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ABSTRACT

The applications of flash chromatography and medium pressure liquid chromatography (MPLC)
for the isolation of pure compounds from plants are presented with the emphasis on the practical
aspects of both techniques. The pressure for flash chromatography, which operates at about 1-2 bars,
is provided by an aquarium pump or several pumps in parallel. The simple necessary glass apparatus,
which can be constructed in a glass blowing workshop, are described diagrammatically. The practical
operation of the technique is included. Up to 200 grams of crude plant extract can be readily
separated in a single run. The approximate relationship among sizes of samples, columns and
fractions collected is given.

MPLC can be used as a complement to flash chromatography. The pressure required is in the
range of 5-20 bars and it can be provided by a piston pump with a variable flow rate. Crude plant
extract fractionated by flash chromatography can be further purified by MPLC to give pure materials.
Up to 50 grams of semipurified fraction can be conveniently chromatographed in a single run.

The use of gradient elution is essential for the success of both flash chromatography and
MPLC. A gradient can be constructed between any two miscible organic solvents. Initially, the
polarity is increased slowly and more steeply toward the end of the separation.

A brief guideline for the use of various normal phase column packing materials is given.

An example illustrating the utilization of the two techniques in a multigram scale isolation
of pure compounds from the plant Curcuma xanthorrhiza Roxb. (Zingiberaceae) is described.
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INTRODUCTION

The different preparative liquid chromatographic techniques are commonly classified
according to the pressure employed for the separation (1,2):

- flash chromatography, ca 1 - 2 bar

- low pressure LC, < 5 bar

- medium pressure LC, 5 - 20 bar

- high pressure (high performance) LC, > 20 bar

These figures are not absolutely fixed and there is a considerable overlap between the
different techniques. Flash chromatography and Medium Pressure Liquid Chromatography
(MPLC) are two chromatographic techniques that are often employed in the isolation of
constituents from plant sources. The basic experimental procedures of preparative column
chromatography are very rarely described in detail in regular research articles. The
understanding of the detailed operations of these techniques is, however, essential for
successful isolation work. This article summarizes how the techniques have been practically
applied in large laboratory scale isolation of compounds from plant extracts. An example
of recent isolation work with these techniques is also reviewed.

A GENERAL STRATEGY

The plant material under investigation is exhaustively percolated sequentially at
room temperature with hexane, chloroform (or ethyl acetate) and methanol. Up to 15 -
20 kg of plant material can easily be handled in the laboratory using modified stainless steel
drinking water containers. Normally approximately 300 - 500 g each of the crude extracts
are obtained. These extracts are subsequently assayed for biological activity and the active
ones are fractionated by flash chromatography to achieve a rough separation of the
compounds present in the extracts. Fractions thus obtained, which exhibit biological activity,
are then further fractionated either by repeated flash chromatography or by MPLC, depending
on the complexity and the amount of material. Occasionally pure compounds are isolated
by flash chromatography, but usually MPLC, HPLC, recrystallization, or a planar
chromatographic technique is necessary to obtain pure compounds. The progress of the
separation is monitored by a combination of bioassay, TLC, direct UV-detection, HPLC, 1H-
NMR, and colour reactions. The 60 MHz 'H-NMR spectra of crude extracts and fractions
are often very informative, and should routinely be recorded. For the initial separation by
flash chromatography, up to 200 g of the crude extract can be fractionated in a single run
as described in the subsequent sections. This approach is particularly important if the target
compound is present in a low concentration. Furthermore, it also minimizes the tedious
process of combining various small fractions at the later stages of the separation procedure.
A general guideline for the selection of a chromatographic technique, with respect to the
amount and the type of the sample, for a single run, is given in Table 1.



J.Sci.Soc. Thailand, 19(1993) 75

Table 1. A general guideline for selection of chromatographic technique with reference to
the amount of sample to be processed.

Amount of Type of Chromatographic
sample (g) sample technique
0.5-1 (or less) Semipurified Preparative TLC, Centrifugal
TLC, Preparative HPLC, MPLC
1-50 Semipurified MPLC
1-200 Crude, Flash chromatography
semipurified

FLASH CHROMATOGRAPHY

The concept of flash chromatography was originally described by Still, Kahn and
Mitra (3). The technique was a considerable step forward in preparative chromatography
compared to the previously used open columns, driven by gravity. The resolution was
improved and the separation times were drastically shortened. Briefly, the original method
typically employed columns with a diameter of 1 - 5 cm and a sample loading of 0.1-2.5
g. The columns were dry-filled with silica gel (40 - 63 um) to a length of about 15 cm and
flow rates of up to about 100 ml/min were obtained by application of compressed air via
a needle valve. Samples were introduced in solution and the eluents (ethyl acetate/petroleum
ether) were selected with the aid of TLC. A solvent mixture giving the compound of
interest an Ry-value of 0.35 was used for isocratic elution.

