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Abstract

All-trans retinoic acid (tRA, or tretinoin) can be metabolized through stereocisomerzationd fedinoic acid (13-cRA) in
vivo. We have developed a simple, sensitive and accurate method for analyzing tRA and 13-cRA in plasma with the addition of
N-ethylmaleimide (NEM) and Vitamin C (Vit. C) to prevent the interconversioagfransretinoic acid. Alltrans RA, 9-cRA,
and 13-cRA were well separated from each other in plasma by using a C18 precolumn and a column with a gradient solvent
system of mobile phases A and B at a flow rate of 1.0 ml/min. In addition, thermal stability of tRA and cRA in plasma during
the sample preparation under the temperature of 0 an@ 2fre studied. Our results showed that (1) the interconversion ratios
(%) (cRA/tRA and tRA/cRA) were decreased with the addition of NEM and Vit. C and the minimum concentrations of NEM
and Vit. C to inhibit the interconversion were 50 and 18@, respectively, (2) higher concentrations of NEM and Vit. C were
required to prevent the interconversion at higher temperature, (3) the precision and accuracy of calibration curve with various
concentration of tRA (1-1000 ng/ml) and 13-cRA (5-800 ng/ml) in plasma showed good line&rity(9992 and 0.9994), and
between-day errors expressed by coefficient of variation (CV, %) for tRA and 13-cRA which were both less than 5.6%, (4) the
mean recovery of the analytes were 78-94% for tRA and 80-92% for 13-cRA at concentration range from 1 to 1000 ng/ml and
5 to 800 ng/ml, respectively, and (5) the limit of quantitation of tRA and 13-cRA were 1 and 5 ng/ml, respectively. In addition,
the HPLC method had been successfully applied to the tRA pharmacokinetic study in two hepatoma patients after receiving
45 mg/nt per day orally. Thus, our results suggest that the HPLC method for analyzing tRA and 13-cRA in plasma with the
addition of NEM and Vit. C is a simple, sensitive and accurate method.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

* Corresponding author. Tel+886-2-87923100x18853; L. . i
fax: +886-2-87923163. Retinoic acids (RAs) have been widely used for

E-mail address: hyp@ndmctsgh.edu.tw (O.Y.-P. Hu). many years for preventing and treating dermatological

1570-0232/$ — see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/S1570-0232(03)00572-5



284 C.-J. Wang et al. / J. Chromatogr. B 796 (2003) 283-291

disease$l,2]. They may also be applied to oncology HPLC condition was modified from Vane et §18].

[3]. Recent studies suggest that ta#ins retinoic acid Separation was performed on a precolumn (i)
(tRA) not only prevent but also treat the development BondapackV, C18) and Bondapack C18 HPLC col-
of a variety of cancers in human and animals and of umn (10pum, 300 mmx 3.9 mm) with a gradient sol-
other clinical applicationg—11]. tRA is converted by  vent system of mobile phase A (methanol:0.02 M am-
intracellular isomerases to 9-cRA, or 13-cRA in vivo. monium acetate) (50:50, v/v) and B (methanol:0.1 M
The pharmacokinetics and metabolism of tRA are im- ammonium acetate) (90:10, v/v), at a flow rate of
portant parameters in determining biological respon- 1.0 ml/min. Acetic acid was used to adjust the pH of
siveness and effectiveness. Many difficulties have to the mobile phases A and B to pH 6.65. The solvent
be overcome in analyzing this labile compound. tRA program was set at initial solvent composition of 50%
is rapidly isomerized and destroyed in the presence of B (50% A), linear gradient to 90% B (10% A) from
light and oxidants. The thermal instability of tRA fur- 0 to 10 min. The solvent composition of 90% B (10%
ther increased the difficulties for accurately analyzing A) lasted for 8 min, and then returned to the initial

the compound in biological fluids. To study the phar-
macokinetics of tRA, further isomerization must be
prevented after the sample collectifift?—17] How-
ever, no studies of tRA ass4$8-20] and pharma-
cokinetic [21-24] had been studied on the potential
isomerization in the biological fluids during sample

preparation processes. The aim of this study was to

develop a method which not only to prevent oxidation
but also to stop the isomerization betweeans and
cisretinoic acid (cRA) in the biological fluids, and fur-
ther to apply this method to a pilot pharmacokinetic
study of tRA and 13-cRA in patients with hepatocel-
lular carcinoma.

