
Journal of Chromatography, 53 1 (1990) 48 l-508 

Biomedical Applications 

Elsevier Science Publishers B.V., Amsterdam 

CHROMBIO. 5402 

Review 

Chromatography of retinoids 

RONALD WYSS 

Department of Drug Metabolism. Pharmaceutical Research, F. Hofmann-La Roche Ltd., CH-4002 Base1 

iSwitzerland) 

(First received January 15th, 1990; revised manuscript received February IOth, 1990) 

CONTENTS 

List of abbreviations .......................... . ............................................................. 481 

1. Introduction ..................................... . ............................... . ... . ........ . ........ . .. 482 

2. Sample collection and storage ........................... ... . .... ... . ............................... .. 484 

3. Sample preparation ................................................................ . .... . ... . ........ . ... 485 

3.1, General ....................................................... __ ...................................... 485 

3.2. Biological fluids ................... ................. ... . ............. . .............................. 486 

3.3. Tissues ....... ....................................................................... . ................ 489 

4. Chromatographic techniques .... ..................... . ................................................. 490 

4.1. General ...... . ..................... . ..................... __ ........................................... 490 

4.2. Gas chromatography-mass spectrometry ......................................................... 49 1 

4.3. Normal-phase high-performance liquid chromatography ....................................... 494 

4.4. Reversed-phase high-performance liquid chromatography .. ... . ............................... 495 

4.5. Detection in high-performance liquid chromatography ......................................... 502 

5. Conclusions ........................... . ................. . ................................................. 505 

6. Summary ........ . ..................... ... ................. ................. __ .......................... 505 

7. Acknowledgements ........ . ....................................... . .......................... . ........ . 506 

References .................................................... ............ .... ........................... 506 

LIST OF ABBREVIATIONS 

BHT 
DL 
EDTA 
EI 
4-EPR 
FFAP 
GC 
GC-MS 
2-HER 
HPLC 

Butylated hydroxytoluene 
Detection limit 
Ethylenediaminetetraacetate 
Electron impact 
4-Ethoxyphenyl retinamide 
Free fatty acid phase 
Gas chromatography 
Gas chromatography-mass spectrometry 
2-Hydroxyethylretinamide 
High-performance liquid chromatography 

0378-4347!90:$03.50 mc 1990 Elsevier Science Publishers B.V 



482 

HPLCPMS 
4-HPR 
IS. 
LC 
4-MPR 
MS 
NARP 
NICI 
PICI 

QL 
RA 
SFC-MS 
SIM 
TLC 
uv 

R. WYSS 

High-performance liquid chromatography-mass spectrometry 
4-Hydroxyphenylretinamide 
Internal standard 
Liquid chromatography 
4-Methoxyphenylretinamide 
Mass spectrometry 
Non-aqueous reversed phase 
Negative-ion chemical ionization 
Positive-ion chemical ionization 
Quantification limit 
Retinoic acid (all-trans if not otherwise specified) 
Supercritical fluid chromatography-mass spectrometry 
Selected-ion monitormg 
Thin-layer chromatography 
Ultraviolet 

1 INTRODUCTION 

The term “retinoid” includes both the naturally occurring compounds with 
vitamin A activity and synthetic analogues of retinol, with or without biological 
activity [l]. Vitamin A (retmol) is essential for normal growth, vision, reproduc- 
tion and epithelial differentiation. Whereas retinol itself is required for reproduc- 
tion, its metabolite retinaldehyde (retinal) is the active form in the vrsion process. 
Retinorc acid (RA), another metabohte of retinol, is now seen as a fundamental 
mediator of cell differentiation and cell proliferatron. Retinoids as drugs have 
been shown to possess selective activity in proliferatron, differentiation, keratini- 
zation, sebum production, inflammation, immune reaction and tumour preven- 
tion and therapy [2]. A comprehensive two-volume monograph on the chemistry 
and biology of the retinoids has been published [l]. 

The rather slow progress in the investigation of the metabolism of vitamin A is 
due primarily to the lack of suitable techniques to deal with these extremely labile 
compounds. The development of high-performance liquid chromatography 
(HPLC) in the past 15 years revolutionized the isolation and separation of reti- 
nords, including their isomers. This resulted in the identification of many new 
metabolites of retmol. In addition, the use of retinoids as drugs in dermatology 
and cancer research has led to a number of drug assays during the past decade. A 
comprehensive review on the extraction, separation and chemrcal analysis of the 
retinoids by Frolik and Olson [3] can be found in the above-mentioned mono- 
graph on retinoids. Chromatography of retinoids was also discussed by Thomp- 
son [4] and De Leenheer et al. [5] in publications concerned with the determina- 
tion of fat-soluble vitamins. 

