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a  b  s  t  r  a  c  t

A  HPLC  method  with  on-line  solid  phase  extraction  (SPE)  and column  switching  was  developed  for
simultaneous  determination  of 5-aminoimidazole-4-carboxamide  riboside  (AICA riboside)  and  its  active
metabolite  5-aminoimidazole-4-carboxamide  ribotide  (AICA  ribotide)  in nude  mice plasma.  Plasma  sam-
ple  was  deproteinized  by  adding  a half  volume  of  10%  trichloroacetic  acid (TCA),  and  the  resulting
supernatant  was  extracted  with  diethyl  ether  to remove  TCA.  50  �l aqueous  fraction  was  injected  onto  a
WAX-1 SPE  column,  and AICA  ribotide  was  trapped  on  the  SPE  column,  while  AICA  riboside  was eluted
from  the  SPE  column.  The  chromatographic  separation  of AICA  riboside  was  achieved  on CG16  column,
and  separation  of  AICA  ribotide  was  performed  on  HILIC-10  and  WAX-1  column.  The  columns  temperature
was maintained  at 40 ◦C,  and  the  optimal  detection  wavelength  was  268  nm  for  both  AICA  riboside  and
olumn switching AICA  ribotide.  The  total  analytical  run time  was  40 min.  The  proposed  method  was  linear  over  the  range
of  0.1–500  �g/ml  for  AICA  riboside  and  0.03–50  �g/ml  for AICA  ribotide.  The  lower  limit  of quantification
(LLOQ) was  100  and  30 ng/ml  for AICA  riboside  and  AICA  ribotide,  respectively.  The  sensitivity,  accuracy
and  precision  of  this  method  were  within  acceptable  limits  during  validation  period.  The  method  was
successfully  applied  to investigate  the pharmacokinetics  characteristics  of  AICA  riboside  and  its  active
metabolite  AICA  ribotide  in nude  mice  bearing  MCF-7  cell  xenografts.
. Introduction

5-Aminoimidazole-4-carboxamide riboside (AICA riboside,
ig. 1A), a cell permeable nucleoside, was the first compound
eported to activate AMP-activated protein kinase (AMPK) [1].  AICA
iboside is taken up into cells by adenoside transporters and is then
onverted by adenoside kinase to the monophosphorylated deriva-

ive AICA ribotide which mimics the effect of AMP  in activation
f AMPK [2,3]. AICA riboside has been shown inhibitory effects
n proliferation of a variety of human cancer cell lines in vitro
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[4–9] and in vivo [10,11]. The first patient was enrolled in a phase
I/II trial of AICA riboside treatment for B-cell chronic lymphocytic
leukemia in 2008 [12]. To evaluate the pharmacokinetics of AICA
riboside and its active metabolite AICA ribotide, it is very important
to establish a sensitive and reliable analytical method for deter-
mination of the plasma concentration of AICA riboside and AICA
ribotide.

High-performance liquid chromatography (HPLC) with ultravi-
olet detection has been developed for determination of either AICA
riboside or AICA ribotide in biological fluids separately [13–15].
A capillary electrophoretic method was  reported to detect 5-
aminoimidazole-4-carboxamide and AICA riboside in untreated
urine [16]. A LC–MS method has been used for the quantifica-
tion of urinary AICA riboside [17]. To the best of our knowledge,
no method for simultaneous determination of AICA riboside and

its active metabolite AICA ribotide in biological fluids has been
reported. This is because AICA ribotide is an anionic compound
while AICA riboside is a cationic compound, and they are difficult
to be separated simultaneously by one column.

dx.doi.org/10.1016/j.jchromb.2012.12.020
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:tianyanzhou@bjmu.edu.cn
mailto:luwei_pk@bjmu.edu.cn
dx.doi.org/10.1016/j.jchromb.2012.12.020
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de riboside (A) and 5-aminoimidazole-4-carboxamide ribotide (B).
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Table 1
Gradient program of left and right pump.