The flash chromatographic technique was originally described for the separation of
synthetic products but during work with natural products we have found it useful and
necessary to modify the technique to a certain extent; apparatus, packing materials, and
operational procedure, as described in the sections below.

Apparatus

The apparatus required for the modified flash chromatography consists of four major
components (Fig. 1). A glass column (A) with a length of 30 - 40 cm. The shorter length
(30 cm) is recommended for columns with diameters of 8 - 14 cm. Ground joints B29 and
B34 are used with column diameters of 3 - 6 cm and 8 - 14 cm, respectively. The air pressure
is introduced through a T-way stopcock (B) with the ground joint B29 or B34. Component
B is strapped to the column with rubber bands through the glass hooks on the outer side
walls. The eluting solvent is introduced into the column with a sealed-end glass funnel (C)
with small orifices near the sealed end, so that the introduced solvent will not disturb the
surface of the packing material. The air pressure is provided by an aquarium pump (or
several in parallel) fitted with the T-way stopcock. The air flow from the aquarium pump
is adjusted to give the required pressure for a suitable elution speed.
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Fig.1. Diagramatic details of the apparatus for modified flash chromatography.
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Packing materials

Several different types of packing materials can be employed in flash chromatography.
Often used are Merck LiChroprep Si 60 (25 - 40 pm), Merck silica gel 60 (40 - 63 pm) or
Merck silica gel 60 (63 - 200 pm) (1). The Merck silica gel 60 H, which is a TLC grade
(5 - 40 pum) silica gel without a binder, also works well. It has a comparatively low price
and can be purchased in bulk quantities of 25 kg. The resolution using this silica gel is not
inferior to other considerably more expensive silica gel qualities.

Alumina is a useful column packing material, particularly for removing undesired
polyphenolic compounds, and the Merck aluminium oxide 90 (63 - 200 pm) can be employed
for this purpose. A very large column may accommodate up to 200 g of a crude extract
and an adequate flow rate is obtained by simply filtering the extract through the adsorbent
under gravity. If deactivation of the alumina is necessary, this can be achieved easily by
prior elution with ethyl acetate.

An interesting application of flash chromatography with reversed phase (RP-18)
support is the separation of compounds that are too nonpolar to be resolved on normal
silica gel (R; > 0.6 in TLC with hexane as eluent). Such compounds have conveniently
been separated on reversed phase adsorbent eluted with mixtures of dichloromethane and
acetonitrile (4).

Packing technique

For the packing of silica gel columns, slurry packing is easier to perform and gives a
better packing than the dry filling method. This is especially true for columns with wide
diameters (> 6 cm), which are quite difficult to dry-pack satisfactorily. For the slurry
packing the employment of a very dilute silica gel-solvent slurry helps minimizing the
formation of air bubbles. Sufficient solvent (about five centimetres in height) is placed in
the column (with the stopcock closed) to provide a head into which the slurry is poured.
The fine "snow flakes" fall under gravity to give a homogeneous packing which should not
be disturbed by stirring. After a few centimetres of the slurry have settled, the column
stopcock is opened to speed up sedimentation. Pressure can then be applied on the column
using an aquarium pump. Further portions of the slurry are added in the same way until
the desired height of the packing material is obtained. The column is conditioned with at
least five to eight column volumes of solvent before use.

Sample application

The sample to be chromatographed can either be introduced as a solution or
preadsorbed on the packing material. The latter method is found to be superior, especially
for plant extracts which often are not completely soluble in the initial eluent. The sample
is preadsorbed by dissolving it in a suitable low boiling point solvent (e.g. dichloromethane)
and silica gel is added (about 1 - 2 g for every 1 g of sample). The solvent is then removed
on a rotary evaporator until the mixture is dry and can move freely in the flask. The last
trace of solvent is removed by placing the flask under high vacuum for 15 - 30 minutes. It
is important to obtain a completely "dry" and freely flowing mixture. Depending on the
nature of the sample, it may be necessary to increase the proportion of silica gel to sample
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to 3:1 or 4 : 1. In some cases, the layer with the sample preadsorbed on silica gel may be
even higher than the silica gel layer (the effective column length) where the actual separation
takes place. It may be anticipated that this will lead to large band broadening during the
separation, but experience has shown that by avoiding isocratic elution, and instead,
employing gradient elution (see below), the expected band broadening can be drastically
reduced. The advantage of diluting the sample with a large proportion of silica gel is that
the overloading at the top of the column, which frequently occurs when applying a
concentrated sample, is minimized. It is thus possible to load a considerably larger amount
of sample onto the column than otherwise would be possible.