This review deals with modern chromatographic methods (mainly HPLC) for 
the determination of retmoids in biological samples. Retinol, retinyl esters and 
retinal, as well as multivitamin determinations, are not discussed, as this was the 
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topic of the excellent review by De Leenheer et al [5], which appeared quite 
recently. Retinoid researchers distinguish between first-generation retinoids, 
namely retinoic acids (tretinoin and isotretinoin) and their metabolites, aromatic 
retinoids (second generation), such as etretinate and acitretin, and the so-called 
arotmoids (third generation, see Fig 1). In this article, the emphasis IS on drug 
assays for these retinoids Papers describing the isolation and identification of 
metabolites are also mentioned, but without claim to completeness. For a more 
comprehensive description of these assays and the literature before 1980, the 
reader is referred to the article by Frolik and Olson [3]. 

2. SAMPLE COLLECTION AND STORAGE 

Retinoids are very sensitive to light and oxidation Therefore, special care has 
to be taken from the beginning of the sample collection, throughout storage, 
thawing, extraction, till the final separation step. It is well known, now, that 
retinoids isomerize under physiological conditions [6-S] To study these metabo- 
lic processes, further isomerization must be prevented after sample collection. 

Photoisomerization of retinoids was investigated by several authors. After 
exposure to fluorescent light for 2 h, only 77% of 13-cis-RA and 34% of etret- 
inate, respectively, could be recovered in serum [9]; even more degradation was 
observed in an organic solvent [9, lo] Goodman et al. [ 1 I] reported instability of 
13-cu-RA in ethyl acetate and plasma at 23-26X under standard fluorescent 
lighting. Equilibrium was reached in l-2 h with a final 13-cis-RA/RA ratio of 
75:20. Bugge et al. [12] exposed a pooled patient blood sample to white fluo- 
rescent light for 1 h. From the observation that etretinate, acitretin and 13-cu- 
acitretin concentrations were not significantly different from pre-exposure values, 
they concluded that whole blood provides better protection agamst photodecom- 
position than serum. 

In some cases, special storage conditions were used for biological samples to 
prevent oxidation of retmoids. These precautions included storage under mtro- 
gen or argon at - 70 or - 80°C [13,14], storage in liquid nitrogen [15,16], use of 
ascorbate and ethylenediaminetetraacetate (EDTA) in the Vacutainer tubes and 
storage of the plasma at - 35°C [17], or addition of butylated hydroxytoluene 
(BHT) to blood [18]. Zile et al. [ 191 collected bile under nitrogen over ice in vials 
containing pl-propyl gallate and BHT before storage at - 20°C. In most cases, the 
following precautions should be sufficient: blood samples should be protected 
from light and immediately centrifuged; the headspace above the plasma or se- 
rum in the tubes should be as small as possible, or the tubes could be flushed with 
nitrogen, or even better, with argon; tissue samples should be wrapped m alumi- 
nium foil to prevent dehydration. 

Stability investigations showed no decrease when 13-cis-RA was stored in 
plasma at - 20°C for 9 weeks [20] or for 3 months [21] In one case, instability was 
found ( - 20% to - 34% after 22 weeks at - 17°C) [22]. This could have been 
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caused by the use of a lo-ml tube containing only 1.5 ml of plasma (z.e. too great a 
headspace of air). In addition, stability investigations involving analysis of only 
one sample after a defined storage time cannot be significant Etretmate was 
reported to be stable in plasma for 8 weeks at -20°C [23], and acitretin and 
13-ci.s-acitretin for 90 days at - 20°C [24], at least. Third-generation retmoids are 
more stable than first- and second-generation retmords No decrease for temaro- 
tene could be found in human, dog or rat plasma at - 17°C after 60-70 days [25], 
or for Ro 13-7410 at -20°C for 7.5 months [26]. The stability of first- and 
second-generation retinords m plasma can be a problem at room temperature or 
37°C. Investigations by Cullum and Zrle [8] with RA revealed, mainly, the gener- 
ation of more polar compounds, rather than isomerization. The author’s own 
observation with RAs, etretinate or acitretin plasma samples indicates consrd- 
erable isomerization potential in the plasma from a few patients or volunteers. 
This isomerization is probably caused by thiol-containing compounds [27]. 