Pump Time (min) CH3CN (%) KH2PO4 (pH 2.5;
100 mM)  (%)

H2O (%) Flow rate
(ml/min)

Left pump

0 5 13 82 0.8
13.7 5 13 82 0.8
14 5 55 40 1
30 5 55 40 1
35 20 13 67 1
38 5 13 82 1
40 5 13 82 1

10-1 position to connect HILIC-10 column and WAX-1 column.
Fig. 1. Chemical structure of 5-aminoimidazole-4-carboxami

In the present study, we developed a HPLC analytical method
ith on-line solid phase extraction (SPE) and column switching for

imultaneous determination of AICA riboside and its active metabo-
ite AICA ribotide in nude mice plasma. The results showed that this

ethod was sensitive, accurate and reliable, and has been success-
ully applied to the study of the pharmacokinetics of AICA riboside
nd its active metabolite AICA ribotide in nude mice bearing MCF-7
ell xenografts.

. Experiments

.1. Chemical and reagents

AICA riboside (98%) and AICA ribotide (95%) were purchased
rom Toronto Research Chemicals (Toronto, Canada). Acetonitrile
as HPLC grade and was obtained from Merck Serono Co., Ltd.

Darmstadt, Germany). HPLC quality water was prepared using
 Nanopure water purification system (Thermal Fisher Scientific,
SA). All other chemicals used in this study were analytical grade.

.2. Instruments

The HPLC system was composed of a Dionex (USA) Ultimate
000 system equipped with DGP-3600A dual-gradient pumps (left
ump and right pump, Fig. 2), an SRD-3600 solvent rack with inte-
rated vacuum degasser, a WPS-3000TSL autosampler equipped
ith a 100 �l loop, a TCC-3200 thermostatted column compart-
ent with a two-position, ten-port (2P-10P) valve, a DAD detector

nd a Chromeleon chromatography data system.

.3. Chromatographic conditions

Acclaim Mixed-Mode WAX-1 (4.3 mm × 10 mm,  5 �m,  Dionex,
SA) was tested as the solid phase extraction (SPE) col-
mn  for analyte loading. An IonPac CG16 Guard Column
5 mm × 50 mm,  5.5 �m,  Dionex, USA) was used as the analytical
olumn for AICA riboside. Acclaim Mixed-Mode WAX-1 column

4.6 mm × 150 mm,  5 �m,  Dionex, USA) and Acclaim HILIC-10 col-
mn  (4.6 mm × 150 mm,  3 �m,  Dionex, USA) were used as the
nalytical column for AICA ribotide. The column temperature was
aintained at 40 ◦C.

ig. 2. Schematic of devices for the determination of AICA riboside and its active
etabolite AICA ribotide by HPLC with on-line SPE and column switching.
Right pump
0 2 1 97 1

40 2 1 97 1

The mobile phases A and B was  pure water and acetonitrile
respectively, and the mobile phase C was KH2PO4 (pH 2.5; 100 mM).
The mobile phases A–C were for both left and right pump. The opti-
mal  detection wavelength was 268 nm for both AICA riboside and
AICA ribotide.

The schematic of HPLC device was  illustrated in Fig. 2, and gradi-
ent program of left and right pump and program of valve switching
was presented in Tables 1 and 2 respectively. The steps are as fol-
lows:

Step 1. With the left and right valve in the 1-2 position, 50 �l sam-
ple was injected into the system. AICA ribotide was trapped on the
SPE column, while AICA riboside was eluted from the SPE column
by the right pump with CH3CN–KH2PO4 (pH 2.5; 100 mM)–H2O
(2:1:97, v/v/v) at the flow rate of 1 ml/min and subsequently sep-
arated by CG16 Column.
Step 2. At the time of 6 min, the right valve was  switched to the 10-
1 position to connect the SPE column and HILIC-10 column. AICA
ribotide was eluted from the SPE column onto the HILIC-10 column
by the left pump with CH3CN–KH2PO4 (pH 2.5; 100 mM)–H2O
(5:13:82, v/v/v) at the flow rate of 0.8 ml/min.
Step 3. At the time of 11.7 min, the left valve was switched to
AICA ribotide was  eluted from the HILIC-10 column onto the
WAX-1 column by the left pump with CH3CN–KH2PO4 (pH 2.5;

Table 2
Program of valve switching.

