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Abstract

In this study, a method for partly automated sample preparation and fully automated solid-phase extraction method for plasma, kidney
and liver samples for various retinoids like &lins-4-oxo-retinoic acid, 13is-4-oxo-retinoic acid, 13is-retinoic acid, 9eis-retinoic acid,
all-trans-retinoic acid, retinol and retinyl palmitate was established. Plasma, embryo-, kidney-and liver-hnomogenates were automatically
mixed and extracted on multiple usage solid-phase (C2) extraction cartridges immediately before HPLC analysis. Automated cleaning,
preconditioning and incorporation of the loaded cartridge to fully automated HPLC separation and quantification of the various retinoids in a
single HPLC run was established. The recovery of the retinoids was generally between 80 and 90%. Intra-day repeatatilityy¢af\s
little as 1.2 ng/ml could be quantified in lipid-mixture standard samples. This method allows a highly automated sample preparation and a fully
automated solid-phase extraction with good selectivity for the study of endogenous retinoids and retinoids after nutritional supplementations
and pharmacological applications in several biological samples.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction drying with a high risk of inadvertent oxidation and isomeri-
sation of labile retinoid410] automated routine analysis

Retinoids, derivatives of Vitamin A alcohol (retinol), HPLC methods including semi-automated column switch-
are involved in several physiological processes such asing methodg11-16] or solid-phase extractions have been

embryonic development, growth and differentiatifin?2]. established17-19]
Retinoids are important micronutrients in the human diet In the present study, we developed a partly automated
and are mainly taken up as retinyl esters and retjBpl sample preparation, fully automated solid-phase extraction

Retinol is metabolised to various polar and unpolar metabo- and immediately following fully automated reversed-phase
lites, namely retinoic acid isomers, 4-oxo-retinoic acid gradient HPLC method. The separation, quantification and
isomers and retinyl esters (for a revigd,5]). Some of identification of various retinoids like 4-oxo-retinoic acid
these retinoids transmit important physiological functions isomers, retinoic acid isomers, retinol and retinyl palmitate
via mediation of gene transcription as ligands of the nu- (Fig. 1) could be performed for various tissues (plasma,
clear retinoic acid receptors and/or the retinoid-X-receptors embryo-, kidney- and liver-homogenates).
[6].

Currently methods are available for determination of po-
lar retinoids or unpolar retinoids and a few of them for the o Experimental
simultaneous detennination of polar and unpolar retinoids
(for a review see[7-9]). In comparison to the highly la- 51 chemicals
borious liquid-liquid extraction methods including nitrogen

All- trans-retinoic acid, 13cis-retinoic acid, 9eis-retinoic
* Corresponding author. Tek+49-172-3170905: acid, retinyl palmlta'Fe and retinol were kindly provided
fax: +49-33200-88-553. by BASF AG (Ludwigshafen, Germany), dlans-4-oxo-
E-mail address: ralphruehl@web.de (R. Riihl). retinoic acid and 13is-4-oxo-retinoic acid by Roche

1570-0232/$ — see front matter © 2003 Elsevier B.V. All rights reserved.
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Fig. 1. Structural formulas of the retinoids (AT4AOXORA: &léns-4-oxo-retinoic acid; 13C40X0ORA: 18is-4-oxo-retinoic acid; 13CRA: 18is-retinoic
acid; 9CRA: 9eisretinoic acid; ATRA: alltrans-retinoic acid; ROL: retinol; RETPAL: retinyl palmitate).

Vitamins (Basle, Switzerland). Lipid-mixture 1 (a mixture 2.4. Sample pre-treatment

of non-animal derived fatty acids) and ammonium ac-

etate were obtained from Sigma (Deisenhofen, Germany), About 125ul of lipid-mixture standard samples (as a
methanol, acetonitrile and isopropanol were purchased fromnon-Vitamin A containing standard for biological fluids)
Roth (Lage, Germany). Water was deionised and purified or plasma/serum were accurately diluted with a three-fold
by a Reinstwassersystem TYP HP 6 UV/UF (TKA-Lab, excess of isopropanol. After 3min of shaking the precipi-