Finally, care should also be taken when calibration standards are prepared 
because of possible solubility problems with the retinoids Another important 
pitfall would be the occurrence of memory effects in the glassware or chroma- 
tographrc system [21,28]. 

3 SAMPLE PREPARATION 

3.1. General 

Before the chromatographic separation, the analyte has to be extracted from 
the biological matrix, first to achieve a clean-up of the sample and second to be 
able to prepare an injection solutron that is compatible with the chromatographic 
system. The second point is obvious for protein-containing or tissue samples. As 
previously mentioned, precautions have to be taken during sample preparation to 
prevent photoisomerization and oxidation of the retinords. This can be done by 
working under subdued or yellow light The tetraene system of the first- and 
second-generation retinoids is much more sensitive to light than that of the third- 
generation retmoids; however, the latter can also isomerize in solution. The need 
for antioxidants and/or flushing of the sample with nitrogen or argon 1s depend- 
ent on the complexity of the sample work-up As mentioned by Thompson [4], 
evaporation should be avoided whenever possible, and then addition of antiox- 
idants is not absolutely necessary. However, several methods describe the addi- 
tion of BHT, ascorbic acid or n-propyl gallate before extraction, and the benefit 
of this measure should be investigated for every analytical method. Another diffi- 
culty in dealing with retinord extraction is to overcome the high and strong pro- 
tem binding and the low solubility of these compounds in aqueous solution, 
which hamper the transfer from the protein to a water-rmmiscible extraction 
solvent through a hydrophilic phase. 

In the recent past, the determination of retinoids in plasma, serum or blood for 
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pharmacokinetic studies or therapeutic drug monitoring has assumed increasing 
importance. Other biological fluids analysed were bile, urine and, less frequently, 
cerebrospinal fluid [l 11, amniotic fluid [29], or lacrimal gland fluid or tears [30]. 
Different tissues, such as liver, kidney, small intestine, etc., as well as different cell 
cultures, have been analysed for metabolic studies. A topic of great interest IS the 
determination of retinolds m skin, which has gained more and more importance 
in connection with the use of retinoids in dermatology. 

3.2. Biological$uids 

The simplest way to analyse biological fluids would be direct injection mto the 
HPLC system. Usmg conventional columns, this is only possible for protein-free 
fluids (or fluids with rather low content of proteins), as reported for bile [31-331, 
cerebrospinal fluid [ 1 l] or lacrimal gland fluid and tears [30]. For plasma, serum 
or whole blood, a simple protein precipitation can be performed. Methanol [34] 
and acetonitrile [35] were used, but did not produce very sensitive methods (100 
ng/ml) owing to the lack of a concentration step and a clean-up step. An improve- 
ment was obtained by Verweij et al. [36], using acetonitrile-tetrahydrofuran- 
acetic acid (780:80:5) with ammonium acetate for deproteination, followed by 
addition of water before injection. However, this method is only briefly described, 
and no chromatograms are shown. Addition of butanol-acetomtrile (1.1) to se- 
rum (McClean et al. [9]) or to blood [12,18], followed by dipotassium hydrogen- 
phosphate, resulted in a phase separation and, therefore, a concentration effect. 
Kerr et al. [ 171 used protein precipitation with methanol, followed by evaporation 
of the solvent 

Most methods consist of a classical liquid-liquid extraction. However, to opti- 
mize the recovery of the retinoids, special measures are needed. One way is to 
liberate the retinoid from the plasma proteins by protein precipitation with a 
water-miscible solvent. For example, after deprotemation with methanol, 0.2 M 
acetate buffer is added, followed by hexane-dlchloromethane-2-propanol 
(80: 19: 1) for extraction [37]. Alternatively, acidic methanol may be used in com- 
bination with hexane [ 14,381. Other laboratories performed the protein precip- 
itation with ethanol followed by extraction with ethyl acetate [39] or hexane 
[40,41]. After ethanol addition, De Leenheer and co-workers performed a hexane 
extraction at acidic pH, which was either preceded by a clean-up extraction at 
basic pH (discarding the organic phase) [42], or followed by a Sephadex LH-20 
purification step for final determination by gas chromatography-mass spectrom- 
etry (CC-MS) [43]. In his GC-MS method, Chiang [44] used petroleum ether 
after acidification of plasma and deproteinatlon with ethanol. Variations of this 
hexane extraction procedure were used by Napoh and co-workers, either by addi- 
tion of 0.1 n/r phosphate buffer pH 5.4 to the plasma sample, which had previous- 
ly been deproteinated with ethanol [14,38], or by addition of sodium chloride and 
potassium hydroxide in ethanol for a first clean-up hexane extraction step, fol- 
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lowed by acidification of the aqueous phase and subsequent extraction of the 
retinoids with hexane [14]. Puglisi et al. [25] used acetomtrile for protein precip- 
itation and tert.-butyl methyl ether for extraction of temarotene from plasma. 