Time (min) Left valve location Right valve location

0 1-2 1-2
6  1-2 10-1

11.7  10-1 10-1
13.7 1-2 10-1
19  10-1 10-1
30.5  1-2 1-2

Note: When valve is in the 1-2 position, valve 1 connects to valve 2, valve 3 connects
to  valve 4, valve 5 connects to valve 6, valve 7 connects to valve 8 and valve 9
connects to valve 10, respectively. With valve in the 10-1 position, valve 1 connects
to  valve 10, valve 2 connects to valve 3, valve 4 connects to valve 5, valve 6 connects
to  valve 7 and valve 8 connects to valve 9, respectively.
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100 mM)–H2O (5:13:82, v/v/v) at the flow rate of 0.8 ml/min. At
the time of 13.7 min, AICA ribotide was completely eluted from
HILIC-10 column and the left valve was switched to 1-2 position
to flush endogenous substance to waste.
Step 4. At the time of 19 min, the left valve was switched to
10-1 position to separate AICA ribotide on WAX-1 column with
CH3CN–KH2PO4 (pH 2.5; 100 mM)–H2O (5:55:40, v/v/v) at the
flow rate of 1 ml/min.
Step 5. After analysis was completed, the left and right valves were
switched to 1-2.

.4. Stock solutions and calibration standards

Stock solution of AICA riboside was prepared in 0.1% H3PO4 (v/v)
t 10 mg/ml. The solution was further diluted with 0.1% H3PO4
o concentrations of 2, 10, 20, 200, 1000, and 5000 �g/ml. AICA
ibotide stock solution was prepared in 0.1% H3PO4 at 1 mg/ml. The
olution was further diluted with 0.1% H3PO4 to concentrations
f 0.6, 2, 10, 20, 100, and 500 �g/ml. Blank blood was collected
rom the ocular artery of BALB/c nude mice after eyeball removal
nd placed into heparinized tube, and then centrifuged at 1110 × g
or 10 min  at 4 ◦C to obtain blank plasma. Plasma calibration stan-
ards containing 0.1, 0.5, 1, 10, 50, 250, 500 �g/ml AICA riboside
nd 0.03, 0.1, 0.5, 1, 5, 25, 50 �g/ml AICA ribotide were prepared
y adding 15 �l AICA riboside and 15 �l AICA ribotide working
olutions into 270 �l blank plasma. Quality control (QC) samples
ere prepared by spiking blank plasma with independently pre-
ared standard stock solution to achieve final concentrations of
.2, 10 and 400 �g/ml AICA riboside and 0.06, 1 and 40 �g/ml AICA
ibotide.

.5. Sample preparation

100 �l 10% (w/v) trichloroacetic acid (TCA) was  added to 200 �l
lasma, the mixture was vortex-mixed for 30 s before centrifuga-
ion at 11,750 × g for 30 min. 200 �l supernatant was placed into an
ppendorf tube and 800 �l diethyl ether was added. The mixture
as vortex-mixed, centrifugated at 11,750 × g for 1 min, and the
pper organic layer was discarded. 800 �l diethyl ether was added
o the remaining lower layer, and this extraction procedure was
epeated a second time [18,19].

.6. Method validation

Method validation was performed according to the guidelines
uggested by the U.S. Food and Drug Administration. QC samples
ere processed in five replicates at each concentration level for
ve different analytical runs to validate this method in precision,
ccuracy, recovery and stability.

.6.1. Selectivity and specificity
Interference by endogenous compounds in plasma was assessed

y comparing chromatograms of blank plasma, blank plasma
piked with AICA riboside or AICA ribotide, and plasma samples
btained from pharmacokinetics studies.