Germany). tated protein was pelleted by centrifugation. Kidneys from
one animal were pooled and diluted with 1volume of wa-
2.2. Laboratory precautions ter, embryo samples were not diluted and the organs were

minced with scissors. One hundred twenty-five microlitres of

As retinoids are sensitive to light, all experiments (sample this preparation was diluted with a three-fold excess of iso-
preparation as well as the HPLC analysis) were carried out propanol and disrupted by ultrasonic treatment on ice. Liver
under dim yellow light. Due to standardised HPLC analysis Was diluted with a nine-fold excess of ice-cold 0.9% aqueous
and sample preparation all laboratory work was performed NaCl solution and homogenised with a Teflon-glass potter.

at 23°C. One hundred twenty-five microlitres of the homogenate was
diluted with a three-fold excess of isopropanol and disrupted
2.3. Sample collection by ultrasonic treatment on id&7,21] Each of the biologi-

cal sample dilutions (serum/embryo/kidney/liver) were cen-

NMRI mice were treated with alransretinoic acid  trifuged for 6 min and 41Q.l of the supernatant were placed
(10 mg/kg body weight) by oral application in 25% aque- into the AS3000 (Thermoquest, Darmstadt, Germany) auto-
ous Cremophor EL solution (5ml/kg body weigHg0], sampler Table J.
and killed by decapitation after 4 h. Kidney samples were
collected and immediately stored at80°C until anal- 2.5. Automated solid-phase extraction
ysis. Mouse embryo samples of gestational day 12.5
were obtained from pregnant NMRI mice (Charles River,  Solid-phase extraction and clean up were achieved us-
Sulzfelden, Germany) and rat plasma was taken from maleing an on-line solid-phase extraction unit, consisting of
Wistar rats (Charles River). All experiments were approved a L-7100A intelligent pump (Thermoquest, Darmstadt,
by the respective authorities from Land Berlin or Branden- Germany), a WE-IIb, electric actuator (Valco, Schenkon,
burg, Germany. Switzerland) and an autosampler AS3000 (Thermoquest,
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Table 1 ent standard retinoids in standard samples which were run
AS3000 program in sample preparation mode. “Dilution” configuration routinely every day.

for automated sample preparation Prior to sample injection the cartridges were precon-

1 Load! 500 S1-buffef-® ditioned and equilibrated. The AS3000, with connection
g /'z'go'j@ 61388““: famp'é . to 3bar air pressure at the “AIR IN” outlet, a 15D

4 Mix? Ogmin 0 samp sample coil, a 25001 sample preparation syringe and a
5 Load 40@ S1-buffer 2500p] sample syringe containing 50% methanol/50%
6 PickLG 100l Sample 60 mM aqueous ammonium acetate solution as purge solu-
7 Add 500wt To sample tion automatically prepares before each HPLC analysis the
8 Mix 0.5min biological extract for solid-phase extractionaple 1. Fif-

9 Load 30Qul S1-buffer . . . . .

10 PickLG 1004 Ssample teen hundred microlitres of this freshly prepared biological
1 Add 4004l To sample extract were then automatically inje(_:ted _into the 1p00

12 Mix 1min sample loop of the AS3000. The biological extract was

8These terms are variables in the dilution mode of the AS3000. tr_anSferred by a solvent co_mposed of 2% aqueous ammo-

b S1-buffer (optional solvent delivery of the AS3000: in our method NIUM acetate onto the cartridge. Solvent A (methanol) was
2% aqueous ammonium acetate solution). used for cleaning of the cartridge; B and C (85% (0.5%

agueous ammonium acetate solution (B)): 15% acetonitrile
(C)) for loading and washing of the cartridge after sam-