2. Materials and methods
2.1. Chemicals

The reference standards of tRAcBsretinoic acid
(9-cRA), 13<¢is retinoic acid (13-cRA), butylated
hydroxytoluene (BHT), and ascorbic acid (HPLC
grade, Sigma, USA), N-ethylmaleimide (NEM)

condition (50% B).

2.3. Inhibition of interconversion between tRA
and 13-cRA

Because of no 9-cRA was detected after tRA was
added to plasma in our preliminary study, the follow-
ing interconversion studies were focused on tRA and
13-cRA.

2.3.1. Thermal stability

Thermal stability of tRA (500 and 2500 ng/ml) and
13-cRA (800 and 2500 ng/ml) in plasma were studied
(n = 3) at temperatures 0 and 26 during the sample
preparation procedure. The sample preparation proce-
dure after addition of inhibitors was described in detalil
in the Section 2.4 In addition, the temperature com-
bined with the chemical inhibitors was also tested as
described in following section.

2.3.2. Chemical inhibitors
To prevent interconversion of tRA and 13-cRA
in plasma, various amounts of thiol-blocking agents

(Nacalai Tesque, Japan) and the internal standarde g, 0.5mM NEM in this study) and antioxi-
carbazole (Merck, Germany), methanol, diethyl ether gants (e.g.1.5mM Vit. C in this study) were added

(High-performance liquid chromatography, HPLC

into plasma. In addition, various concentrations of

grade, Lab-Scan) were all reagent grade and pur-{gra (500 and 2500ng/ml) and 13-cRA (800 and

chased from their respective supplier.

2.2. Equipment and chromatography condition

High-performance liquid chromatographic was

performed on a Jasco liquid chromatographic sys-
tem (Japan), with a model PU-980 pump, a model
AS-950 auto-sampler, a model 807-IT integrator, and

a model UV-970 UV-Vis detector set at 340 nm.

2500 ng/ml) were measured. The formation of 13-cRA
from tRA and tRA from 13-cRA were calculated by
the biotransformed tRA or 13-cRA divided by the
original tRA or 13-cRA, respectively.

2.4. Sample preparation

To prevent the photoisomerization of tRA and
13-cRA, all experiments were processed under red
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light in an icebox (0C). The calibration curves of
tRA and 13-cRA were linear in the range of tRA
1-1000 ng/ml and 13-cRA 5-800 ng/ml, respectively.
To avoid the interconversion betwedrans and cis
form in the biological fluid, the antioxidant of sodium
ascorbate (1.5mM, 20l) and the thiol-blocking
agent of NEM (0.5 mM, 2@.l) were added into 0.2 ml
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sample was obtained at each time point, then placed
into a 1.5ml Eppendoff tube and kept at-80°C
until analysis. Heparin was used for continuous sam-
pling. The same procedures were repeated again after
the fourth course continuous treatment on day 7.

The plasma concentrations of tRA and 13-cRA
were fitted to a non-compartment model. The area

plasma. Samples were then extracted by adding 6 ml under the (first) moment versus time curve (AUMC),

diethyl ether with 5% butyl hydroxytoluene (BHT)

mean resident time (MRT), rate constant for elimina-

at 4°C, and then evaporated under nitrogen gas. Onetion phase ), elimination half-life 1,2(8)), volume

hundred microliters of methanol:acetonitrile (1:1)
and 20Qul of mobile phase B solvent were added

of distribution {/y), clearance (CLF), time for peak
plasma RA concentrationl{ax), and the peak con-

immediately to the residues and then centrifuged at centration Cnax) were read directly from the plasma

3000 rpm for 10 min at 4C. The supernatant (2Q0)
was taken and then 50 was injected into HPLC.

2.5. Assay validation

concentration versus time profile. The area under the
concentration-time curve over the first 12h (AU
and time infinity (AUC,) following a single oral dose

of RA were calculated by the trapezoid rule using
an EXCEL computer program. The same computer

To assess the precision and accuracy of this assayprogram was used for all other statistical calculations.

method, within-day#{ = 6) and between-day:(= 6)
calibration curves with various concentrations of
(1.0-1000 ng/ml) tRA and (5.0-8000 ng/ml) 13-cRA

in the plasma were constructed. Precision and accu-

racy were determined by back calculation of spiked

3. Results and discussions

3.1. Inhibition of interconversion between tRA

plasma sample at eight concentrations with respect to and 13-cRA

a calibration graph prepared each day. The precision

was expressed as the within-day and between-day3.1.1. Thermal stability

coefficient of variation (CV, %). Accuracy was cal-

The thermal stability of tRA and 13-cRA in plasma

culated as the mean deviation of each concentration at 25 and 0C during the sample preparation and pro-

from the theoretical.

