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Abstract

1,5-Dicaffeoylquinic acid (1,5-DCQA) is a potentially important HIV-1 integrase inhibitor widely distributed in many plants. To characterize
the pharmacokinetic and metabolic properties of 1,5-DCQA in rats following single intravenous administration (160 mg/kg), the plasma
concentrations of 1,5-DCQA were measured by high-performance liquid chromatography (HPLC) and the metabolites formed in urine were
identified by liquid chromatography—mass spectrometry (LC—-MS) in parallel to diode-array detection (DAD). The results showed that the
concentrations of 1,5-DCQA in plasma declined rapidly in a biphasic manner with a mean terminal half)lid¢ .40 h. The mean clearance
(CL) and the apparent volume of distribution @jdbf 1,5-DCQA were 0.441/h/kg and 0.89 I/kg, respectively. A total of 15 metabolites in
rat urine were identified, including four isomerizmono-methylated (M1-M4), six isomeri@-di-methylated (M5-M10), one isomeric
0O-mono-methyl-glucuronidated (M11) and four isomadiali-methyl-glucuronidated (M12—-M15) metabolites. Thanethylation positions
of three important metabolites (M1, M2 and M5) were determinéd, 3-, and 3,3’-) by comparing with synthesized standards. These
results suggested that the disappearance of 1,5-DCQA from plasma was rapid, and that its quick urinary excretion and extensive metabolism,
including methylation and glucuronidation, were two factors causing its rapid elimination from the circulation.
© 2005 Published by Elsevier B.V.
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1. Introduction tial enzyme mediating integration of the HIV genome into the
host chromosomes. As important lead compounds for HIV
Dicaffeoylquinic acids (DCQAS) are a class of natural drug discovery, the DCQAs have drawn more and more atten-
polyphenolic compounds widely distributed in many plants tionin the development of the therapy of HIV infection in the
[1-5]. Structurally, they are characterized by two caffeic acid past 10 years.
molecules connected to one quinic acid molecule through  Drug metabolism plays an important role throughout
ester bonds. the drug discovery and development process. Therefore,
Current pharmacological agents for human immunodefi- it is important to identify the circulating metabolites of
ciency virus (HIV) infection include drugs targeted against drug after administration. Recently the metabolism of 1,5-
HIV reverse transcriptase and HIV protease. The DCQAs are dicaffeoylquinic acid (1,5-DCQA/Fig. 1) in rats after
a potentially important class of HIV inhibitors and act at a oral dosing was studied. The results showed that 1,5-
site distinct from that of the current HIV therapeutic agents. DCQA could be efficiently)-methylated and glucuronidated
Their action target is on the integrgdée-10]that is an essen-  with the formation of a large number of metabolites in
blood, bile and urine, and that the enzymes involved were
* Corresponding author. Tel.: +86 10 66932951; fax: +86 10 68151876. COMT (catecholo-methyliransferase) and UGTs (UDP-
E-mail address: douguifang@vip.163.com (G.F. Dou). glucuronosyltransferases) in both small intestine and liver
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Fig. 1. Chemical structures of 1,5-DCQA (A) and methylenecaffeic acid (B) (internal standard).

[11]. COMT, usingS-adenosyle-methionine as the methyl  analysis was carried out at a flow rate of 1 ml/min with wave-

donor, plays animportantrole in the metabakenethylation length of 326 nm and column oven temperature &G0
of catechol-containing compounds, including endobiotic and
xenobiotic catecholfl2]. 2.3. HPLC method validation