Instead of an initial protein precipitation with an organic solvent, direct ex- 
traction methods are also used. In most cases, salt or buffer is added to improve 
the recovery of the retinoids. In some of these procedures the extraction was 
performed three times for an acceptable recovery Citrate buffer (pH 6) [45] as 
well as addition of ethanol and phosphate buffer (pH 3.5) [46] have been used 
together with subsequent hexane extraction. In the latter example, this hquid- 
liquid extraction was followed by a reversed-phase HPLC clean-up step, and final 
determination by normal-phase micro HPLC and MS detection [46] Puglisi and 
de Silva [47] used phosphate buffer (pH 6 or 7) or borate buffer (pH 9) and dtethyl 
ether or ethyl acetate for the extraction of different first- and second-generation 
retinoids from blood, plasma or urine. Phpsphate buffer and diethyl ether 
[ 13,22,48850] or diethyl ether-ethyl acetate mixtures [24,5 1,521 were also used by 
&hers. In one case, ammonmm acetate was used instead of phosphate buffer 
before the diethyl ether extraction [lo]. Another approach used citrate buffer (pH 
6) [53] or addition of methyl acetate and sodium sulphate [23] m combmation 
with ethyl acetate extraction Finally, the use of plasma pH adjustment with 5% 
perchloric acid, followed by ethyl acetate extraction [11,54,55] should be men- 
tioned. However, extraction under acidic conditions could cleave glucuronides 
and, as a consequence, result in too high a concentration of RA. 

Surprisingly, only a few publications deal with solid-phase extraction, which 
has become popular m other fields in recent years The difficulty of obtaining 
good recoveries for the retinoids when undiluted plasma samples are apphed to a 
Cls bonded phase could be a reason for this lack of reported methods. In an 
off-line solid-phase extraction, McPhilhps et al. [16] performed a protein precip- 
itation with acetonitrile and diluted the supernatant with 40 mM acetic acid 
before applying it to a Bond Elut C 18 cartridge. A rather complicated sample 
work-up was carried out by Egger et al. [26] for a highly sensitive GC-MS meth- 
od for the arotmoid Ro 13-7410. Plasma samples were extracted with tert -butyl 
methyl ether usmg Extrelut columns, followed by an ion-exchange chromatogra- 
phy step with Bond Elut NH2 cartridges. 

Solid-phase extraction can also be performed on-line, using a precolumn cou- 
pled to the analytical column and automated column switching. Such a system is 
shown in Fig. 2 [56,57]. The rather complex valve-switching system allows direct 
injection of biological fluids (such as plasma) and tissue homogenates with full 
automation and light protection. In principle, one valve (V2) is sufficient for 
coupling one precolumn to an analytical column. Valve V3 permits forward- and 
backflush washing of the precolumn, which increases the number of injections 
onto the precolumn, and valve Vl is used for purging of the capillaries to prevent 
memory effects in routine analysis. To improve the stability and the recovery of 
13-cis-RA and its metabolites, plasma samples were diluted with 9 mM sodium 
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Fig 2 Schematic representation of an HPLC column-switchmg system Ml = mobile phase 1, Pl = 

HPLC pump, flow-rate 1 5 ml/mm, VI-V3 = switchmg valves, 11 = automatic sample mjector with 

coolmg module, PC = precolumn (14 mm x 4 6 mm I D , Bondapak C,, Corasil, 37-50 /Irn), Dl = UV 

detector, 240 nm; R = recorder, M2 = mobile phase 2, G = low-pressure-gradient former, P2 = HPLC 

pump, flow-rate 1 0 ml/mm; 12 = manual injector, AC1 = guard column (30 mm x 4 mm I D , Spheri- 

sorb ODS 1,5 bdrn), AC2 = analytical column (two 125 mm x 4 mm I D , Spherisorb ODS I. 5 nm), D2 = 

