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bstract

1,5-Dicaffeoylquinic acid (1,5-DCQA), a potent HIV-1 integrase inhibitor, is undergoing an evaluation as a promising novel HIV therapeutic
gent. Here, we report a simple, rapid and robust LC–MS/MS method for simultaneous determination of 1,5-DCQA and its two active metabolites, 1-
affeoyl-5-feruoylquinic acid (1,5-CFQA) and 1,5-O-diferuoylquinic acid (1,5-DFQA) in human plasma. The quantitation of the target compounds
as determined by selected reaction monitoring (SRM) mode using electrospray ionization (ESI). Good linearity was obtained in the 3–500 ng/ml

ange for each analyte and the analytical method was validated in terms of specificity, precision, accuracy, recovery, stability and matrix effect.
hese assays gave R.S.D.% values for precision always lower than 13.8% and R.E.% values for accuracy between −8.9 and 0.9%. In addition, the
pecificity, extraction recovery, stability and matrix effect were satisfactory too. Using the measured plasma concentrations of 1,5-DCQA and its

ctive metabolites in five healthy volunteers, pharmacokinetic profiles of 1,5-DCQA and its active metabolites were evaluated, which supported the
linical pharmacokinetic studies successfully. Due to its high sensitivity, specificity and simplicity, the method could be used for pharmacokinetic
tudies of both 1,5-DCQA and its active metabolite, and for routine monitoring of their levels in human plasma.

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

Dicaffeoylquinic acids (DCQAs) are a class of natural
olyphenolic compounds widely distributed in plants [1–4] such
s coffee beans, sweet potato leaves, fennels and mugwort flow-
ring tops and possess a broad spectrum of pharmacological
ctivities [4–10]. Recently, DCQAs have received increasing
ecognition as a potent HIV-1 integrase inhibitor for drug devel-
pment of a novel HIV therapeutic agent. Treatment of HIV-1
nfection/AIDS currently consists of the use of combinations
f HIV-1 inhibitors directed against reverse transcriptase and

rotease. However, their numerous side effects and the rapid
mergence of drug-resistant variants require urgently the appear-
nce of new antiviral drugs, as well as the development of newer

∗ Corresponding author. Tel.: +86 10 63796513; fax: +86 10 63751728.
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trategies and viral targets [11–13]. Like all retroviruses, HIV-1
equires the integration of the proviral double-stranded DNA,
rising from the reverse transcription step, into the host chro-
osome for its efficient replication, maintenance of a stably

nfected state and productive infection. DNA integration is car-
ied out by integrase, so HIV-1 integrase represents a key area in
eveloping new antiretroviral therapy [14]. And as no cellular
omologue of HIV-1 integrase has been described, this kind of
otential inhibitors for HIV-1 integrase could be relatively non-
oxic [11,15–19]. DCQAs have been confirmed to be an effective
IV-1 integrase inhibitor [20] by selectively inhibiting HIV-1

ntegrase irreversibly toward its conserved amino acid residues
n the central core domain of catalysis and preventing HIV-1
eplication. Robinson [21] reported that the combinations of it

ith already existing inhibitors for HIV reverse transcriptase

nd protease have been suggested to be strongly synergistic.
1,5-Dicaffeoylquinic acid (1,5-DCQA) is a potent and

on-toxic HIV-1 integrase inhibitor that has demonstrated

mailto:mengzhiyun@vip.163.com
dx.doi.org/10.1016/j.jchromb.2006.12.055
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Fig. 1. The chemical structures of

nti-HIV activity in vitro and in vivo against a variety of
nimal experimental models. Its monomethylated metabolite
-caffeoyl-5-feruoylquinic acid (1,5-CFQA) and di-methylated
etabolite 1,5-O-diferuoylquinic acid (1,5-DFQA), according

o the preclinical study [22], are the two active metabolites
hose anti-HIV activity is comparable to or slightly weaker

han that of 1,5-DCQA, respectively (Fig. 1). These encouraging
reclinical results have prompted extensive clinical evalua-
ion of 1,5-DCQA. The evaluation of the pharmacokinetics
f 1,5-DCQA and, ideally, its known active metabolites is an
ssential component of many of these clinical studies. But,
o our knowledge, little is known regarding the quantitation

ethod of either 1,5-DCQA or its active metabolites in bio-
ogical matrixes, except for one paper [23] that had developed
n HPLC assay with UV detection to determine the 1,5-DCQA
evels in rat plasma following oral administration, which had
complicated, time consuming sample pretreatment procedure

nd less than ideal sensitivity, and did not quantitate either 1,5-
CQA or its metabolites. In order to satisfy the urgent request
f clinical study, in this research, we develop a LC/MS/MS
ethod that employed a simple acetonitrile precipitation pro-

edure for analyte recovery and that allowed sensitive and rapid
uantitation of 1,5-DCQA and its two active metabolites, 1,5-

