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Abstract

A new method of high-performance liquid chromatography (HPLC) analysis to quantify isomers of retinol, retinal and
retinoic acid simultaneously was established. The HPLC system consisted of a silica gel absorption column and a linear
gradient with two kinds of solvents containing n-Hexane, 2-propanol, and glacial acetic acid in different ratios. It separated
six retinoic acid isomers (13-cis, 9-cis, all-trans, all-trans-4-oxo, 9-cis-4-oxo, 13-cis-4-oxo), three retinal isomers (13-cis-,
9-cis-, and all-trans) and two retinol isomers (13-cis- and all-trans). Human serum samples were subjected to this HPLC
analysis and at least, all-trans retinol, 13-cis retinol, and all-trans retinoic acid were detectable. This HPLC system is useful
for evaluating retinoic acid formation from retinol via a two-step oxidation pathway. Moreover, it could be applied to
monitoring the concentrations of various retinoids, including all-trans retinoic acid in human sera.  2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction ing 13-cis-retinoic acid, 9-cis-retinoic acid, all-trans-
retinoic acid, 13-cis-retinol, all-trans-retinol, all-

Retinoids are important factors for normal cell trans-4-oxo-retinoic acid and 13-cis-4-oxo-retinoic
differentiation and proliferation [1]. Various retinoids acid [2]. It is a useful tool to determine the con-
have geometrical isoforms and the biological action centrations of these retinoid isoforms, however,
of each isoform is known to differ. It is therefore retinal isomers have not been subjected to this HPLC
important to assay each isomer separately to under- analysis.
stand the characteristics of retinoids. Recently, Lan- Retinoic acid is formed from retinol (vitamin A)
vers and co-workers established an HPLC method via a two-step oxidation process. Some isozymes of
for simultaneously assaying various retinoids includ- alcohol dehydrogenase (ADH) have been shown to

oxidize retinol (an alcohol) to retinal (an aldehyde),
while isozymes of aldehyde dehydrogenase (ALDH)*Corresponding author. Tel.: 181-3-3353-1211 (Ext. 62298);
and those of retinal dehydrogenase (RDH) oxidizefax: 181-3-3353-6247.

E-mail address: yokoyama@mc.med.keio.ac.jp (H. Yokoyama). retinal to retinoic acid [3]. It is therefore important to
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Table 1assay isomers of retinol, retinal and retinoic acid
New HPLC conditions to separate various retinoids simultaneous-simultaneously to understand retinoic acid formation
ly

via two-step oxidation. Then, we applied Lanvers’
a bTime Solvent A (%) Solvent B (%)method to the evaluation of the two-step oxidation

process. However, the method was insufficient for 0.0 100 0
15.0 100 0the evaluation since it could not separate all-trans
25.0 0 100retinal and 13-cis retinoic acid clearly. The aim of
35.0 0 100

this study was to establish a new method that could 45.0 100 0
fully evaluate the two-step oxidation process by 59.0 100 0
which retinoic acid is formed from retinol. In

Flow-rate 1.0 ml /min.
aaddition, we applied a new HPLC system to detect Solvent A n-Hexane: Iso propanol:Acetic acid51000:43:

various retinoids in human sera. 0.675.
b Solvent B n-Hexane: Iso propanol:Acetic acid51000:17.5:

0.675.

2. Materials and methods

2.1. Standard retinoids
1 ml /min for 60 min at 25618C and samples were

13-cis retinoic acid, all-trans retinoic acid, 13-cis kept at 108C until analysis. Each retinoid was
retinal, 9-cis retinal, and all-trans retinal and 13-cis detected by a UV detector at a wavelength of 350
retinol were purchased from Sigma (St Louis, MO, nm.
USA). 9-cis retinoic acid (Ro 04-4079), all-trans
retinol (Ro 01-4955), all-trans-4-oxo retinoic acid 2.3. Quantification of retinoids
(Ro 12-4824), 9-cis-4-oxo retinoic acid (Ro 47-
8078), 13-cis-4-oxo retinoic acid (Ro 22-6595), and Retinoids of various concentrations were subjected
ethyl-p-[(E)-2-(5,6,7,8-tetrahydro-5,5,8,8-tetra- to HPLC analysis. The relationship between each
methyl-2-naphthyl)-1-propenyl] phenyl sulfone (Ro retinoid concentration and altitude of area under the
15-1570) were kindly donated by Hoffmann-La curve of each peak was examined by linear least-
Roche (Basel Switzerland). squares regression analysis.

2.2. HPLC conditions 2.4. Detection of retinoids in human sera

All experiments were done under light shielded Blood specimens were collected from the authors
conditions. The Hitachi HPLC system consisted of of this report. Each specimen was centrifuged at
an auto sampler (AS-4000), a pump (L-6300), an 3000 g for 5 min and 3.5 ml of serum fraction was
ultra violet (UV) detector (L-4000), and a chromato collected. To the fraction, 3.5 ml of ethanol (Sigma),
integrator (D-2500) with a silica gel adsorption 1.5 ml of 2 M sodium hydroxide (Sigma) and 0.4 ml
column (Inertsil SILICA 100-5; 4.6 mm I.D.x 25 cm, of 50 mM of ethyl-p-[(E)-2-(5,6,7,8-tetrahydro-
GL-Science Inc., Tokyo Japan) which were used for 5,5,8,8-tetramethyl-2-naphthyl)-1-propenyl] phenyl
the experiments. Various retinoids were dissolved in sulfone (arotenoid) as an internal standard, and 4 ml
a solvent containing n-hexane (Sigma), 2-propanol of n-hexane were added. After shaking for 10 min,
(Sigma) and glacial acetic acid (Sigma) at a ratio of the mixture was centrifuged at 200 g for 5 min.
1000:4.3: 0.675 (Solvent A). The new HPLC con- Three ml of the upper layer fraction (organic layer;
ditions are summarized in Table 1. Samples were Fraction A) and 3 ml of the lower layer fraction
separated by a linear gradient with Solvent A and (water layer) were collected separately. To the water
another solvent containing n-hexane, 2-propanol and layer fraction, 3 ml of 2 M hydrochloric acid
glacial acetic acid at a ratio of 1000: 17.5:0.675 (Sigma) and 4 ml of n-hexane were added. After
(Solvent B). The injection volume was 50 ml on each shaking for 10 min, the mixture was centrifuged at
run and the separation was done at a flow rate of 200 g for 5 min and 3 ml of the top layer fraction
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(organic layer; Fraction B) was collected. Organic
solvents were evaporated from Fractions A and B
with nitrogen gas and each residue was re-dissolved
in 200 ml of n-hexane and subjected to HPLC
analysis.