.6.2. Linearity
Calibration standards were prepared and analyzed in triplicate

o establish the calibration curves range from 0.1 to 500 �g/ml for
ICA riboside and from 0.03 to 50 �g/ml for AICA ribotide. The

eak areas of AICA riboside and AICA ribotide were plotted against
he spiked AICA riboside or AICA ribotide theoretical concentra-
ions in blank plasma. Least-squares linear regression with 1/C2 as
eighting factor was used for curve fitting.
915– 916 (2013) 64– 70

2.6.3. Sensitivity
The lower limit of detection (LLOD) was defined as the concen-

tration with a signal of three times the background noise. Similarly,
the lower limit of quantification (LLOQ) which was  the lowest level
in the calibration curve corresponds to a signal/noise ratio of 10.

2.6.4. Precision and accuracy
Intra-day precision and accuracy were evaluated by analysis

of the three QC samples in five replicates on a single day. Inter-
day precision and accuracy were measured by assaying the three
QC samples on five consecutive days. Precision and accuracy was
expressed as relative standard error (RSD) and relative error (RE),
respectively.

2.6.5. Recovery
The extraction recovery of AICA riboside and AICA ribotide was

assessed by comparing the peak areas of extracted spiked plasma
samples with the peak areas of pure compounds with the same
concentrations in solvent.

2.6.6. Stability
Short-term, long-term and freeze–thaw cycles stability was

assessed by analyzing the three QC samples for five replicates.
The QC samples were analyzed after storage at 4 ◦C for 2 h and
at −80 ◦C for 2 weeks. Freeze–thaw stability was  evaluated after
three cycles (−80 ◦C/room temperature). Deterioration of each ana-
lyte was defined as a greater than 15% difference in the analyzed
sample versus the control at the nominal sample concentration.

2.7. Pharmacokinetics study

Female BALB/c nude mice (5-week-old, 18–22 g) were pur-
chased from the Experimental Animal Center, Peking University
Health Science Center. Mice were housed under constant temper-
ature, humidity and lighting (12 h light per day) and were allowed
free access to food and water. 2 × 106 MCF-7 cells (purchased
from cell bank of Cancer Institute & Hospital, Chinese Academy
of Medical Science) were suspended in 200 �l PBS, and inocu-
lated subcutaneously in mice’s right flank. When tumor volume
reached about 1000 mm3, the mice were randomly divided into
three groups (n = 8 per group) and were injected intravenously AICA
riboside (dissolved in PBS) at the dose of 200 mg/kg via the tail
vein. Blood samples were obtained from ocular artery after eyeball
removal and placed into heparinized tube at 5 min, 10 min, 15 min,
30 min, 1 h, 2 h, 3 h and 4 h after injection, and then centrifuged at
1110 × g for 10 min  at 4 ◦C. The upper plasma was collected and
stored at −80 ◦C before analysis. Animal welfare and experimental
procedures were strictly in accordance with the guide for the care
and use of laboratory animals.

Pharmacokinetics parameters of AICA riboside and its active
metabolite AICA ribotide in nude mice plasma after intravenous
administration were estimated by non-compartment analysis. Cmax

was the observed maximum concentration, and Tmax was  the time
taken to reach the maximum concentration. Mean residence time
(MRT) was  calculated as the ratio of the area under the first moment
versus time curve (AUMC0–∞) to the area under the plasma concen-
tration versus time curve (AUC0–∞). Half-life (t1/2) was calculated as

0.693 × MRT, and systemic clearance was  obtained from the equa-
tion CL = D/AUC0–∞ where D was  the dose of AICA riboside. The
apparent volume of distribution was calculated from the equation
V = D × AUMC0–∞/AUC0–∞2.
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Table 3
Intra-day accuracy and precision of AICA riboside and AICA ribotide in plasma (n = 5).

Analytes Nominal concentration
(�g/ml)

Mean ± SD
(�g/ml)

RE (%) RSD (%)

AICA riboside
0.2 0.20 ± 0.01 0.04 2.85

10 10.20 ± 0.18 2.03 1.74
400 441.45 ± 6.43 10.36 1.46

0.06 0.062 ± 0.004 0.13 6.26

Stability results of AICA riboside and AICA ribotide under vari-
ous conditions were summarized in Table 5. Freezing and thawing
did not have any detrimental effect on absolute concentrations of
AICA riboside and AICA ribotide spiked in plasma. No obvious trend

Table 4
Inter-day accuracy and precision of AICA riboside and AICA ribotide in plasma (n = 5).

