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A P P L I C A T I O N



N O T E



Optimum Performance Liquid Chromatography: A Powerful Technique for Analytical and Semipreparative Separations by Philippe Kerouredan, M. Manach, D. Papillard, N. Bryson, W. Amoyal, and Peter Froehlich Optimum Performance Liquid Chromatography (OPLC) can provide extremely efficient and flexible separations that can be performed on an analytical scale as well as on a semipreparative scale.1,2 The sample is placed on a planar sorbent bed that is maintained in a pressurized chamber and is separated by a mobile phase (typical flow rate of 2.5 mL/min) in a manner that is similar to HPLC. Recent advances in plate design eliminate the wall effect that is commonly found when columns are used to separate the sample. The detection can be performed on-line (similar to HPLC) or off-line. In the off-line mode, multiple samples can be separated in a single run. OPLC provides the chromatographer with several significant benefits: • Flexibility in monitoring the progress of the separation. There are two ways to monitor the separation. The eluent can be monitored in the same manner as with HPLC (on-line mode) or the analyst can remove the sorbent bed from the purification chamber at any time and visualize the separation using a densitometer (off-line mode). • High chromatographic efficiency. In the online mode, an OPLC separation is performed on a planar sorbent bed instead of a column. Recent developments in planar plate design eliminate the wall effect and provide for the separation of the compounds of interest as a series of narrow bands, thereby dramatically increasing the efficiency of the separation. • Simple scaleup from analytical separations to semipreparative separations. Once a separation has been developed on an analyticalscale sample, the separation can be quickly scaled up to semipreparative scale, usually with little or no method changes. • Complete visualization of the separated com00 / OCTOBER 2003 • AMERICAN BIOTECHNOLOGY LABORATORY



pounds. When a planar bed is employed, direct visualization of all of the compounds in the sample can be obtained and there is therefore no risk in losing any important information on the product. In contrast, when a column is used, retained compounds are not observed. • Sorbent beds are inexpensive and readily disposable. Sorbent beds (e.g., HTSorb™, Bionisis SA, Le Plessis Robinson, France) are disposable, thereby eliminating the risk of clogging expensive columns when working with difficult products. • The system can be used in an off-line mode. In the off-line mode, minimal use of eluent makes the instrument extremely efficient for screening or for use with toxic material such as isotopic markers. In the past few years, the broad utility of OPLC has been demonstrated in a large number of applications ranging from the analysis of reaction mixtures to the separation of compounds with pharmacological activity from plant extracts. This paper presents an overview of OPLC and describes a few examples to demonstrate the potential of the technique.



A broad range of chromatographic media are available for OPLC including normal phases (silica and alumina) and reverse phases such as C8, C18, NH2, and CN (HTSorb). Typically, 5µm particles are used for analytical work and 11µm particles are used for preparative work.



Instrumentation for OPLC Figure 1 presents a schematic diagram of an OPLC system incorporating the OSU-50 purification unit (Bionisis SA), which is used to house and pressurize the sorbent column. The mobile phase is delivered to the purification unit by a pump (typically an HPLC pump) and the sample is delivered through an injection valve in the same manner as in HPLC to the sorbent column. Alternatively, the samples can be directly spotted on the sorbent bed; in this mode, several samples can be separated at one time.



Basics of OPLC separations The general procedure of an OPLC separation is similar to that of other LC techniques. The separation is effected on the basis of the relative retention of the sample between the stationary phase and the mobile phase. The sorbent bed is covered with an elastic membrane to exclude the vapor phase, ensuring that OPLC is a true liquid–solid chromatography method.