By far, the metabolic fate of 1,5-DCQA in rats after
intravenous injection has not been investigated. In addi-  Stock solutions of 1,5-DCQA and methylenecaffeic acid
tion, up to now no study is available on the pharmacoki- (Fig. 1B) were prepared as 5 mg/ml solution in mobile phase
netic behavior of the DCQAs. If any, only Takenaka et and 125.g/mlsolution inwater (pH 8.0), respectively, which
al. reported that no parent compound could be detectedwere stored at 4C. The calibration standard samples (0.015,
in plasma when 3,5-dicaffeoylquinic acid (3,5-DCQA) was (.05, 0.2, 0.8, 8, 20 and 4@/ml) were prepared by spik-
orally administered to rats, and if by intravenous injection ing blank plasma with appropriate amounts of the men-
90% of it disappeared from plasma within 30 n{ib3]. tioned stock solution. Calibration graphs were constructed
The purpose of the present study was to explore the phar-py plotting peak—area ratios of 1,5-DCQA to internal stan-
macokinetic and metabolic behavior of 1,5-DCQA in rats dard against nominal concentrations of 1,5-DCQA. The cal-
after intravenous administration, which might help to pro- jbration plot was fitted by robust least square fitting using
vide an insight into the pharmacokinetic properties of other 1/c2 weighting. Quality control (QC) samples to determine
DCQAs. the precision and accuracy were independently prepared
at low (0.015.g/ml), medium (0.2 and Bg/ml) and high
(40g/ml) concentrations in the same manner. Intra-day pre-

2. Experimental cision and accuracy were determined by repeated analyses
of QC samples in the same day<6), and inter-day pre-
2.1. Chemicals cision and accuracy were determined by repeated analyses

of QC samples on three consecutive days { series/day).
1,5-DCQA, methylenecaffeic acid (internal standard) and Relative standard deviations (R.S.D.s) were calculated as the
the synthesized standards of M1, M2 and M5 were provided intra- and inter-day precision. The accuracy was defined as
by Beijing Institute of Radiation Medicine (Beijing, China) the relative error in the calculated value of a standard from
and authenticated at the National Center of Biomedical Anal- that of its true value expressed as a percentage. Samples with
ysis (Beijing, China). Acetonitrile was HPLC grade. Allother the concentrations beyond the higher limit of quantitation
chemicals were analytical grade and used without further were diluted 15 times with blank plasma. The influence of

purification. dilution on the quantification of 1,5-DCQA was determined.
The calibration curves along with QC samples were prepared
2.2. HPLC analysis separated for each HPLC run.

The Agilent 1100 HPLC system (Agilent Technologies, 2.4. LC-MS analysis
Palo Alto, CA) consisted of a quaternary pump, an autosam-
pler and a mobile phase vacuum degassing unit. HPLC sep- lon trap-based LC-ESI-MS was performed on a Finnigan
aration was done by an Agilent XDB1g column (5um, (Thermo Electron Corporation, Waltham, MA) LCQ system
250 mmx 4.6 mm i.d.). The mobile phase was sodium phos- connected to a Finnigan Surveyor HPLC pump equipped
phate buffer (pH 5.0, 52 mM)—acetonitrile (85:15, v/v). The with a Finnigan Surveyor DAD. Electrospray and HPLC
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separation was accomplished using the settings previouslythe linear trapezoidal rule. The AYG was extrapolated to
described, where the elution was performed using a gradientinfinity (AUCo_) by adding the quotient oft/Ke, where
from 5% solvent A (CHCN) to 75% solvent B (ammonium  C; represented the last measurable time concentration and
acetate buffer, 5mM, pH 5.0) in 30 min and held until 42 min K, represented the elimination rate consta@twas deter-

at a flow rate of 0.4 ml/mifl11]. mined by linear regression of the terminal log-linear phase
of the concentration versus time curve points (number of
2.5. Sample preparation points =5 in all animals);» was calculated as 0.6934. CL
was calculated as the dose divided by the plasma ALC
Plasma or urine sample (2p0), 15l of internal stan- The mean residence time (MRT) was calculated from the

dard solution (12p.g9/ml, only for plasma samples) anqib ratio of total area under the first moment of the drug concen-
of 7.2N HCl were added into a test tube, followed by vortex- tration curve (AUMG) to AUCq. Vdg was calculated as
ing for 20 s. The solution was then extracted with 40@f clearancefe.