Analytes Nominal concentration
(�g/ml)

Mean ± SD
(�g/ml)

RE (%) RSD (%)

AICA riboside
0.2 0.19 ± 0.01 −2.25 6.61

10 10.07 ± 0.78 0.77 7.72
X. Cheng et al. / J. Chromato

. Results and discussion

.1. Development of the HPLC method

The aim of this study was to develop a HPLC method for simul-
aneous determination of AICA riboside and its active metabolite
ICA ribotide in nude mice plasma. Previous reported methods

or separation of AICA ribotide which is an anionic compound was
chieved on anion exchange column [13–15],  while AICA riboside, a
ationic compound, can not be separated simultaneously by anion
xchange column. Thomas et al. have developed LC–MS method
or determination of AICA riboside in human urine, and the LLOQ
as 100 ng/ml [17]. However, to date, no LC–MS method for deter-
ination of AICA ribotide in biological fluids has been reported.
t first we tried LC–MS/MS method to analyze AICA riboside and
ICA ribotide in nude mice plasma, but both positive and nega-

ive ionization efficiency were very low especially for AICA ribotide,
o LC–MS/MS was not suitable for simultaneous determination of
ICA riboside and AICA ribotide in biological fluids. So we  used
PE for selective retention of either AICA riboside or AICA ribotide
nd applied column switching for separation of them by different
olumns.

We  used Acclaim Mixed-Mode WAX-1 column
4.3 mm × 10 mm,  5 �m)  which has anion-exchange property
s SPE column for selective retention of AICA ribotide, while
ICA riboside, a cationic compound, was eluted from SPE column.
fter elution from SPE column, AICA riboside was  separated on

onPac CG16 Guard Column (5 mm  × 50 mm,  5.5 �m)  which has
ation exchange property. In addition, Acclaim HILIC-10 column
4.6 mm × 150 mm,  3 �m)  which was particularly promising for
he separation of polar compounds [20] was selected for sepa-
ating AICA ribotide. At the time of 6 min, the right valve was
witched to 10-1 position to connect the SPE column and HILIC-10
olumn. AICA ribotide was eluted from the SPE column onto the
ILIC-10 column by the left pump with CH3CN–KH2PO4 (pH 2.5;
00 mM)–H2O (5:13:82, v/v/v) at the flow rate of 0.8 ml/min. As
hown in Fig. 3, after separation by HILIC-10 column the retention
ime of AICA ribotide was 12.6 min. But assessment peak purity by
elative absorption spectra [21] revealed that the peak at 12.6 min
as not pure (as depicted in Fig. 4A), so the switching window
as set between 11.7 and 13.7 min  to elute AICA ribotide from
ILIC-10 column onto the WAX-1 column. After separation by
AX-1 column, AICA ribotide was completely separated from

ndogenous substances. As illustrated in Fig. 4 B, after separation
y HILIC-10 and WAX-1 column, the relative absorption spectra
t the peak start point, the peak maximum ascending slope, the
eak maximum descending slope and the peak end point were
uper imposed on each other, and the peak purity was  more than
9.5%. Although the total analytical run time of 40 min  was a little

ong, this method can simultaneously determine AICA riboside
nd AICA ribotide in plasma and the analytical run time was  much
horter than the most cited method which had an analytical run
ime of 35 min  for AICA riboside and of 40 min  for AICA ribotide
eparately [15]. The plasma pretreatment of two  times extraction
ith diethyl ether to remove TCA was relatively complex, but the
revious reported pretreatment method also included removing
CA with tri-N-octylamine [15].