FQA and 1,5-DFQA in human plasma simultaneously. This
ethod is currently being applied in a clinical pharmacoki-

etic study of 1,5-DCQA following the oral administration
uccessfully.

a
a
v
2

CQA, 1,5-CFQA and 1,5-DFQA.

. Experimental

.1. Reagents and materials

1,5-DCQA, 1,5-CFQA and 1,5-DFQA were graciously pro-
ided by Beijing Institute of Radiation Medicine (Beijing,
hina). Acetonitrile was purchased from Fisher Scientific (Fair
awn, NJ, USA). Analytical grade ammonium acetate and
lacial acetic acid were purchased from Beijing Chemical
eagents Company (Beijing, China). Distilled water was puri-
ed using a SZ-93A auto-double distillation apparatus (YaRong
orp., Shanghai, China). Argon (≥99.999%) and liquid nitrogen

≥99.999%) were purchased from the Beijing Capital Oxy-
en Manufactory (Beijing, China). Blank human plasma was
btained from the Beijing Red Cross Blood Center (Beijing,
hina).

.2. Chromatography

The LC system consisted of a Finnigan autosampler, a Finni-
an LC pump (Thermo Electron Corporation, USA), an Inertsil
DS-3 column (5 �m, 2.1 mm × 150 mm, GL Sciences Inc.,

apan) and a mobile phase where mobile phase solvent A was

cetonitrile and mobile phase solvent B was 5 mM ammonium
cetate (pH 5.0). The initial mobile phase composition of 5% sol-
ent A and 95% solvent B was maintained for 2 min. Between
and 6 min, the percentage of solvent A was changed to 50%.
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etween 6 and 7 min, the percentage of solvent A was then
eturned to 5%. The flow rate was 0.2 ml/min. The overall run
ime was 7 min.

.3. Mass spectrometer

Mass detection was carried out using a Finnigan TSQ Quan-
um Ultra equipped with a heated-electrospray ion source and
perated by XCalibur software Version 2.0 (Thermo Electron
orporation, USA), with negative-ion, selected reaction moni-

oring (SRM) mode. The settings of the mass spectrometer were
s follows: spray voltage −3.0 kV; capillary offset −35 V; and
apillary temperature 300 ◦C. The sheath gas and auxiliary gas
ressures were 45 and 18 psi, respectively. The collision pres-
ure was 1.4 psi. The ionspray interface and mass spectrometric
arameters were optimized to obtain maximum sensitivity at unit
esolution. The SRM m/z transitions monitored for each analyte,
he tube lens offset and the optimized collision energy for each
nalyte are shown in Table 1.

.4. Preparation of stock and working solutions

Stock solutions containing 3 mg/ml 1,5-DCQA, 1,5-CFQA
r 1,5-DFQA were prepared by dissolving each respective com-
ound in mobile phase (50:50, v/v). These solutions were stored
t 4 ◦C until further dilutions were made for working solutions.
tock solutions were combined in order to obtain a single solu-

ion that had a final concentration of 1 mg/ml for each analyte,
nd then a serial dilution was made to achieve the desired serial
oncentrations of working solutions.

.5. Preparation of calibration standards and quality
ontrol (QC) samples

Known amounts of working solutions were added to the
ontrol human plasma to achieve calibration standards of
–500 ng/ml for 1,5-DCQA, 1,5-CFQA and 1,5-DFQA, respec-
ively, in a total volume of 200 �l. Three quality control samples
t 5 ng/ml (low), 100 ng/ml (medium) and 500 ng/ml (high) were
repared independent of those used for the calibration curves.
hese QC samples were prepared on the day of analysis in the
ame way as calibration standards.