Figure 1 OPLC system: 1) sealed edge of sorbent layer, 2) injection trough to feed sample, 3) troughs to create FEW, 4) collection outlet trough, 5) separating sorbent area, 6) FEW. (Reprinted with permission from The Applications Book, LC·GC Europe, Apr 2003, 20–2.)
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Typical applications Plant drug analyses Many compounds of pharmaceutical interest are derived from plants and are readily isolated by OPLC3 from raw plant materials. Typical examples include the separation of alkaloids from plant extracts, cannabinoids from cannabis resin, alglycones of phenolic compounds, flavonoids, anthocyanins, and coumarins. These compounds typically include an aromatic ring with one or more hydroxyl groups or phenolic ether groups. The separation of alkaloids has been carefully studied; it is important to note that complete separations of crude alkaloidal extracts could be performed using only ethyl acetate as the mobile phase. This is a significant simplification over commonly used techniques, where it is necessary to use three or more components in the mobile phase. A typical separation, for that of opium alkaloids, is shown in Figure 2. The densitogram from the separation of flavonoids from an extract of orange flower (citrus aurantium var. amara) is shown in Figure 3.



Figure 2 Separation of opium extract by OPLC. Stationary phase: aluminum oxide 60F254, mobile phase: ethyl acetate (0.4 mL/min). Visualization via Dragendorf’s reagent, λ = 540 nm. Compounds: morphine (1), codeine (2), thebaine (3), papaverine (4), noscapine (5). (Reprinted with permission from Ref. 3.)



The column includes an injection trough (item 2) that is used to spread the mobile phase and sample across the width of the bed (unless the sample is spotted on the bed). The sample is separated via the planar column (item 5) as the mobile phase flows across it toward the collection outlet trough and is then delivered to the detector.



Monitoring a reaction mixture



A critical aspect of the sorbent bed is the trough (item 3) that is present on either side of the sorbent layer. These troughs create Flowing Eluent Walls (FEW) (item 6) that confine the sample to a narrow zone of the staFigure 3 Separation of flavonoids from extract of orange tionary phase and thus eliminate the wall effect. The flower by OPLC. Stationary phase: aluminum oxide 60F254, presence of the FEW leads to laminar flow instead of mobile phase: ethyl acetate/chloroform (0.4 mL/min). the turbulent flow that is typically observed when a Visualization via 1% methanol diphenylboric acid-B-ethylcolumn is used to separate the sample. In other amino ester followed by 5% ethanolic polyethylene glycol, λ = 365 nm. Compounds: luteolin (1), eriodictyol (2), hesperitin words, the wall effect that leads to turbulent flow in (3), naringenin (4). (Reprinted with permission from Ref. 3.) a column is eliminated. This leads to a considerable increase in chromatographic efficiency and allows for better product purity in semipreparative mode.



Chromatography is commonly used to monitor the progress of a reaction or to ensure that the desired product(s) have been generated. Bagocsi et al.4 have compared a variety of chromatographic methods for the testing of impurities of nandrolone, a steroid that is an intermediate in the total synthesis of nor-steroids. These workers demonstrated that a simple separation of the compounds of interest was obtained with OPLC using silica gel plates with a cyclohexane:ethyl acetate:chloroform (2:1:1) mobile phase, as shown in Figure 4. The densitograms were collected and analyzed in 40 min.



On-line vs off-line detection Two modes of detection are commonly used with OPLC. In the on-line mode, the separated compounds are detected in the same way as in HPLC. The complete range of HPLC detectors can be used (e.g., absorbance, fluorescence, MS). In the off-line mode, the analyst removes the column from the purification unit and views the progress of the separation (e.g., with a densitometer). This is a very flexible method of operation since the column can be returned to the purification unit for further elution, perhaps with a different mobile phase. Two-dimensional separations can be performed with off-line mode detection. In this mode, a partial separation is obtained with a given mobile phase. The column is then rotated 90° and the separated materials are chromatographed using a second mobile phase for additional resolution. 00 / OCTOBER 2003 • AMERICAN BIOTECHNOLOGY LABORATORY



Figure 4 Separation of nandrolone impurities via OPLC. Stationary phase: silica gel, mobile phase: cyclohexane:ethyl acetate:chloroform (2:1:1). Compounds: nandrolone (1), by-product (2,4), intermediate (3,5,7), degradation product (6). (Reprinted with permission from Ref. 4.)



A P P L I C A T I O N Table 1



N O T E resulting in excellent resolution and selectivity. An additional benefit of the OPLC method was that the volume of each collected fraction was very small (3 mL).