ethyl acetate by vortexing vigorously for 2 min. After cen-

trifugation at 2500« ¢ for 10 min at 4 C, the supernatant

was transferred into an umber colored vial and evaporated3. Results

to dryness under a nitrogen stream at room temperature. The

residue was then reconstituted with 20®f the correspond-  3.1. HPLC method validation

ing mobile phase, and an aliquot (20 was injected into the

Agilent HPLC system for pharmacokinetic study or into the No interferences from endogenous substances were found
LC—MS system for metabolic study. In addition, an aliquot inratplasma. The retentiontimes for 1,5-DCQA and the inter-
of the urine sample prepared was also injected into the Agi- nal standard were approximately 4.7 and 12.5 min, respec-
lent HPLC system using the HPLC separation conditions as tively. The calibration curves showed good linearity over

described in SectioR.4. a wide range of 0.015-40g/ml with excellent linearity
(r>0.99). The lower limit of quantitation was 0.0f§/ml.
2.6. Animal experiments The intra- and inter-day R.S.D.s were 4.06-9.61% and

5.85-10.06%, respectively. The intra- and inter-day accura-

Healthy male Wistar rats:= 8, 0.20+ 0.01 kg) were pro-  cies were-2.49-6.73% and 3.69-6.00%, respectively. There
vided by the Institute of Jingfeng Medical Animal Center was no influence of the dilution on the quantification of
(Beijing, China). Prior to the experiment the rats were housed 1,5-DCQA in samples with high concentrations beyond the
in a temperature-controlled room (22) and maintained  higher limit of quantitation.
in a reverse 12 h light/dark cycle with free access to food
and water. In the study day, the rats were all firstly received 3.2. Pharmacokinetic study
slight anaesthesia by ether, and then received sterile and fresh
solution of 1,5-DCQA dissolved in sodium phosphate buffer ~ The mean plasma concentration versus time profile for
(0.1M, pH7.2) by lingual vein. Inthe pharmacokinetic study, 1,5-DCQA after single intravenous dose of 1,5-DCQA is
blood samples (0.5 ml) were collected via rat suborbital vein presented irfFig. 2, and the pharmacokinetic parameters are
(n=4) at O (predose), 5, 15, 30min and 1, 1.5, 2, 4, 6, 9 summarized inTable 1 1,5-DCQA was eliminated from
and 12 h after single intravenous dosing (160 mg/kg), fol-
lowed by centrifugation at 2009 ¢ for 10 min to prepare
the plasma, which were analyzed immediately. For blood
volume compensation, 0.5 ml of saline was intraperitoneally
injected following each sampling. In the metabolic study, the
rats (=4) were housed in individual metabolism cages dur-
ing the study period. Urine samples were collected between 0
and 12 h post-single intravenous administration (160 mg/kg).
Sample aliquots collected from each animal were pooled and
stored at-20°C until analysis.
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2.7. Data analysis 1004 Q
®e
Plasma concentrations were calculated using the Excel 0 o —e @ o
program (Microsoft Corp., USA). Pharmacokinetic param- — T
eters were determined using non-compartmental methods. 0 2 LS - 8 o2

All data were averaged and reported as me&hD. The
area under the _Plasma_ ConC?ntration versus time curve Upsig. 2. Mean plasma concentration—time profile of 1,5-DCQA after intra-
to the last quantifiable time point, AWYG, was calculated by  venous administration at a dose of 160 mglkg @).
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Table 1 Table 2
Summary of the mean{S.D.) pharmacokinetic parameters of 1,5-DCQA  Summary of key LC—MSdata of the metabolites found in rat urine after
in rat following intravenous administration (160 mg/kg) intravenous dosing (160 mg/kg)
Parameters Values (mearS.D.) Compound R (Min)  MS[M—-H]~ MS/MS (fragment ions)
AUCo_oo (Mg h/l) 367.80+ 42.24 1,5-DCQA (M0)  11.7 515 353,191, 179, 335
Ke (h71) 0.50+ 0.03 M1, M2 16.4 529 353, 367,191,179
t12 (h) 1.40+ 0.09 M3, M4 17.5 529 367, 353, 191, 179
MRTo (h) 1.20+ 0.13 M5 19.8 543 367, 349, 193
CL (I/h/kg) 0.44+ 0.06 M6 20.9 543 367, 349, 193
Vdg (I’kg) 0.89+ 0.17 M7 22.1 543 349, 367