.2. Method validation

.2.1. Selectivity and specificity
Representative chromatograms of blank plasma, blank plasma
piked with 10 �g/ml AICA riboside or 0.5 �g/ml AICA ribotide,
nd plasma collected at 15 min  after intravenous administration
f AICA riboside at a dose of 200 mg/kg were shown in Fig. 5.
he retention times of AICA riboside and AICA ribotide were 9.1
AICA ribotide 1 1.07 ± 0.01 7.22 0.91
40 42.82 ± 0.53 7.06 1.24

and 25.4 min, respectively. The identity of AICA riboside and AICA
ribotide in the endogenous samples were demonstrated by com-
parison of retention times with known external standards. No
significant interferences by endogenous substances were observed
at the retention times of AICA riboside and AICA ribotide.

3.2.2. Linearity
Calibration curves of this method covered the range from 0.1

to 500 �g/ml for AICA riboside and from 0.03 to 50 �g/ml for
AICA ribotide. Using weighted least-squares regression with 1/C2

as weighting factor, calibration equations A = 1.5120 × C − 0.0308
(r = 0.9977) and A = 0.9527 × C + 0.0053 (r = 0.9994) were obtained
for AICA riboside and AICA ribotide, respectively.

3.2.3. LLOD and LLOQ
In this study, the LLOD was  30 ng/ml for AICA riboside and

10 ng/ml for AICA ribotide and the LLOQ was  100 ng/ml for AICA
riboside and 30 ng/ml for AICA ribotide. The LLOQ of both AICA ribo-
side and AICA ribotide were much lower than the previous reported
HPLC-UV method with LLOQ of 0.1 mg/ml  for AICA riboside and of
2.5 mg/ml  for AICA ribotide [14].

3.2.4. Precision and accuracy
The results of intra- and inter-day precisions and accuracies

were listed in Tables 3 and 4 respectively. The intra- and inter-day
accuracy was within ±15% for all QC samples of both AICA ribo-
side and AICA ribotide. The intra- and inter-day assay precision
(RSD) was also within the acceptable range of 15% for all samples.
The precision and accuracy results indicate that the method had
remarkable reproducibility and accuracy.

3.2.5. Recovery
The recovery of AICA riboside from plasma was  71.56 ± 2.04%,

66.41 ± 1.16% and 67.61 ± 0.99% at low, medium and high concen-
trations, respectively. The recovery of AICA ribotide from plasma
was 65.94 ± 4.13%, 69.06 ± 0.63% and 66.82 ± 0.83% at low, medium
and high concentrations, respectively.

3.2.6. Stability
400 427.37 ± 25.95 6.84 6.07

AICA ribotide
0.06 0.055 ± 0.004 −7.93 7.37
1 1.05 ± 0.03 0.43 3.25

40 42.77 ± 2.53 6.93 5.92
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Fig. 3. The HPLC chromatograms of AICA ribotide after separation by HILIC-10 column.

Fig. 4. Relative absorption spectra of AICA ribotide after separation by HILIC-10 column alone (A) or by combination of HILIC-10 and WAX-1 column (B) using DAD detector.
The  blue, green, purple and yellow curve was the relative absorption spectra at the peak start point, the peak maximum ascending slope, the peak maximum descending
slope and the peak end point of AICA ribotide, respectively. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
a
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of AICA riboside (200 mg/kg). By interpolating peak areas on the
calibration curves, mean plasma concentration–time curves were

F
m
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rticle.)

f concentration change was observed during storage at −80 ◦C
or 2 weeks. AICA riboside was stable at 4 ◦C for 2 h, while AICA
ibotide spiked in plasma at low, medium and high concentrations
egraded approximately 15%. In this study we found that AICA
ibotide hydrolyzed to AICA riboside and H3PO4, but in acidic con-
ition AICA ribotide was stable. So we immediately added 10% TCA
nto plasma sample after thawing to keep AICA ribotide stable and
recipitate proteins.

ig. 5. The HPLC chromatograms of AICA riboside (A) and its active metabolite AICA ribo
ice  plasma spiked with 10 �g/ml AICA riboside (A-2) or 0.5 �g/ml AICA ribotide (B-2), an

t  10 min  after intravenous administration of AICA riboside at the dose of 200 mg/kg.
3.3. Application to pharmacokinetics study