.6. Sample preparation
To 200 �l calibration standards, QC samples, or clinical
lasma samples, 6 �l glacial acetic acid was added to keep the
nalytes stable and 400 �l of acetonitrile was added to pre-

able 1
on transition, tube lens offset and collision energy for 1,5-DCQA, 1,5-CFQA
nd 1,5-DFQA

ompound Transition Tube lens
offset (V)

Collision
energy (eV)

,5-DCQA m/z 515.0 → 191.0 −145 37
,5-CFQA m/z 529.0 → 367.0 −148 16
,5-DFQA m/z 543.0 → 193.0 −151 21

c
s
a

e
c
5
b

2

b
t
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ipitate protein. Then the samples were vortexed for 2 min.
fter centrifugation at 4 ◦C, 15,000 × g for 15 min, 10 �l of the

upernatant was injected directly into the analytical column for
mmediate analysis.

.7. Method validation

Specificity was tested by an analysis of four different blank
uman plasma samples to ensure the absence of endogenous
ompounds with the same retention times as 1,5-DCQA, 1,5-
FQA and 1,5-DFQA.

The linearity was evaluated by processing calibration curves
anging from 3 to 500 ng/ml including a zero level spiked
nto blank human plasma samples on three different assays,
sing an external standard method. The peak area was plotted
gainst the nominal concentration of 1,5-DCQA, 1,5-CFQA and
,5-DFQA, respectively. Then a linear least-squares regression
nalysis was conducted to demonstrate linearity of the method.

The accuracy and precision of the proposed assay were deter-
ined by an analysis of the QC samples. Three sequential

ssays were performed with six replicate analyses of QC sam-
les (5, 100 and 500 ng/ml) on each single assay. Precision was
xpressed as %relative standard deviation (R.S.D.) and accuracy
as expressed as %relative error (R.E.) between the measured

nd true value. The results were calculated using one-way anal-
sis of variance (ANOVA).

The lower limit of detection (LLOD) was defined as the
owest detectable concentration, taking into consideration a
ignal-to-noise ratio of 3. Lower limit of quantification (LLOQ)
as determined at the lowest concentration at which the preci-

ion (R.S.D.) and the accuracy (R.E.) were less than 20%.
The stability of each analyte spiked into blank human

lasma was evaluated in triplicate using concentrations of 5
nd 500 ng/ml, respectively. The long-term stability was inves-
igated by analyzing the samples stored at −20 ◦C for 6 weeks.
he freeze–thaw stability was evaluated by analyzing the sam-
les subjected to three daily freeze–thaw cycles at −20 ◦C. To
est the short-term, post-preparative stability of each analyte,
he prepared samples were placed into the autosampler at room
emperature for 24 h. Stock solution stability was also examined
fter storage at −20 ◦C for 8 weeks.

The recovery of each analyte was determined in triplicate
sing concentrations of 5, 100 and 500 ng/ml, respectively, by
omparing the peak areas obtained from QC samples with the
tandard working solutions containing the same amount of each
nalyte.

Matrix effect was assessed in a similar fashion. Analyte for
ach of the three compounds were added to the extract of pre-
ipitated blank plasma to achieve concentrations of 5, 100 and
00 ng/ml. These peak areas were compared with those obtained
y adding the same concentration of analytes in mobile phase.

.8. Analysis of clinical samples
Blood samples were obtained from five healthy volunteers
efore and at 0.25, 0.5, 0.75, 1.0, 1.5, 2, 4, 6, 8, 10 and 12 h after
he ingestion of a 600 mg dose of 1,5-DCQA. Blood samples
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ere collected in heparinized containers to undergo an anti-
oagulation procedure and centrifuged for 5 min at 12000 × g
nd 4 ◦C. The resulting plasma was transferred to polypropylene
ubes and stored at −20 ◦C until analysis. The volunteers who
rovided samples were enrolled in a protocol and gave written
nformed consent before they participated in the study.

. Results

.1. Method development

To establish sample pretreatment conditions, a liquid–liquid
xtraction method using ethyl acetate, described in previous
eports [23], was evaluated and found that it was time consum-
ng and the greatest disadvantage of it was that the extraction
ecovery of 1,5-DFQA was very poor. And finally we adopt
recipitation of protein with acetonitrile as the sample pretreat-
ent method, which proved to be quite simple and have perfect

ecovery of all analytes.
The analytes were easily cleaved to generate negative product

ons, so the negative-ion mode was applied for analysis. When
ptimizing the setting of mass spectrometry conditions, each
nalyte was continuously infused into the mass spectrometer in
rder to obtain a Q1 scan of the parent compound. Specifically, a
�g/ml solution of each compound in mobile phase (50:50, v/v)
as infused at a rate of 10 �l/min into the HPLC flow, which
as an isocratic mobile phase of acetonitrile:ammonium acetate