The preadsorbed sample is added to the top of the column, carefully not to perturb
the surface of the silica gel layer. The sample can be either added directly on the column
top or allowed to "fall" through approximately three centimetres of solvents, which are left
on top of the silica gel. Usually the latter is preferred. In both cases, the sample layer is
levelled by gentle tapping of the column. On top of this layer about 0.5 - 1 cm of sand is
placed and the column is now ready to run.

Selection of solvent system for elution

In the original method (3), a mixture of solvents which moved the desired component
in the sample to R; 0.35 on analytical TLC was selected as the column eluent. The elution
was carried out isocratically. For our modified procedure it is essential to use stepwise
gradient elution with binary solvent mixtures of gradually increasing polarity. Empirically,
the solvent components that give the best separation in TLC are selected. Commonly used
solvent components for intermediately polar compounds are mixtures of hexane with ethyl
acetate, chloroform, dichloromethane or acetone. For more polar compounds gradients of
increasing amounts of methanol in chloroform, dichloromethane or ethyl acetate are often
used. The profile of the stepwise gradient mainly depends on the sample composition and
the column size. Exactly how rapidly the polarity of the eluent should be increased and
how large eluent volumes of each step that should be used is still a matter of experience.
Generally, it is recommended to increase the polarity of the eluent only with small increments
in the beginning of the gradient. At the later stages of the elution, larger polarity increments
can be employed. An increment from 1% to 2% of ethyl acetate in hexane represents
approximately a 100% increase of relative polarity and eluting power of the eluent, whereas
an increase from e.g. 50% to 60% of ethyl acetate in hexane only represents a relative
polarity increase of 20%. Normally, 2 - 4 column volumes of eluent is needed for each
polarity step of the gradient.

When fractionating crude plant extracts containing many compounds of different
polarity, it is usually necessary to employ two consecutive gradients e.g. increasing amounts
of chloroform in hexane up to pure chloroform, followed by increasing amounts of methanol
in chloroform up to pure methanol.

Relationship between column diameter, effective length and sample size

It is possible to apply a considerably larger amount of sample when using gradient
elution as compared to the originally described isocratic flash elution. The gradient elution,
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furthermore, gives a better separation on a column of a shorter length than the originally
described 15 cm. For rather nonpolar samples, effective column lengths of about 10 - 12
cm are employed and for more polar samples, effective column lengths of 6 - 8 cm are
recommended. For the largest column (diameter 14 cm), however, usually lengths of 14 -
16 cm (intermediately polar samples) and 8 - 10 cm (polar samples) are employed. An
approximate guideline for the choice of column diameter according to sample size is given

in Table 2.

Table 2. Approximate relationship between sizes of sample, column and fractions collected
for flash chromatography.

Sample Column Amount Fraction
size (g) diameter (cm) silica gel (g) volume (ml)
1-2 3 25 50 - 100
3-6 4 50 100 - 200

7 -30 6 100 200 - 300

30 - 50 8 200 200 - 300

50 - 80 10 400 300 - 500

80 - 200 14 600-1000 300 - 500

It should be noted that the amount of sample that can be loaded on the column
depends on the difficulty of the separation, but this approximate guideline has been used
successfully for hundreds of columns run in our laboratories. The resolution on the small
diameter columns is generally better than that on the ones with larger diameter, the latters
being used mainly to obtain a rough fractionation of crude extracts.

MEDIUM PRESSURE LIQUID CHROMATOGRAPHY (MPLC)

MPLC appears to be a column chromatographic separation technique best suited for
large laboratory scale isolation of pure compounds from semipurified plant extracts. The
technique is thus complimentary to the flash chromatography. In favourable cases, it can
be stated that the MPLC combines a resolution which approaches that of HPLC with a
preparative capacity and a simplicity in operation similar to that of low pressure LC.

MPLC equipment from several manufacturers are available on the market. The general
principles outlined below should be applicable to any such equipment, although our
experience is mainly from the Bichi B-680 system (Flawil, Switzerland). The principle
components of an MPLC system are outlined in Figure 2.
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Fig.2. Principle components of an MPLC-system.