The proposed method was applied to analyze plasma sam-
ples obtained from nude mice after intravenous administration
constructed for AICA riboside and AICA ribotide, as shown in Fig. 6.
The pharmacokinetics parameters of AICA riboside and its active

tide (B) in nude mice plasma: blank nude mice plasma (A-1 and B-1), blank nude
d AICA riboside (A-3) and AICA ribotide (B-3) in a plasma sample from a nude mice
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Table  5
Stability results of AICA riboside and AICA ribotide in spiked plasma samples (n = 5).

Stability Analytes Nominal concentration
(�g/ml)

Mean ± SD (�g/ml) RE (%) RSD (%)

Freeze–thaw stability (three cycles)

AICA riboside

0.2 0.20 ± 0.01 −1.92 5.74
10 10.64 ± 0.21 6.41 1.99

400 449.22 ± 4.77 12.3 1.06
0.06 0.054 ± 0.001 −9.64 1.38

AICA ribotide
1 1.07 ± 0.01 6.58 0.61

40 42.16 ± 0.42 5.4 0.99
0.2  0.19 ± 0.02 −5.2 9.08

Short-term stability (2 h at 4 ◦C)

AICA riboside
10 10.31 ± 0.10 3.07 0.94

400 422.66 ± 20.85 5.67 4.93
0.06 0.051 ± 0.007 −14.5 14.07

AICA ribotide
1 0.85 ± 0.01 −15.38 1.47

40  34.20 ± 1.49 −14.5 4.34
0.2 0.20 ± 0.01 1.76 3.79

Long-term stability (14 days at −80 ◦C)
AICA riboside

10 10.46 ± 0.28 4.6 2.69
400 431.20 ± 4.11 7.8 0.95

0.06 0.054 ± 0.004 −9.78 8.4

AICA ribotide
1 0.97 ± 0.05 −2.53 4.94

40  39.66 ± 1.23 −0.84 3.11

Fig. 6. Concentration–time profiles of AICA riboside (A) and its active metabolite AIC
administration of AICA riboside at the dose of 200 mg/kg (n = 3).

Table 6
Pharmacokinetics parameters of AICA riboside and AICA ribotide in nude mice bear-
ing MCF-7 xenografts after intravenous administration of AICA riboside (200 mg/kg)
(n  = 3).

Parameter AICA riboside (mean ± SD) AICA ribotide (mean ± SD)

AUC0–t (�g h/ml) 7.905 ± 1.985 1.891 ± 0.417
AUC0–∞ (�g h/ml) 8.013 ± 1.957 1.992 ± 0.459
MRT0–∞ (h) 0.636 ± 0.035 1.206 ± 0.039
t1/2 (h) 0.441 ± 0.024 0.836 ± 0.027
Cmax (�g/ml) 19.537 ± 7.095 1.530 ± 0.185

m
A
t
0
v
i

4

i

CL  (l/h/kg) 24.959 ± 6.096 –
V  (l/kg) 16.707 ± 5.006 –

etabolite AICA ribotide were presented in Table 6, respectively.
fter intravenous administration, the plasma AICA riboside concen-

ration declined rapidly in a biphasic fashion with a short MRT  of
.636 ± 0.035 h which was similar to the previous study in healthy
olunteers [22]. Tmax of AICA ribotide was 0.167 ± 0.083 h, suggest-
ng AICA riboside was rapidly metabolized to AICA ribotide.
. Conclusion

In this study, a selective and sensitive HPLC method involv-
ng SPE and column switching was developed for simultaneous
A ribotide (B) in bearing MCF-7 xenografts nude mice plasma after intravenous

determination of AICA riboside and its active metabolite AICA
ribotide in plasma. This method was validated for its selectivity,
accuracy, precision and sensitivity as well as stability, and was  suc-
cessfully applied to pharmacokinetics study of AICA riboside and
AICA ribotide in nude mice bearing MCF-7 cell xenografts.
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