50:50, v/v) pumped at 0.2 ml/min. The tuning parameters of the
ass spectrometer were adjusted to maximize the intensity of

he parent ion of each analyte. The resulting spectrum of each
nalyte mostly consisted of [M–H]− ions. And the mass spec-
rometric parameters were adjusted to maximize the intensity
f the [M–H]− ion, which was selected as the precursor ion for
RM detection. Under these optimized conditions, unit mass
esolution was achieved with each analyte. The collision energy

as adjusted to maximize the intensity of the product ions for

ach analyte.
At the time of choosing the transitions for SRM analysis

f 1,5-DCQA, 1,5-CFQA and 1,5-DFQA, we did acquire two

t
i
T

ig. 2. SRM chromatograms from (A) blank plasma, (B) blank plasma spicked with 6
f a healthy volunteer containing 83.3, 5.3 and 62.9 ng/ml of 1,5-DCQA, 1,5-CFQA
,5-DCQA.
. B 852 (2007) 85–91

ransitions for each analyte at the early stage of the method
evelopment, which was m/z 515/191, 353 for 1,5-DCQA, m/z
29/367, 353 for 1,5-CFQA and m/z 543/193, 135 for 1,5-DFQA
nd found that probably due to the structural similarity of 1,5-
CQA and its two methylated metabolites, the product ions
enerated from them were mostly the same, and simultaneously
cquiring two transitions for each analyte would probably cause
he “cross talk” phenomenon, which had impaired the accuracy
nd linearity of simultaneous quantitation of the three analytes.
e also found that it was the first transition of each analyte

hosen that showed the good specificity, and the intensities of
hem were the strongest, while each of the second product ions
hosen showed non-specificity, much lower intensities and were
ot likely to improve the sensitivity when used in SRM mode.
o, in order to achieve a timesaving and exact analysis, as shown

n Table 1, we finally decided to choose only one transition of
/z 515/191 for 1,5-DCQA, m/z 529/367 for 1,5-CFQA and
/z 543/193 for 1,5-DFQA, which showed the best specificity,

ccuracy and sensitivity in simultaneous quantitation of the three
nalytes.

The standard solutions were added to the blank human plasma
or specific evaluation. At the initial 2 min of analysis, a mobile
hase composition of 95% ammonium acetate and 5% acetoni-
rile was used to quickly elute lots of undesirable compounds
xisting in human blank plasma, then the mobile phase was
hanged to the optimized ratio of 1:1 to elute each analyte
ithout any endogenous interference. Under this optimized con-
itions, good Specificity was achieved in the assay. As shown in
ig. 2B, the retention times of 1,5-DCQA, 1,5-CFQA and 1,5-
FQA were approximately 5.3, 5.5 and 5.8 min, respectively.
nd Fig. 2A showed that there was no endogenous compound
ith the same retention times as the three analytes.

.2. Linearity, LLOD and LLOQ
The linear regression analysis was constructed by plotting
he peak area of analytes versus analyte concentration (ng/ml)
n plasma samples. The assay proved to be linear and acceptable.
he typical regression equation of these curves and their corre-

0 ng/ml 1,5-DCQA, 1,5-CFQA and 1,5-DFQA, respectively, (C) plasma sample
and 1,5-DFQA, respectively, 2 h after a single oral administration of 600 mg
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ation coefficients (r2) were calculated as follows: 1,5-DCQA,
= (−662.232 ± 15.374) + (−262.330 ± 14.361)x, r2 = 0.9956
0.0041; 1,5-CFQA, y = (−565.382 ± 8.593) +(−217.042±

3.854)x, r2 = 0.9964 ± 0.0050; 1,5-DFQA, y = (−877.575±
2.680) + (−298.701 ± 18.305)x, r2 = 0.9987± 0.0012.

The error for back-calculated concentration of each calibra-
ion point was within 11.8% except for the lowest concentration
ith an error of below 18.9% and the LLOD and LLOQ were 1

nd 3 ng/ml for each analyte, respectively.

