use of an ion-

air reagent in the extraction enhanced the recovery of the
ompound.

In conclusion, when 0.2 mL plasma was used for extrac-
ion, the assay had a lower limit of quantification (20 ng/mL)
or AICA. In addition, this assay has been successfully

pplied to measure the concentration of AICA in plasma
n healthy volunteers who has been treated with sin-
le oral doses of orazamide capsules containing 80 mg of
ICA.
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