2.5. Statistical analysis

Values are expressed by mean6SD. Scattering of
each parameter was assessed by coefficient of vari-
ation analysis.

3. Results and discussion

Recently, our interest has focused on retinoic acid
formation from retinol via a two-step oxidation
process. In the process, retinol is oxidized to retinal,
and in turn, retinal is oxidized to retinoic acid. To
understand the process, each isomer of retinol, retinal
and retinoic acid should be simultaneously quan-

Fig. 1. Separation of various retinoids by HPLC. The newlytified. Recently, Lanvers and co-workers reported an
established HPLC conditions enabled separation of 13-cis-retinal

HPLC method to separate various retinoid isomers (1), 9-cis retinal (2), all-trans retinal (3), 13-cis retinoic acid (4),
simultaneously [2]. We applied this method to the 9-cis-retinoic acid (5), all-trans-retinoic acid (6), 13-cis-retinol
evaluation of the two-step oxidation process. How- (7), all-trans-retinol (8), all-trans-4-oxo retinoic acid (9), 9-cis-4-

oxo-retinoic acid (10), 13-cis-4-oxo-retinoic acid (11) and Roever, the conditions were insufficient for the evalua-
15-1570 (I.S.).tion since we could not separate all-trans retinal and

13-cis retinoic acids clearly. Thus, the HPLC con-
ditions were improved.

To do this, the concentration of isopropanol in the
mobile phase and gradient conditions were modified. cis-4-oxo retinoic acid (11) and Ro 15-1570 (I.S.).
However, these changes resulted in failure. Then, This HPLC assay will be useful to assess the two
since increasing the specific surface area of the step oxidation process in which retinoic acid is
column is known to improve the separation capacity, produced from retinol.
the specific surface area of the column was increased The retention time of each retinoid was fully

2from 350 m /g appeared in Lanvers’ conditions to reproducible on a within-day basis analysis. The
2450 m /g. This improvement enabled us to separate coefficients of variation were from 0.11 to 1.08%.

all-trans retinal and 13-cis retinoic acid without However, the variation was rather large on a day-to-
spoiling the other separations. Moreover, we found day basis analysis with coefficient of variation was
that the new column enabled us to separate all from 0.80 to 5.74%. Especially, those of 13-cis
retinoids studied at this time by a simple gradient, retinoic acid, 9-cis retinoic acid, and all-trans reti-
which was different from the rather complicated noic acid were large (5.74, 5.46 and 4.96%, respec-
multi step gradient in Lanvers’s method. tively). To correct this error, authentic retinoids must

As shown in Fig. 1, the new conditions enabled be analyzed at least once per day to determining the
separation of 13-cis retinal (1), 9-cis retinal (2), daily retention time of each retinoid. Although we do
all-trans retinal (3), 13-cis retinoic acid (4), 9-cis not know the exact reason for such variation, we
retinoic acid (5), all-trans retinoic acid (6), 13-cis believe that it is at least in part caused by changes in
retinol (7), all-trans retinol (8), all-trans-4-oxo the column conditions. Indeed, the sharp retinoic
retinoic acid (9), 9-cis-4-oxo retinoic acid (10), 13- acid peaks degenerated into broad peaks after
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repeated analyses and rinsing the column retinoid. Least-squares regression analysis demon-
with ethanol was required to revive it. strated that this HPLC analysis could quantify reti-

The correlation between concentration and altitude noic acid from 2.5 to 600 ng/ml, retinal from 2.5 to
of area under the peak curve was studied in each 1000 ng/ml, or retinol from 5 to 1000 ng/ml. The

quantification of retinol, retinal, and retinoic acid
were fully reproducible on both within-day and day-
to-day basis analyses if samples were kept at 2 208C
under light shielded conditions.

Then, we examined whether the new HPLC
conditions were suitable to quantify various retinoids
in human sera. Retinol and retinal were extracted
from human sera by n-hexane (Fraction A), whereas
retinoic acid was, at first, collected into the water
layer under alkaline conditions, then extracted by
n-hexane after neutralization (Fraction B). As shown
in Fig. 2a, at least, all-trans retinal, 13 cis-retinol,
and all-trans retinol were detectable in Fraction A.
Moreover, as shown in Fig. 2b, all-trans retinoic acid
and 13-cis retinoic acid were detectable in Fraction
B, whereas 9-cis retinoic acid could not be found in
this condition. All-trans retinoic acid is used for
treatment of a particular leukemia [4], however, it
sometimes produces lethal events known as all-trans
retinoic acid syndrome [5]. Thus, it is important to
monitor all-trans retinoic acid levels in human sera
to avoid its adverse effects. This HPLC assay will be
a useful tool to prevent all-trans retinoic acid
syndrome in clinical settings.
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