Solvents

MPLC generally consumes considerable amounts of solvents and therefore the costs
of different solvents is an important factor. Most of the common technical grade solvents
(e.g. hexane, ethyl acetate, methanol, dichloromethane, chloroform) are perfectly adequate
for MPLC after a simple distillation. It is not necessary to degas or membrane filter these
solvents prior to use. One precaution on chloroform should be noted. This solvent often
contains traces of HCl, which can cause considerable damage to the equipment and to acid
sensitive substances. After using chloroform as an eluent, the equipment should never be
left standing in this solvent. The HCI can largely be removed by filtering the solvent
through sodium carbonate before use.

The gradient mixer

The gradient mixer is a technical device, which mixes two (or more) solvents according
to a predetermined elution program. The technical details of how the gradient mixer is
programmed varies with different MPLC systems, but generally the working principle of a
gradient mixer for MPLC does not differ from that of a conventional HPLC gradient mixer.

How the program is constructed depends on the sample composition and the column
size. Some guidance can be obtained from TLC experiments as to what type of solvents to
be employed in the separation, but since gradient elution normally is employed, no simple
direct "transfer rule" can be given. Generally, solvent polarity should be increased slowly
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in the beginning of the program, but in the end it can be increased more rapidly. It is often
useful to include segments of isocratic elution between the gradient segments.

The gradient mixer is also very useful for making a program for washing and
regenerating the column after use. Such a program for a silica gel column may consist of
a washing segment (100 % methanol), followed by two gradients; increasing amounts of
ethyl acetate in methanol and increasing amounts of hexane in ethyl acetate, and finally
a long segment with pure hexane. To shorten this procedure a high flow rate can be
employed (e.g. 100 ml/min).

The pump

A chromatographic pump which can stand back-pressures up to ca 30 bar and deliver
solvent flow rates up to ca 100 ml/min is adequate for MPLC. With silica gels (cf. below)
and solvent flow rates of ca 20 - 50 ml/min, the pressure usually is about 5 - 15 bar.
Pressures above 15 bar, which can occur e.g. after heavy sample loading, are difficult to
handle practically because the tubing system is somewhat prone to leak at these high
pressures. The general problem of leakage at connecting joints can be alleviated by careful
tapering of the teflon tubing ends and by keeping these tapers free from dust and packing
material.

Sample introduction

As in flash chromatography, the sample to be chromatographed can be introduced
either in solution or preadsorbed on the column packing material. When using the liquid
sample introduction it is recommended to dilute the sample with a high proportion of
solvent (up to 1:5) to avoid overloading at the column top and consequently impaired
separation. The introduction of a sample in solution requires that the sample is soluble in
the initial solvent composition of the elution program. This is very rarely the case when
working with natural product isolation, especially if gradient elution is employed. The most
suitable way of introducing a sample, in our experience, is to use the technique of
preadsorption on silica gel. When applying this technique to MPLC, the sample (preadsorbed
on silica gel) can be packed into a column, which is mounted in series prior to a second
column. The mobile phase thus first passes the "loaded" column, before entering the second
column where the actual separation takes place. As in flash chromatography it is important
not to overload the silica gel that is used for the preadsorption of the sample (see discussion
above).

Columns

Glass columns with a wide range of diameters and lengths are available from different
manufacturers. The columns from Buchi have diameters ranging from 1.5 - 10 cm and
lengths of either 23 or 46 cm. The most suitable columns for rapid gradient elution are
those with a length of 23 cm. The columns can be equipped with precolumns (guard
columns), which easily can be emptied and refilled again. This prolongs the life time of the
separation columns, which normally can be reused many times. With relatively clean samples,
we have sometimes been able to carry out as many as 10 - 15 preparative separations on
a single column without any noticeable impairment of resolution.
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For columns with diameters of 5 cm or less, silica gels with fine particles [e.g. Ueticon,
(15 - 35 pm) or Merck LiChroprep Si 60 (25 - 40 um)] are suitable. For columns with wider
diameters the Merck silica gel 60 (40 - 63 um) is preferred, mainly because it is easier to pack
the large columns with gels of larger granulometry, but also for economical reasons. The
silica gels with finer particle sizes generally give a better separation (resolution) than the
coarser ones.

As an approximate guideline for the relationship between the amount of sample (for
a single run) and the diameter of the column (silica gel, 23 cm in length) the figures given
in Table 3 are recommended. It should be noted that the amount of sample that can be
loaded also depends on the difficulty of the separation. Sometimes it is necessary to reduce
the column loading considerably in order to obtain an acceptable separation.