.3. Accuracy and precision

The inter-assay and intra-assay back-calculated concentra-
ion with standard deviation, R.S.D. for precision and R.E. for
ccuracy are displayed in Table 2. The R.E. for both inter- and
ntra-assay accuracy were between −8.9 and 0.9%. The R.S.D.
or intra-assay variability was less than 7.4% at each concentra-
ion studied, while R.S.D. for inter-assay variability was a little
igher with which the maximal value reached 13.8%, proba-
ly because of the slight variety of system and environmental
onditions such as humidity and temperature between different
ssays, all of the values were acceptable.
.4. Recovery and matrix effect

As shown in Table 3, the recovery for each analyte was higher
han 94% and the R.S.D. was lower than 9.9% for each concen-

i
1
t
p

able 2
ntra- and inter-assay accuracy and precision for 1,5-DCQA, 1,5-CFQA and 1,5-DFQ

ompound Addeda Meanb Intra-S.D. In

,5-DCQA 5 5.0 0.2 0
100 93.0 2.9 7
500 504.5 10.8 5

,5-CFQA 5 4.7 0.3 0
100 94.5 2.5 2
500 512.2 5.9 24

,5-DFQA 5 4.9 0.2 0
100 94.7 3.0 10
500 459.1 9.6 29

a Added concentration (ng/ml).
b Mean concentration calculated (ng/ml).

able 3
atrix effect and absolute recovery of 1,5-DCQA, 1,5-CFQA and 1,5-DFQA (n = 3)

ompound Concentration (ng/ml) Matrix effect

Mean ± S.D.

,5-DCQA 5 105.6 ± 8.9
100 94.4 ± 2.8
500 94.5 ± 1.5

,5-CFQA 5 93.0 ± 1.3
100 97.0 ± 4.7
500 100.5 ± 0.3

,5-DFQA 5 98.8 ± 9.3
100 99.6 ± 2.1
500 99.0 ± 0.7
. B 852 (2007) 85–91 89

ration. And no matrix effect was observed; the relative recovery
or each analyte was higher than 93%; and the R.S.D. was lower
han 9.4%.

.5. Stability

The stability of all the plasma samples investigated in both
ow and high concentrations for each analyte was satisfactory
ith value always higher than 90% and R.S.D. less than 13.8%.
nd the stability of stock solution was also excellent with val-
es higher than 95% and R.S.D. less than 1.0%. The detailed
nformation are shown in Table 4.

.6. Application to clinical sample analysis

When applied to clinical samples, the assay proved suit-
ble for quantitating the concentrations of 1,5-DCQA and its
ctive metabolites in the plasma of five healthy volunteers
reated with an oral dose of 1,5-DCQA (600 mg). By using
he method described above, none of these samples posed any
roblem for the quantitation of the analytes, and no inter-
erence from the matrix was found in any of them. Fig. 2C
howed the plasma sample of a healthy volunteer contain-

ng 83.3, 5.3 and 62.9 ng/ml of 1,5-DCQA, 1,5-CFQA and
,5-DFQA, respectively, 2 h after a single oral administra-
ion of 600 mg 1,5-DCQA. And Fig. 3 presents the mean
lasma concentration–time profiles of 1,5-DCQA, 1,5-CFQA

A (n = 18)

ter-S.D. Intra-R.S.D.% Inter-R.S.D.% R.E.%

.2 4.0 4.0 −0.3

.1 3.1 7.6 −7.0

.9 2.1 1.2 0.9

.6 7.4 13.8 −6.2

.1 2.6 2.2 −5.5

.3 1.2 4.7 2.4

.5 5.1 10.9 −2.2

.0 3.1 10.6 −5.3

.6 2.1 6.4 −8.9

Absolute recovery (%)

R.S.D. Mean ± S.D. R.S.D.

8.4 100.2 ± 2.8 2.8
2.9 97.1 ± 2.0 2.0
1.6 97.3 ± 8.4 8.6

1.4 99.9 ± 0.8 0.8
4.9 98.5 ± 2.3 2.3
0.3 94.2 ± 9.3 9.9

9.4 96.2 ± 3.4 3.5
2.1 95.4 ± 6.1 6.4
0.7 95.4 ± 4.7 4.9
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Table 4
Stability of stock solution and plasma sample of 1,5-DCQA, 1,5-CFQA and 1,5-DFQA (n = 3)

Compound Concentration (ng/ml) Stock solution %recovery Sample A %recovery Sample B %recovery Sample C %recovery

Mean ± S.D. R.S.D. Mean ± S.D. R.S.D. Mean ± S.D. R.S.D. Mean ± S.D. R.S.D.