UV detector, 360 nm, C = computing Integrator, IF = Interface (Reproduced with permission from ref 

56 ) 

hydroxide-acetonitrile (8:2) before mjection [21,.57]. For very lipophrhc and hrgh- 
ly protein-bound retmoids such as etretinate, a protein preciprtatron with ethanol 
was performed before injection [28,57] The precolumn was washed with 1% 
ammonium acetate containing lo-20% acetonitrile. Recovery problems wrth li- 
pophrlic retinoids, using this column-switching technique, were discussed [56]. In 
a method recently developed for acitretin, the plasma sample was simply drluted 
with acetonitrile (final content 17%) allowmg sufficient recovery (more than 
80%) and high sensitivity (0.3 ng/ml with a l-ml injection solution) [58]. A similar 
column-switching technique, consisting of two precolumns for alternating m- 
jections, was used by Creech Kraft et al. [29], who performed a protein precip- 
itation with 2-propanol, with subsequent overnight freezing of the sample in 
liquid nitrogen. A 0.1-0.2 ml volume was injected onto the first precolumn, 
whereas the second, coupled to the analytical column, was eluted by the gradient 
mobile phase. 

In parallel with tissue extraction, several groups also used lyophrhzatron for 
brological fluids This time-consuming technique IS now no longer the method of 
choice for plasma samples. After lyophilization, usually in the presence of antiox- 
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ldants and sometimes of buffer, the extraction was performed with methanol 
[20,3 1,599611, methanol followed by hexane [8], or chloroform-methanol (1: 1) 

followed by methanol [62,63]. Another approach, which was adapted for serum, 
consists of storage of the samples in liquid nitrogen, followed by homogemzation 
in a solution containing EDTA and ascorbic acid and extraction with butanol- 
methanol (95:5) 115,641. The direct injection of this solvent is preferred by these 
authors because of better stability of the retinoids compared with protem precip- 
itation with methanol [34]. Rollman and Vahlquist [65] performed alkaline hy- 
drolysis not only with skm samples but also with serum, followed by pH ad- 
justment and hexane extraction. 

As well as direct injection of small volumes [3 l-331, bile was also deprotemat- 
ed with methanol [66] or ethanol [9], or, after sodium acetate and Glusulase 
addition and incubation, extracted with ethyl acetate m the presence of phos- 
phate buffer (pH 7) [50]. Other bile extraction methods are very complicated and 
consist of Sephadex LH-20 chromatography and semipreparative HPLC clean- 
up [19,67]. The retinoids discussed in this review are normally not excreted in 
urine. However, a few groups analysed urine samples for confirmation of the 
absence of these retmoids. The same extraction methods were used as for plasma 
or blood [11,24,47,50,68]. 

3.3. Tissues 

Analysis of tissues was historrcally important to identify and quantify reti- 
noids in the target organs. Followmg early successes with the direct extraction of 
tissue homogenates, difficulties arose with retinorc acids and their metabolites. 
Therefore, Ito et al. [62] introduced the lyophilizatron of tissue samples, followed 
by extraction with chloroform-methanol (1: 1) and methanol [61-631 or petro- 
leum ether [69]. Various other extraction solvents were also used, such as chloro- 
form-methanol (2: 1) [70], diethyl ether [71], methanol [6], or methanol followed 
by hexane [8,40], or methanol followed by Sephadex chromatography or semipre- 
parative HPLC clean-up [7,72-751. Instead of evaporation of the extraction sol- 
vent, direct injection of the methanolic extraction solution was also performed 
[60,76,77] Another way of removing water from the tissue is to grind the sample 
in the presence of anhydrous sodium sulphate, followed by extraction with di- 
ethyl ether [71], dichloromethane [78], or chloroform (for 24 h) and methanol 

[401. 
Direct extraction of tissue samples still remains an important alternative. Ad- 

vantages (less oxidation) and disadvantages (lower recoveries for polar metabo- 
lites) have to be investigated for each analyte. Extraction solvents used were 
chloroform-methanol (1: 1) [79] or (2: 1) [SO], and methanol followed by metha- 
nol-water (95:5) [Sl]. In the last method, an additional hexane wash and solid- 
phase clean-up using Cl8 bonded phases were incorporated. Simpler sample 
handling was realized by direct injection of the extraction solvent into HPLC 
systems, e.g. with acetonitrile-tetrahydrofuran-acetic acid (780:80.5) in the pres- 
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ence of ammonium acetate and sodium sulphate [36], or with methanol-water 
(5:4) [34], or butanol-methanol (95:5) [15,82]. 