Darmstadt, Germany)~g. 2. The autosampler was con- ple solid-phase extraction and D (2% aqueous ammonium
nected to the sample enrichment cartridge (manu-CART acetate solution) for preconditioning and transfer of the
“4" cartridge holder), LiChroCART cartridges (4mm i.d., biological sample onto the cartridge. This whole procedure
20 mm length) controlled by the WE-IIb electric actuator was controlled by a progranTgble 2 of the L-7100A (the
and fitted inside LiChroCART sealing elements (1.51254) L-7100A must be connected without the internal mixing
(Merck KGaA, Darmstadt, Germany) self-packed with chamber), which is automatically started by the AS3000 af-
C2-modified silica (isolute-C2 sorbent, 40-Z@, ICT ter completion of sample preparation and filling the sample
Handels-GmbH, Bad Homburg, Germany). In-between the loop (Fig. 2).
autosampler and the sample enrichment cartridge a manual Time events were defined in the time program of the
injection port (Rheodyne 1700, Merck Eurolab, Bruchsal, L-7100A for the sample enrichment, clean up, sample
Germany) with a 2@ sample loop was installed~(g. 2). cartridge incorporation, WE-IIb electronic actuator func-
The sample containing cartridges were integrated by ations and start of the computer program and multilinear
valve switching technique into the analytical cycle. C2 car- gradient of the L-7100A Table ). Before each HPLC
tridges were used up to 100 times or exchanged earlier dueanalysis the cartridge was cleaned, preconditioned and
to non-appropriate recovery and separation of the differ- loaded.

degasser analytical manual injection module
pump including syringe computer and integration software
= | P4000 1
B — —
A = o 5
CB: =] ;;Z)(l:gg?i:;rgﬂ;p : H diode array detector
D = % column oven with inline filter
7 and analytical column inside
L] |
WE-IIb electric actuator with sample extraction

cooled cartridge in the analytical position

sample

tray "

sample coil

AS3000 autosampler capillary connections

including valve, sample tray

! electronic connections trash
and sample coil -

Fig. 2. Schematic representation of the HPLC pre-column switching system.
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Table 2
L7100A pump program
Time Solvent Flow (ml/min) Event Description
(min)
A B Cc D F
0.0 0 85 15 0 0 12 WE-IIb valve in position B (sample preparation position)
0.1 0 85 15 0 1.0
2.6 0 85 15 0 1.0
2.7 0 85 15 0 0
3.8 22 WE-IIb valve in position A (analysis position)
3.9 30 Start for pump-and computer program
47.0 12 WE-IIb valve in position B
47.1 100 0 0 0 1.0
47.2 100 0 0 0 2.0
48.2 100 0 0 0 2.0
48.5 100 0 0 0 2.0
48.6 0 0 0 100 2.0
50.0 0 0 0 100 2.0
50.9 0 0 0 100 2.0
51.0 0 100 0 0 0
52.0 0 100 0 0 0

A: preparation solvent A (methanol); B: preparation solvent B (0.5% agqueous ammonium acetate solution); C: preparation solvent C (acetonitrile); D
preparation solvent D (2% aqueous ammonium acetate solution).

2.6. Chromatographic system give a final concentration of 1Q0g/ml. All stock solutions
were stored in darkness a20°C.
The HPLC system consisted of an HPLC pump P4000
(Thermoquest, Darmstadt, Germany) connected to a sys-2.8. Calibration
tem controller SN4000 including a PC-interface and Chrom

Quest-software, as a controller and integrator. AUV6000LP  The reference retinoids used in the assay validation were
diode array detector was also part of the analytic equipmenta|| prepared by spiking a lipid-mixture | solution (as a
(all from Thermoquest, Darmstadt, Germany). The eluents non-Vitamin A containing standard for biological fluids),
were degassed using a SCM1000 (Thermoquest, Darmstadthuman serum, rat kidney extract and mouse liver extract with
Germany) prior to mixing, then passed through an in-line ethanolic solutions of the retinoids (atlans-4-oxo-retinoic
filter (1-2pum) (Knauer, Berlin, Germany) before reaching acid, 13eis-4-oxo-retinoic acid, 13isretinoic acid,
the analytical column (120 mx 4 mm i.d. with Spherisorb  9-cis-retinoic acid, alltrans-retinoic acid, retinol and retinyl
ODS2, 3um) (Bischoff Chromatography, Leonberg, Ger- palmitate) with different concentrations of the retinoids.
many) embedded in a column thermostat jetstream 8 plusEthanolic solutions were directly injected into the manual
(Knauer AG, Berlin, Germany). A multilinear gradient was injection port when the extraction cartridge is incorpo-
formed from solvent A (methanol) and solvent B (60 MM rated into the analytical cycle. The multilinear calibration
agueous ammonium acetate solution:methanol (1:1, v/V)).was carried out by measuring the lipid-mixture stan-
The gradient consisted of the following steps: 0.0 min 90% dards of six different concentrations (5, 10, 50, 100, 500,
B, 8.0min 45% B, 17.0min 1% B, 41.0min 1% B and 1000 ng/ml) of the seven retinoids in the spiked validation
41.5min 90% B. The flow rate was adjusted at 0.7 ml/min mixtures.