2.6. Pilot pharmacokinetic studies

cedures were shown Fig. 1 In all cases, the percent
of interconversions in plasma from tRA to 13-cRA
and 13-cRA to tRA were lower at 0 than at 25. At

low RA concentration (500 ng/ml tRA and 800 ng/ml

Two hepatoma patients from a phase | study were 13-cRA), the interconversion from tRA to 13-cRA and

included in this study. To investigate the mechanism
of clinical RA resistance, we evaluated patients who
received tRA as induction of treatment with serial

13-cRAto tRA decreased from 18:2.32 and 1061+
1.50% at25°Cto0 657+2.17 and 592+1.90% at O°C,
respectively. Similar results were obtained at high RA

pharmacokinetic studies on the day 1 of treatment concentration (2500 ng/ml). The percent of intercon-
and again after the fourth course continuous treat- version decreased when the plasma sample was han-
ment on day 7. The phase | study was approved by dled at ®C. The stability of tRA and 13-cRA with

the Investigational Review Board of the Taipei Vet-
erans General Hospital. Before drug administration,
a 5ml blood sample was collected for the individual
calibration curve. Samples were collected in a 1.5ml
heparin-rinsed Eppend&tfvial. After oral adminis-
tration of dose, 45mg/fof tRA (Tretinoin), serial

blood samples were collected at 15, 20, 30, 45, 60,

90min, and 2, 2.5, 3, 5, 9, 12 h. One milliliter of blood

250, 500, 1000 and 2500 ng/ml in plasma had been
studied by our laboratory at20°C for 9 days. No in-
terconversion from tRA to 13-cRA and 13-cRA to tRA
was observed. Since the maximum tRA and 13-cRA
therapeutical concentrations were around 500 ng/ml,
the effect of chemical inhibitors on blocking intercon-
version between tRA and 13-cRA was carried out at
low RA concentration.
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Fig. 1. The thermal stability of tRA (initial concentration 500 and 2500 ng/ml) and 13-cRA (initial concentration 800 and 2500 ng/ml) in
plasma (meat: S.D.) at 25 and OC.

3.1.2. Chemical inhibitors with adding 5Q.mol NEM and 15Qumol Vit. C.

A thiol-blocking agent (NEM) and an antioxidant However, the interconversion could not be completely
agent (Vit. C) were added to block the conversion pro- blocked with the addition of inhibitors up to 125nol
cess of tRA to 13-cRA or 13-cRA to tRA in plasma. of NEM and 375umol Vit. C at 25°C. At 0°C, the
The effect of the combination of varies amount of interconversion between tRA and 13-cRA in 2ml
NEM and Vit. C on the interconversion between tRA plasma was completed blocked by addingu®dol of
and 13-cRA in plasma at 25 andQ were shown in NEM and 15Qumol Vit. C (which equal to 10Q.l of
the Figs. 2 and 3In all cases, the percent of inter- 0.5mM NEM and 1.5mM Vit. C). The volume ratio of
conversion (13-cRA/tRA and tRA/13-cRA) decreased inhibitors to plasma was at least 1:10 for completely
with the increasing inhibitors concentration. Under blocking the conversion between tRA and 13-cRA un-
25°C, 199 £+ 2.32% of 13-cRA was formed from  der 0°C. Therefore, the sample preparation of retinoic
500 ng/ml tRA in 2ml of plasma without inhibitors, acid was carried out at®@ with the addition of 2Qul
whereas the interconversion decreased @@ & 1.7% of 0.5 mM NEM and 1.5 mM Vit. C in 20Qu plasma.
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Fig. 2. Percentage of interconversion in plasma (me&D.) from tRA (initial concentration 500 ng/ml, black column) to 13-cRA and
from 13-cRA (initial concentration 800 ng/ml, white column) to tRA at’Z5with various amounts of chemical inhibitors NEM and Vit. C.