Alkaline hydrolysis of skm samples was used by Rollman and Vahlquist 
[65,69,83] for the determination of various retinoids. In the last version of these 
similar procedures, skin biopsies or subcutaneous fat in 80% ethanohc potassium 
hydroxide and internal standard (I S.) solution (ethanol containing BHT) were 
flushed with nitrogen and heated at 80°C for 15 min. After the addition of water, 
neutral retinoids were extracted with hexane, followed by acidification and ex- 
traction of acidic retmoids; the solvent was then evaporated [83]. An advantage of 
this procedure IS the hydrolysis of retinyl esters which allows, therefore, the si- 
multaneous determination of total retinol. However, these drastic conditions 
have several disadvantages. Etretinate could only be determined as its free acid, 
acitretin, which is also a metabolite of etretmate [65]. In addition, extensive cis- 
tram isomerization (25-60%) occurred [83]. 

In contrast, considerably molder conditions could be attained with the column- 
switching method. After homogenization in ethanol-water (3:2) and centrifu- 
gation, the supernatant could be directly injected onto the precolumn for auto- 
mated solid-phase extraction. This approach could be used for the determination 
of first-, second- and third-generation retinords in skm and other tissue samples 
[84]. A similar on-line extraction was performed after freezing mouse embryos in 
ethanol-2-propanol (1:2) in liquid nitrogen overnight, followed by sonication 

v91. 

4 CHROMATOGRAPHIC TECHNIQUES 

4 1. General 

In this review only HPLC and GC-MS of retinoids will be discussed. For 
older, conventional LC techniques (such as alumina, SI~ICIC acid or liquid-gel 
chromatography) the reader is referred to the excellent article by Frolik and 
Olson [3] Thin-layer chromatography (TLC), which was also used in the past (see 
ref. 3), was applied m one example for the determmation of RAs, etretinate or the 
arotinoid Ro 13-6298 in mouse skin. Silica gel plates were developed with hex- 
aneediethylether-acetic acid (90: 10: 1) or methanol<hloroform (1: l), and zones 
were scraped for radioactivity measurement [79]. Stability problems on the TLC 
plate prevented multi-dimensional development In a further investigation TLC 
was replaced by HPLC [85]. 

HPLC and GC-MS will be discussed in the followmg paragraphs. A few 
general comments should be made first. Whereas the use of an I.S. m GC-MS is 
unavoidable, m HPLC methods it can sometimes be omitted, especially in col- 
umn-switching methods, where the recovery during the on-line solid-phase ex- 
traction is often quantitative [86]. However, this is often not the case with reti- 
noids [56] and, therefore, the use of an I.S. is also strongly recommended for 
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nolds (third generation) m biological samples. Because of the sensitivity of the 
retinoids to isomerization and oxidation, special care has to be taken from sample 
collection and storage, throughout extraction, till the final chromatographic sep- 
aration. High and strong protein binding, and msolubility in aqueous solutions 
hamper the extraction from biological samples. Various extractlon procedures 
are discussed, mainly involving liqmd-liqmd extraction of biological fluids or 
lyophlhzed tissue samples. The new technique involving direct injection of biolog- 
ical fluids or tissue homogenates, using high-performance liquid chromatography 
(HPLC) with automated column switching, provides full protection from light 
and simplifies sample work-up. 

HPLC with ultraviolet detection IS the method of choice for the determination 
of retinoids, because it is rapid, sensitive and allows separation of geometric 
isomers and metabolites within a wide polarity range. Gas chromatography-mass 
spectrometry is not appropriate for first- and second-generation retinoids because 
of isomerization, but allows very sensitive determination of third-generation reti- 
noids, although very extensive sample clean-up and derivatizatlon are necessary. 
However, direct injection of large volumes of biological fluids into HPLC sys- 
tems, using on-line solid-phase extraction and automated column-switching, re- 
sults in very sensitive methods even with simple ultraviolet detection and may 
become the method of choice for routine analyses. 
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