and the column was heated at®D comparable to Tzimas

et al.[22]. The detection wavelengths adjusted at the Chrom

Quest-software for detection and integration were 326 NM 3 Reqjlits

for retinol and retinyl palmitate and 354 nm for retinoic

acids and oxo-retinoic acids. The UV spectra of the several 3 1 Recovery

retinoids could additionally be qualified by determination of

UV spectra from the diode array UV detector UV6000LP Recovery was determined by comparing the peak areas

via the Chrom Quest-software. obtained from the different retinoids which have been spiked
to the lipid-mixture samples (LMSk(= 5) with those of
2.7. Sandard solutions direct manual injection = 5) of three different concentra-

tions (10, 100, 1000 ng/ml) and from spiked serum, kidney
Stock solutions of the seven retinoids were prepared by (n = 3) and liver extract{ = 3) at 100 ng/ml. The recover-
dissolving 10 mg of each substance in 100 ml ethanol, to ies of retinoids spiked to samples were >72% LMS, >81%
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Table 3
Recovery (compared with direct injections of the respective amounts of retinoids)
Retinoid Recovery (%)
10ng/ml «£7)? 100 ng/ml +4)? 1000 ng/ml +5)2
10ng/ml LMS f = 5) 100 ng/ml LMS ( = 5) 1000 ng/ml LMS § = 5)
AT40XORA 74+ 4 81+ 5 85+ 4
13C40XORA 79+ 8 97+ 5 102+ 4
13CRA 76+ 4 75+ 2 81+ 5
9CRA 80+ 8 76+ 2 81+5
ATRA 775 74+ 3 81+ 4
ATROL 81+ 6 72+ 2 72+ 5
RETPAL 95+ 8 95+ 2 98+ 3
100 ng/ml in
Plasma it = 5) Kidney extract if = 3) Liver extract o = 3)
AT40XORA 85+ 1 81+ 3 87+ 2
13C40XORA 108+ 1 100+ 4 89+ 5
13CRA 83+ 4 87+ 4 93+1
9CRA 81+ 2 86+ 4 9%+ 1
ATRA 95 + 2 83+ 5 95+ 2

Analysis of standard samples with 10, 100, 1000 ng/ml of the respective retinoids. Values given are based on the mean peak area values of five standard
samples and five direct injections. AT4AOXORA: #ihns-4-oxo-retinoic acid; 13C40XORA: 18is-4-oxo-retinoic acid; 13CRA: 18is-retinoic acid;
9CRA: 9<isretinoic acid; ATRA: alltrans-retinoic acid; ROL: retinol; RETPAL: retinyl palmitate; LMS: lipid-mixture sample.

a Direct injection = 6).

serum, >81% rat kidney extract and >87% rat liver extract 3.4. Linearity
(Table 3 for all determined retinoids.
Examination of linearity based on LMS standards with
3.2. Intra-day and inter-day variation 5/10/50/100/500/1000 ng/ml yielded a coefficient of regres-
sion >0.999 for all seven retinoids.
Intra-day variation (relative standard deviation, R.S.D.)
was <8.3% @ = 5), and inter-day variation of three con- 3.5. Application
secutive days<11.7% @ = 3) for all determined retinoids

in LMS standardsTable 4. Fig. 3A and E shows a typical chromatogram of a
LMS standard solution of all determined retinoidsg. 3B
3.3. Limit of detection and F shows a typical chromatogram of a mouse kid-

ney 4h after oral treatment of a NMRI mice with 10 mg
As little as 1.2ng/ml of all retinoids could be quanti- all-trans-retinoic acid/kg body weight;Fig. 3C and G
fied in LMS standard using a sample weight of 12%r shows a typical chromatogram of endogenous retinoids
mg, whereas 94l or mg were used after liquid extraction. in pooled embryos of gestational day 12.5 ard. 3D
Retinol and retinyl palmitate were detected at 326 nm and and Ha typical chromatogram of endogenous retinoids in rat

the other retinoids at 354 nm. plasma.