The extraction procedures of tRA in the biological cesses should be performed as close %G @s possi-
sample used in this study were comparable to most ble. In addition, the isomerization in the plasma dur-
published analytical method48—-20] As mentioned ing the extraction was not blocked in the absence
earlier, precautions have to be taken during sample of these chemical inhibitors at°@. Thus, our study
preparation to prevent photoisomerization and oxida- showed that the interconversion of RA was abolished
tion of the retinoids. The isomerization of retinoic acid by adding a thiol-blocking agent NEM with an antiox-
can be mediated by adding NEM. This isomerization idant Vit. C at 0°C before extraction.
in the plasma might probably cause by thiol-containing
compound[25]. Vit. C and other compounds such 3.2. Analysis of tRA, 9-cRA and 13-cRA by HPLC
as ethlyenediaminetetraacetate (EDTA) and BHT had in the plasma
been used to prevent oxidation of retinoids in the bi-
ological samples before extractif@0]. The need for tRA, 9-cRA, and 13-cRA as well as endogenous
antioxidants of the sample is dependent on the com- materials of plasma were well separated from each
plexity of the sample extraction processes and has to beother by using HPLC with retention time of 17.3,
investigated by individual analytical method. There- 16.4 and 15.3min, respectively. The precision and
fore, a combination of thiol-blocking agent NEM with  accuracy of tRA and 13-cRA assay were confirmed
antioxidant agent Vit. C was tested in order to block by within-day and between-day calibration curves
the isomerization from tRA to 13-cRA and 13-cRA with various concentrations of tRA (1-1000 ng/ml)
to tRA in the biological samples. Our results demon- and cRA (5-800ng/ml) in plasmaTldble 1. For
strated that temperature was an important factor for within-day analysis, the coefficients of variation for
controlling the degree of isomerization between tRA tRA and 13-cRA were all less than 5.25% for both
and 13-cRA during the sample preparation. These pro- analytes and the deviation from the expected concen-
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Fig. 3. Percentage of interconversion in plasma (me&hD.) from tRA (initial concentration 500 ng/ml, black column) to 13-cRA and
from 13-cRA (initial concentration 800 ng/ml, white column) to tRA &@with various amounts of chemical inhibitors NEM (0.5 mM)
and Vit. C (1.5mM).

Table 1
Precision and accuracy of dHans retinoic acid (tRA) and 13is retinoic acid (13-cRA) in plasma by the HPLC method

tRA 13-cRA

Concentration (ng/ml) CV (%) Accuracy (% mean deviation) Concentration (ng/ml) CV (%) Accuracy (% mean deviation)
Within-day ( = 6)

1 3.56 191 5 2.61 1.19
5 3.61 1.19 15 5.11 —0.09
10 5.11 —5.92 25 2.49 -5.13
50 2.49 4.79 50 2.67 —0.68
75 2.67 —0.46 100 5.25 7.72
400 5.25 —5.58 400 2.68 1.55
500 2.68 2.37 500 2.92 —3.89
1000 2.92 1.28 800 2.07 —2.36
Between-day r{f = 6)
1 8.80 5.60 5 5.57 —2.72
5 7.32 2.36 15 2.16 0.92
10 5.12 -3.02 25 2.50 —5.30
50 1.66 241 50 2.66 1.00
75 2.63 0.23 100 4.30 4.90
400 3.03 —0.26 400 2.16 2.46
500 1.84 1.48 500 6.57 0.91

1000 131 0.35 800 4.86 —-3.49
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Fig. 4. The plasma concentration of tRA and 13-cRA after oral administration of 45smgémday of tRA in the two hepatocellular
carcinoma patients. Both the tRA and 13-cRA concentrations were measured in single dose administration (course 1, day 1) and after
continuous treatment (course 4, day 7).

tration, as a measurement of accuracy, ranged fromfrom —3.02 to 5.60% for tRA and from-5.30 to
—5.58 t0+4.79% for tRA and-5.13 to+7.72% for 4.90% for 13-cRA. These results indicate that this
13-cRA. For between-day analysis, the coefficients of method is precise and accurate. The recovery was
variation of between-day for tRA and 13-cRA were determined by comparing the peak height from un-
less than 8.80 and 6.57%, respectively. The respec-extracted standards with those of extracted standards,
tive deviation from the expected concentration ranged across the range of each standard curve. The mean
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Table 2
Pharmacokinetic parameters of ks retinoic acid after oral administration of 45 mg/rall-trans retinoic acid in two patients
Pharmacokinetic parameters Patient 1 Patient 2

Course 1 (day 1) Course 4 (day 7) Course 1 (day 1) Course 4 (day 7)
Tmax (h) 2.0 15 25 2.0
Crax (ng/ml) 331.55 100.46 353.58 265.17
AUCo_,; (ngh/ml) 677.4 2314 887.4 612.4
AUC, (ngh/ml) 681.33 235.20 888.06 612.55
AUMCo.,; (ng HP/ml) 1769.27 604.89 2612.8 1757.7
MRT (h) 2.65 2.61 2.94 2.87
B (h™h 0.51 0.52 0.72 0.81
t1/2(8) (h) 1.36 1.33 0.97 0.85
Vg/F (IIm?) 129.50 366.24 70.86 90.39
CL/F (Ilhm?) 66.05 191.32 50.67 73.46