M8 26.5 543 367, 193, 349

M9 26.9 543 367,193, 349
plasma with meany, value of 1.40h. The mean CL and m:ﬂ’ 2;-5 ?gg g;‘grggg .
Vdp values were 0.441/h/kg and 0.89 I/kg, respectively. M12 =9 719 549

M13 111 719 543
3.3. Metabolic study M14 12.4 719 543

M15 16.3 719 543

By comparison with the blank samples, there were 15 com- Chromatographic and spectroscopic conditions, see Se:tion
ponents observed in rat urine following intravenous adminis-
tration (Figs. 3 and % which had the typical DAD fingerprints ~ 3.3.2. Metabolites M5-M10
(318—-326, 240-252 and 290-300 nm) similar to that of 1,5-  Metabolites M5-M10 showed the same quasi-molecular
DCQA, suggesting that they were its potential metabolites. ions atm/z 543 (M — H] ™) as well as identical MS/MS frag-
The retention time of each compoundHig. 3was all about ment ions (full scan) at:/z 367, 349 ([367+ H»0]") and
1.4 min later inFig. 4, and such difference was caused by the 193, indicating that they were isomers. Their quasi-molecular
different analysis system. Their structures were elucidatedions were 28 Da higher than that of 1,5-DCQA, suggesting
by a combination analysis of the MS and MS/MS spectra, that they were the di-methylated metabolites of 1,5-DCQA.
chromatographic behavior, as well as mass and chromato-Their three MS/MS fragment ionsi(z 367, 349, and 193)
graphic spectral comparison to several synthesized referencavere all 14 Da higher than those of the parent compound at
substances. The main characteristic mass fragment ions ofn/z 353, 335, and 179, respectively, suggesting that the two

1,5-DCQA and its metabolites are summarizedamle 2 methyl groups were on the two respective caffeoyl groups
of 1,5-DCQA. M5 was confirmed as 1@3-diferuoylquinic
3.3.1. Parent drug (M0) acid by a comparison of its retention time and mass spectrum

Negative mass spectra of MO showed its molecular ion with reference substance.
([M —H]7) at m/z 515, in agreement with the molecu-
lar weight of 1,5-DCQA being 516. Besides, MO showed 3.3.3. Metabolites M1-M4
four characteristic MS/MS fragment ions: the deprotonated  Although M1 and M2, like M3 and M4, were not com-
chlorogenic acidf/z 353, M — H — 162]~, the loss ofacaf-  pletely separated iRig. 4, they four showed individual four
feic unit), quinic acid £/z 191), caffeic acid#/z 179) and peaks inFig. 3, with the retention times of 17.2, 17.7, 18.5
mlz 335 ([353— H20] ), which were the same as that of the and 18.9 min, respectively. They all exhibited the same quasi-
1,5-DCQA standard. MO was identified as 1,5-DCQA, and molecular ions ain/z 529 (M —H]~) as well as identical
confirmed by a comparison of its retention time with refer- characteristic MS/MS fragments, indicating that they were
ence substance. isomers. Their MS/MS spectra showed four characteristic

VWD1 A, Wavelength=326 nm (IBE5\03112405.D) M5\,
Norm.4 J 1,5-DCQA
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Fig. 3. HPLC-UV chromatography of 1,5-DCQA and its metabolites in rat urine (0-12 h) after 160 mg/kg intravenous dosing.
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Fig. 4. Total ion current and extracted ion current chromatograms in negative-ion mode of 1,5-DCQA and the major metabolites in rat urine (0—12 h) afte

160 mg/kg intravenous dosing.

fragment ions ain/z 353, 367, 179, and 191, indicating that
they were the mono-methylated metabolites of 1,5-DCQA.
M1 and M2 were confirmed as 1-caffeoyl-5-feruoylquinic
acid and 1-feruoyl-5-caffeoylquinic acid, respectively, by a

with those observed in rat urine and bile after oral dos-
ing except M1-M4 (the mono-methylated metabolifég).

The reason why M1-M4 were observed in rat urine after
intravenous administration while not be detected after oral

comparison of their retention times and mass spectra with dosing was that mono-methylated metabolites were the pri-

reference substances.