Suitability of different chromatographic methods for monitoring impurities in nandrolonea,b TLC, semiquantitative –*



OPLC, semiquantitative +



Nandrolone ∆5(10)–isomer



–*



+



+



–***



8,14-Didehydronandrolone



–*



+



+



–***



Dienolether



+



+



+



–***



6β-Hydroxynandrolone



+



+



+



–***



Estradiol methylether



+



+



+



+



Impurity 5α-4,5-Dihydronandrolone



HPLC, GC quantitative quantitative –** +



Identification of compounds separated via OPLC Identification of the compound that is responsible for a peak in a separation is an important issue for the chromatographic technique. Pelander et al.6 have demonstrated that a software program that is adapted to the CATS spectrum library (Camag, SA, Muttenz, Switzerland) can be used to identify compounds. A library was constructed with 133 substances; since OPLC can provide better separation and better-quality spectra than TLC, it can provide better hits.



a



Reprinted with permission from Ref. 4. + = suitable, – = unsuitable, * = cannot be separated, ** = cannot be detected, *** = degradation occurred.



b



In a process laboratory, the assay can be performed rapidly, at low cost, and with reasonable precision. Other chromatographic techniques were able to determine some but not all of the compounds of interest (Table 1). A combination of GC and HPLC could determine all of the compounds on a quantitative basis, but this is more tedious and requires considerably more mobile phase (ca. tenfold).



Figure 5 Separation of a reaction mixture stationary phase: HTSorb PR 18 column, 11-µm particle; mobile phase: acetonitrile:water; gradient shown on chromatogram. (Reprinted with permission from The Applications Book, LC·GC Europe, Apr 2003, 20–2.)



Validation and robustness of OPLC methods OPLC can generate reproducible and robust assays that can be used in routine applications. A recent study by Papp et al.7 on the analysis of spiked aflatoxins in wheat demonstrated that the four aflatoxins could be readily separated using a silica gel plate with a mobile phase consisting of chloroform:toluene:tetrahydrofuran (15:15:1) (Figure 6). The retention factor, resolution, peak asymmetry factor, recovery rates, repeatability, and detection limits for the four aflatoxins are shown in Table 2. A robustness study demonstrated that the test is somewhat sensitive to the nature of the silica gel that was used, but small changes in the composition of the mobile phase, the eluent volume, or the pressure were not critical. In summary, the results of the test were in accordance with the ICH guidelines.



Purification of a reaction mixture



Milligram-sized samples of reaction mixtures can be readily purified via OPLC. In a typical series of experiments, 0.2-mg samples of a mixture of quinoxalones were separated by a C18 stationary phase using a water:acetonitrile gradient and detected by UV (Figure 5).5 Extrapolation from a 0.2-mg analytical-scale separation to a 20-mg semipreparative-scale separation was performed with the same chromatographic procedure and column capacity,



Table 2



Validation data for separation of aflatoxinsa,b



Compound



Figure 6 Separation of a wheat sample spiked with aflatoxins. Stationary phase: silica, mobile phase: chloroform:toluene:tetrahydrofuran (15:15:1), detection: fluorescence, excitation: 355 nm, emission: 436 nm. (Reprinted with permission from Ref. 7.)
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Retention factor (Rf) Resolution



Peak asymmetry factor (As)



Recovery rates (%)



Repeatability RSD (ng)



Detection limits



0.87



83–93



8.77



0.018



Aflatoxin G2



0.24



Aflatoxin G1



0.33



1.74



1.00



89–97



8.53



0.10



Aflatoxin B2



0.42



1.94



1.03



85–106



9.04



0.15



Aflatoxin B1



0.55



2.35



1.05



85–112



5.15



0.15



a



Reprinted with permission from Ref. 7. ICH acceptance limit: Rf = 0.1–0.9, As = 0.8–1.2, Rs > 1.



b
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Conclusion
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OPLC is a powerful analytical tool that can provide efficient, flexible, and robust separations for the analyst. The technique is easy to perform and can be an important tool in determining the composition of complex samples on both the analytical and semipreparative scale. A broad range of stationary phases and mobile phases can be used and detection can be performed either on-line or off-line. An important benefit of OPLC is that the user can readily view the progress of the separation and change the mobile phase if necessary.
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