Table 4

Intra-day and inter-day variations expressed as relative standard deviations

Retinoid Intra-day variation (%)n(= 5) Inter-day variation (%)r( = 3)
10 ng/ml LMS-standard 100 ng/ml LMS-standard 1000 ng/ml LMS-standard 100 ng/ml LMS-standard

AT40XORA 3.9 5.0 4.0 2.6

I3C40XORA 8.3 4.9 4.3 3.0

13CRA 4.0 2.3 4.7 11.3

9CRA 8.2 2.2 4.6 10.5

ATRA 53 25 4.2 11.7

ATROL 5.9 2.2 4.8 8.7

RETPAL 7.5 2.4 3.1 3.9

AT40XORA: all-trans-4-oxo-retinoic acid; 13C40XORA: 18s-4-oxo-retinoic acid; 13CRA: 18isretinoic acid; 9CRA: %is-retinoic acid; ATRA:
all-trans-retinoic acid; ROL: retinol; RETPAL: retinyl palmitate; LMS: lipid-mixture sample.
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peak Y from mouse kidney sample peak X from mouse kidney sample
retention time 9.1 min retention time 5.6 min

Fig. 4. Comparison of the UV spectra of peaks X and Y from mouse kidney 4 h after oral treatment with 10tragsaittinoic acid/kg body weight
(Fig. 3B) in comparison to UV spectra of reference compounds.

Retinoid metabolites like aliFans-retinoyl3-p-glucu- 4. Discussion

ronide (ATRAG) in mouse kidney extracts from all-

trans-retinoic acid treated animals could be identified by = This method enables quantitative determination of po-
comparison of retention time (9.1 min for standard ATRAG lar and unpolar retinoidsF{g. 1) in plasma and tissues in
and peak Y) and UV spectra with comparable ki of a single-run HPLC separation. This method is automated
366 nm for the standard and 367 nm for peak Fig( 4). to a maximum extent. Especially the solid-phase extrac-
Additionally it could be ensured that peak X (retention tions is totally automated including an AS3000 autosam-
time 5.6 min) nearly coeluting with the reference compound pler and L-7100A intelligent pump for highly automated
all-trans-4-oxo-retinoic acid (ATAOXORA,; retention time sample preparation and solid-phase extraction and imme-
5.5min) is not by mistake calculated and identified ¢hi¥ diately following reversed phase HPLC analysis. Sample
of ATAOXORA: 356 nm; peak X: 326 nm) as AT4AOXORA pre-treatment step is kept simple by diluting the sample or
(Fig. 4. sample homogenate with a three-fold volume of isopropanaol,

Fig. 3. Typical HPLC chromatograms of: (A and E) LMS standard mixture sample dfaal-4-oxo-retinoic acid (1), 1®is-4-oxo-retinoic acid (2),
13<is-retinoic acid (3), Seis-retinoic acid (4), altrans-retinoic acid (5), retinol (6) and retinyl palmitate (7). (B and F) Mouse kidney sample 4 h after

oral treatment with 10 mg atkans-retinoic acid/kg body weighf20]. (C and G) Mouse embryo sample of gestational day 12.5. (D and H) Rat plasma
sample. All chromatograms were detected at 354 nm. Chromatograms at the left panel (A-D) show entire chromatogram in a range between 0 and 30 min
and chromatograms at the right panel (E-H) a range between 10 and 16 min of the chromatogram for improved determination of retinoic acids and
retinol with different kinds of magnifications, indicated by the area units under full scale (mAU).
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centrifugation and incorporation of the sample extract to ogy, School of Veterinary Medicine Hannover, Germany)

the autosampler. The automation ensures that all samplesand Elke Thom (Max Rubner Labor, Deutsches Institut fur

are processed in the same way and that time-consumingErndhrungsforschung) for help with the animal experiments.

and highly laborious sample preparation can be reduced

to a minimum. The sample preparation is comparable to
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