B rate constants for elimination phasgp(p): the half life of drug in the elimination phas¥y/F: volume of the distribution, AUG: area
under plasma concentration—time curve to time infinity, EELtbtal plasma clearanc€; fraction of absorption, MRT: mean resident time.

recovery of the analytes was 78-94% for tRA and tRA and 13-cRA in hepatoma patients were listed in
80-92% for 13-cRA over the constructed calibration Tables 2 and 3respectively. In plasma, tRA is rapidly
concentration ranges. The limitation of quantitation converted to its major metabolite, 13-cRA. After 2h
of tRA and 13-cRA were 1 and 5ng/ml, respectively. ingestion of tRA (70-80 mg) at the first course day 1
treatment, the concentrations of tRA and 13-cRA were
3.3. Pilot pharmacokinetics rapidly raised, and reached the peak concentration of
34257 4+ 157 and 6337 & 14.9 ng/ml, respectively.
The HPLC method has been successfully applied to
the pharmacokinetic study in two hepatoma patients 3.3.1. Pharmacokinetics of tRA after repeatedly oral
after receiving 45mg/f per day tRA orally. The administration of tRA
plasma concentration-time curves of tRA and 13-cRA  In addition to the pharmacokinetic properties of
after oral administration of tRA were shownHig. 4. treatment on day 1, the pharmacokinetics of tRA and
The corresponding pharmacokinetic parameters of cRA of the fourth course continuous treatment on day

Table 3
Pharmacokinetic parameters of @3-retinoic acid after oral administration of 45 mgfrall-trans retinoic acid in two patients
Pharmacokinetic parameters Patient 1 Patient 2

Course 1 (day 1) Course 4 (day 7) Course 1 (day 1) Course 4 (day 7)
Tmax (h) 2.0 2.0 3.0 2.0
Crax (ng/ml) 52.7 35.5 73.9 101.6
AUCo_,; (ngh/ml) 99.2 93.9 236.9 261.5
AUC,, (ngh/ml) 103.3 99.6 238.4 236.9
AUMCo_; (ng HP/ml) 249.4 284.6 768.8 759.9
MRT (h) 0.40 0.33 0.31 0.34
B (h™h 0.85 0.40 0.52 0.63
t1/2(8) (h) 0.81 1.74 1.33 1.09
Vg/F (IIm?) 511.21 1131.62 362.98 268.54
CL/F (Ilhm?) 435.7 451.62 188.75 170.47

B rate constants for elimination phasgp(g): the half life of drug in the elimination phas¥y/F: volume of the distribution, AUG: area
under plasma concentration—time curve to time infinity, EELtbtal plasma clearanc€; fraction of absorption, MRT: mean resident time.
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7 were also evaluated. Two patients were evaluated onthe addition of converting inhibitors NEM and Vit. C,
day 1 and day 7 after treatment with a single oral tRA (2) the minimum concentration of NEM and Vit. C re-
dose of 45 mg/rhiper day. The plasma tRA concentra- quired to inhibit the interconversion were estimated to
tions up to 12 h after oral administration of tRA were be 50 and 15Q.M, respectively, (3) higher concentra-
analyzed. The calculated plasma AUCs for the two pa- tions of inhibitors were required to completely prevent
tients on day 1 were 677 and 887 ng h/ml, and those on the interconversion at higher temperature, and (4) the
day 7 were 231 and 612 ng h/ml. The AUC of both pa- HPLC method has successfully been applied to the pi-
tients on day 7 were significantly lower than those on lot pharmacokinetic study of tRA and 13-cRA in two

day 1. TheirCyax on day 1 were 331 and 353 ng/ml,
and theilCpyax 0n day 7 (100 and 265 ng/ml) were also

significantly lower when compared to those on day 1.

Thety/2(B) of tRA on day 1 were similar to those on
day 7. Similarly, their MRT were 2.65 and 2.61h at
day 1, and 2.94 and 2.87 h at day 7. Their Ebf tRA
increased about two-fold on day 7 (191 and 73 1A m
when compared to those on day 1 (66 and 50 fhm
Their Vy/F of tRA also increased nearly two-fold on
day 7 (366 and 901/&) when compared to those on
day 1 (129 and 701/A).

3.3.2. Pharmacokinetics of 13-cRA after oral
administration of tRA

After oral administration of tRA, the major metabo-
lite, 13-cRA, was formed within 0.5h and reached

patients with hepatocellular carcinoma.
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