1,5-DCQA 5 – – 97.5 ± 1.4 1.5 97.0 ± 2.2 2.3 96.1 ± 2.2 1.5
500 97.6 ± 0.5 0.6 107.1 ± 0.7 0.7 98.5 ± 2.2 2.3 106.6 ± 2.5 2.4

1,5-CFQA 5 – – 102.9 ± 5.1 4.9 93.8 ± 8.1 8.6 89.5 ± 2.3 2.6
500 94.5 ± 0.9 1.0 100.5 ± 1.9 1.9 102.0 ± 1.7 1.7 98.1 ± 2.9 2.9

1,5-DFQA 5 – – 97.3 ± 6.4 6.6 93.1 ± 5.1 5.5 108.0 ± 14.9 13.8
7.8 ±
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ample A refers to the plasma samples unprepared at −20 ◦C for 6 weeks; Sam
efers to the plasma samples subjected to 3 days freeze–thaw cycles.

nd 1,5 DFQA. According to the measured plasma concen-
rations, the main pharmacokinetic parameters were obtained
s follows: for 1,5-DCQA and 1,5-DFQA, respectively, maxi-
um concentration (Cmax), 73.1 ± 17.2 and 35.6 ± 19.5 ng/ml;

ime to reach maximum concentration (Tmax), 1.9 ± 0.2 and
.8 ± 1.1 h; area under the curve from time 0 to 24 h (AUC0–24),
79.8 ± 83.8 and 271.6 ± 129.8 �g h/l; elimination half-life
T1/2), 2.7 ± 1.3 and 3.8 ± 0.9 h. Each of these values repre-
ented the first description of such information in reported
apers, and it is evident that the data may help to establish
ppropriate dose and frequency of clinical study largely. In
his application, at 12 h after ingestion of 1,5-DCQA, plasma
oncentrations of 1,5-DCQA and 1,5-DFQA were still in
xcess of the LLOQ for both of them, which proved the
pplicability of the method in pharmacokinetic studies. And
here was no 1,5-CFQA found in these human plasma sam-
les except for one volunteer whose plasma contained low
evel of 1,5-CFQA with Cmax of 5.3 ng/ml and Tmax of 2 h,

hich suggested that the main metabolic type of 1,5-DCQA
etabolized to active metabolite in human plasma was di-
ethylation.

ig. 3. Mean plasma concentration–time profiles of 1,5-DCQA, 1,5-CFQA and
,5-DFQA in healthy volunteers. The above values are mean plasma concentra-
ions obtained from five healthy volunteers who were administered a single oral
ose of 600 mg 1,5-DCQA, except for 1,5-CFQA which obtained from only one
f the five volunteers. The vertical bars represent standard deviation.
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2.6 2.7 96.3 ± 0.4 0.4 95.5 ± 2.5 2.6

refers to the plasma samples prepared for 24 h at room temperature; Sample C

. Conclusion

The new drug class of HIV-1 integrase inhibitor is in develop-
ent and may soon be available in the clinic [24]. Development

f HIV-1 integrase inhibitors could have favorable implication
or combination therapy, including synergy with currently avail-
ble inhibitors, as well as prevention of the chronic carrier state
nd the emergence of resistant mutants [19].

1,5-DCQA is a promising HIV-1 integrase inhibitor accord-
ng to the findings reported already. The extensive existence in
ature and the striking anti-HIV activities make it an attractive
arget for new drug development as a novel HIV therapeutic
gent. In order to satisfy the urgent demands for quantitating
ethod of 1,5-DCQA in clinical study, we have established a

imple, rapid and robust LC–MS/MS assay for simultaneous
etermination of 1,5-DCQA and its two active metabolites in
uman plasma. Only 200 �l of plasma is required for the sam-
le pretreatment procedures, and this method is currently being
pplied in a clinical pharmacokinetic study of 1,5-DCQA fol-
owing the oral administration successfully. The ability of the
ssay to simultaneously quantitate 1,5-DCQA and its active
etabolites provide information regarding the concentration

ersus time profile of both parent compound and its active
etabolites, which can be used to formulate the most appropri-

te dose, route and frequency of administration for 1,5-DCQA.
n external standard method was used for quantitative anal-
sis successfully with high precision and accuracy because
f the simple and timesaving sample pretreatment procedure.
ue to its simplicity, selectivity and sensitivity, the assay is

uitable for both clinical pharmacokinetic studies and routine
onitoring of plasma levels of 1,5-DCQA and its active metabo-

ites. In addition, we find that, the assay is also suitable for
uman urine samples after oral administration that good linear-
ty was obtained in the 5–500 ng/ml range for each analyte, and
hat 1,5-CFQA and 1,5-DFQA were found together in all the
ve volunteers, which indicates the differences of metabolites
etabolized from 1,5-DCQA between human plasma and urine.
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