3.3.4. Metabolite M11

It showed the quasi-molecular ion afz 705 as well as
MS/MS fragment ions at 529 ¥ — H — 176]"), 353, and
367. A loss of 176 Da indicated the moiety might be a glu-
curonide. It was tentatively identified as the mono-methyl-
glucuronide conjugate of 1,5-DCQA.

3.3.5. Metabolites M12-M15

They all showed the same quasi-molecular ions/a19
(M —H]7) as well as identical MS/MS fragment ions (full
scan), indicating that they were isomers. Their characteris
tic MS/MS spectra all exhibited fragment ionsat; 543
(M —H —176]"). They were tentatively identified as the di-
methyl-glucuronide conjugates of 1,5-DCQA.

4. Discussion

In this study all metabolites identified were methylates
and methyl-glucuroconjugates of 1,5-DCQA. By taking into

mary metabolites of 1,5-DCQA, they could act as substrates
and undergo further methylation and/or glucuronidation to
form the final metabolites: di-methylated, mono-methyl-
glucuronidated and di-methyl-glucuronidated metabolites
[11]; and when 1,5-DCQA was intravenously administrated
the amount of 1,5-DCQA in the circulation was much larger
than that after oral administration. The result suggested that
methylation and glucuronidation were two major metabolic
pathways of 1,5-DCQA in rats after intravenous dosing,
which were also found in rats after oral dosing.
The HPLC method used for the quantitation of 1,5-DCQA
has provento be easy, selective, and precise, which is not only
- suitable for the pharmacokinetic study of 1,5-DCQA in rats,
but also suitable for the study in dogs and monkeys. Because
the linear dynamic range was wide (0.015u4Jml), four
concentration levels of QC samples were evaluated. The wide
linear dynamic range allows for the monitoring of low and
high dose administration of 1,5-DCQA within the same assay.
After intravenous administration, the plasma concentrations
of 1,5-DCQA in rats declined rapidly in a biphasic manner
(Fig. 2) with a shortt/, value (1.40 h). The rapid elimina-
tion of 1,5-DCQA might be caused by its relative high CL

account the respective relative retention times compared with(0.44 I/h/kg) and relative low Vgl (0.89 I/kg). It had proved

1,5-DCQA, and by comparing with MS and MS/MS spec-
tra of each product, all metabolites identified in rat urine

that the methylation and glucuronidation of 1,5-DCQA were
considerably efficient and rapid (Yang et al., submitted for

after intravenous dosing exhibited a perfect coincidence publication), and inthe present study large numbers of methy-
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lated and glucuronidated metabolites were found in rat urine plasma, and at the same time large numbers of its methy-
(Figs. 3 and ¥, suggesting that the extensive metabolism of lated and methyl-glucuronidated metabolites were observed
1,5-DCQA was one factor leading to its relative high CL in rat urine besides 1,5-DCQA itself. It suggested that
value. Furthermore, large amount of 1,5-DCQA excreted in quick urinary excretion and extensive metabolism of 1,5-
rat urine Fig. 3) suggested that its excretion in native form DCQA, including methylation and glucuronidation, were
might also be a factor leading to the relative high CL. As for two factors causing its rapid elimination from the circu-
the low Vds value, it might be caused by a high binding of lation. The information gained from this study could be
1,5-DCQA to rat plasma (unpublished results). very useful for the further pharmacokinetic studies of other

Takenaka et al. reported that 90% of 3,5-DCQA disap- DCQAs.
peared from plasma within 30 min when it was intravenously
administered to Sprague—Dawley rats at a dose of 10 mg/kg
[13]. Although the data obtained in the present study showed Acknowledgements
that the disappearance of 1,5-DCQA in Wistar rat plasma was
rapid (about 60% disappeared within 1 h), the rate was appar- The project supported by the 863 Program (No.
ently slower than that of 3,5-DCQA. This difference might 2003AA2Z347B), the National Natural Science Foundation
be attributable to the different rat strain used, the different of China (No. 30371669), and the Key Scientific Technolog-
dose administered or other reasons. ical project of Bingjing (No. Z000410504131).
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5. Conclusions
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