Table 3. Approximate relationship between sample size and recommended column
diameter for MPLC, with silica gel as column support and a fixed column length

of 23 cm.
Sample size (g) Column diameter (cm)
<0.5 1.5
05-5 2.6 or 3.6
5-10 4.9
10 - 20 7
20 - 50 10

Column packing

The technique for dry-packing columns described in reference (5) is simple and gives
reproducible results. It should be stressed that tapping and particularly the use of a vibrator
during the dry filling of the column should be avoided in order to prevent separation of
particles with different granulometry in the packing material. The best result is obtained
by gently filling the column with an even stream of adsorbent.

Detection and fraction collection

The compounds eluting from the column are detected by a UV-detector, a
chromatogram is recorded, and fractions are collected. In principle any suitable combination
of a UV-detector with a high flow cell, a chart recorder, and a high speed-high volume
fraction collector, can be employed. It is very convenient to have a marker, which appears
directly on the chromatogram showing where the different fractions are positioned. This
greatly facilitates the localization of the fractions corresponding to a particular peak in the
chromatogram. Additionally, TLC and a spray reagent are employed to analyze the fractions
in order to get more detailed information on the composition and to detect UV-inactive
compounds.
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Fig.3. Isolation of sesquiterpenes and antiinflammatory diarylheptanoids from rhizomes of Curcuma xanthorrhiza

Roxb. (Zingiberaceae).
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AN EXAMPLE

Recently, we isolated two sesquiterpenes and three antiinflammatory diarylheptanoids
from the rhizomes of Curcuma xanthorrhiza Roxb.(Zingiberaceae) (6). This research problem
may serve as an illustration of the application of flash chromatography and MPLC in
natural product chemistry.

The plant material was percolated, at room temperature, sequentially with hexane,
chloroform and methanol (Fig. 3). The hexane and chloroform extracts exhibited significant
antiinflammatory activity in the test model of carrageenin-induced hind paw edema in rats.
The methanol extract was inactive. The crude hexane extract was separated by flash
chromatography, with three consecutive gradients, into seven fractions (A - G). Fractions
C and D were active in the biocassay. TH-NMR and TLC of fractions D, E and F were
practically identical and thus it was not necessary to submit fractions E and F to the quite
elaborate bioassay. Fraction C was further flash chromatographed over silica gel with a
stepwise hexane - ethyl acetate gradient to yield five fractions (I - V). Fraction I was
subjected to MPLC (silica gel, combined gradient and isocratic elution, hexane - ethyl
acetate) to yield the sesquiterpenes germacrone 1 and curzerenone 2. Fraction II solidified
after evaporation of the solvent and recrystallization afforded the diarylheptanoid 3 as yellow
needles. Compound 3 exhibited significant antiinflammatory activity in the bioassay. Fraction

O . OH
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IV appeared as a solid, homogeneous in TLC, and was initially thought to be one compound.
However, analytical HPLC [Column dimensions: 250 x 4.6 mm; packing material: Partisil
5 (silica gel, 5 pm); mobile phase: 5 % ethyl acetate in hexane; flow rate: 4.5 ml/min] of
the fraction gave a chromatogram with two peaks (Retention times: 13.5 and 16.2 min,
respectively). Furthermore, the TH-NMR spectrum of fraction IV also indicated that the
solid was a mixture. The two components of the solid could not be separated by further
flash chromatography, but repeated MPLC (silica gel, combined gradient and isocratic elution,
hexane - ethyl acetate), followed by recrystallization, yielded compounds 4 and 5. Both
compounds showed significant antiinflammatory activity. Fractions D, E and F (from the
first column) were then subjected to repeated MPLC, employing the same conditions as for
fraction IV, to yield additional quantities of 4 (11.1 g) and § (8.9 g), which subsequently
were used for extended pharmacological studies. It appears impossible for most laboratories
to acquire facilities to isolate such large quantities of pure compounds by means of preparative
HPLC.

CONCLUSIONS

The following list summarizes and compares some of the main characteristics of the
two techniques flash chromatography and MPLC.

Flash Chromatography MPLC

- Low or moderate resolution Moderate or high resolution

- Simple technology, easy trouble Moderate technology, requires
shooting access to reasonable service facilities for

common electronics

- Moderate solvent consumption Moderate solvent consumption

- High or very high loading capacity =~ High loading capacity

- Good packing requires experience Columns easy to pack

- Low reproducibility of packing High reproducibility of packing
and separation and separation

- Column support (silica gel) Column support normally
not reused reused

- TLC analysis of fractions necessary ~UV-detection may be sufficient

- Column length flexible Column length fixed
- Low technology - Medium technology -
low price moderate price
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