


































































202 PEADEN AND LEE

gradually elute closer to each other (60). An ideal pressure

programming system would allow members of homologous series to be

eluted at regular time intervals (61,62).

RESOLUTION

Increasing pressure can have both positive and negative

effects on the resolution of sample components. The first treat-

ment of this was given by Giddings in a study of the effect of

pressure on selectivity in chromatography (63). Theoretically,

he demonstrated that pressure increases to about 500 atmospheres

or higher could cause equilibrium shifts large enough to resolve

isomers.

The elution properties of various homologous series at dif

ferent pressures have been studied by a number of workers

(7,8,24). It was observed that the slope of log k' versus the

carbon number of homologous series decreases at higher pressures

(7,25) and at temperatures closer to the critical temperature of

the mobile phase (22,45). This gives a net loss of selectivity

as higher mobile phase densities are used. While the selectivity

within a homologous series decreases with pressure, compound type

selectivity still remains good. This can be very advantageous

when class separations are desired in wide molecular weight range

mixtures. Very wide molecular weight ranges of the same compound

type can be made to elute together, but separate from other

compound types. This is generally more difficult in gas and
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liquid chromatography in which wide molecular weight range samples

tend to exhibit considerable overlap with other compound types

(7,26).

A more general expression of the pressure and temperature

effects on selectivity can be made by relating the selectivity to

mobile phase density. At constant pressure for homologous series,

it has been shown that (7):

log k' = A + Bn [6]

where A is a constant, B is another constant giving the change of

log k' per carbon unit, and n is the number of carbon units in

the member of the homologous series being eluted. The following

expression has also proven to be approximately true for most work

(32,44):

log k' =a - bp [7]

This relates mobile phase density to the retention of anyone

compound at constant temperature. The constant ~ may be regarded

as the log k' of a component under gas chromatographic conditions

at the same temperature, and b is simply the rate of change of

log k' with respect to mobile phase density, p. Equation 7 can

be used to derive an equation for the slope B in equation 6. The

resulting expression has the form:

B = B
o

- mp [8]

where Band m are new constants. Inserting this into equation
o

6, the following equation for retention as a function of mobile

phase density and carbon number is obtained:
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FIGURE 13. Apparatus for Supercritical Fluid Chromatography
(ref. 36).

24-27,36,51,60,69,70). A typical schematic of instrumentation

used is shown in figure 13 (14).

Solvent delivery systems have differed mainly with respect

to the type of mobile phase that they were designed to supply.

With mobile phases that are gases at ambient pressures, a gas

cylinder has been connected to high pressure reducing valves in

order to supply the appropriate mobile phase pressure to the

column (6,7). When higher pressures have been needed than that

supplied normally by the gas cylinder, two approaches have been

used. The cylinder has been heated (7), or the pressure to the

column has been raised by means of high pressure pumps (13,24).

For mobile phases which are liquids under ambient conditions,

high pressure liquid chromatographic pumps can be used after they
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are modified for pressure, rather than flow, control (36,60,71).

It is very important that the flow output from these pumps be

pulseless. Reciprocating piston pumps require pulse damping

systems to assure pulseless operation (16), whereas syringe pumps

can deliver pulseless flow without damping (27). The pressure

control system should also allow for pressure programming in

order to increase its usefulness.

Injection systems suitable for high pressure liquid chromato

graphy can often be used. As in liquid chromatography, injection

systems using septa have pressure limitations and can cause

contamination of the mobile phase (13,27). This has lead to the

use of various kinds of high pressure valves as injection devices

(9,60). Systems allowing the supercritical fluid mobile phase to

act as the injection solvent (9) can be advantageous, but care

must be used to ensure that the entire sample is soluble in the

mobile phase under the injection conditions (55).

Column and mobile phase temperature control is usually

handled by using a constant temperature bath or oven in which

both the column and a coil for preheating the mobile phase are

located. The importance of having good temperature control of

the mobile phase is easily understood in view of the strong

effects that the temperature of the mobile phase has on its

density and sample solubility as previously discussed. This

becomes increasingly important the closer one works to the cri

tical temperature of the mobile phase (26). For large mobile
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phase flow rates, the coil used to preheat the mobile phase can

become inadequate. Semonian and Rogers studied the ability of

preheating coils to bring the mobile phase to the desired temper

ature under various conditions (40). For g-pentane at flow rates

from 10 to 320 ml/hr, a one meter stainless steel tube (0.22 cm

i.d.) was found to be adequate.

The most popular detector used has been the ultraviolet

detector; various modifications have been made to allow its use

for SFC. Capillary columns require on-column detectors to meet

their small volume requirements (70). Most high pressure liquid

chromatography detectors are not designed to operate under high

pressures. In order to use ultraviolet detection systems with

mobile phases such as CO
2

and N
2
0, extremely high pressure cells

are required for detection in the liquid or supercritical fluid

state (6,13,22). Systems have also been devised to allow for

cooling the mobile phase to the liquid state, followed by

detection in low pressure ultraviolet detector cells (9,60).

This method allows for any, of the liquid chromatographic detec

tors available to be used.

Flame ionization detectors can also be used, but tend to

present some problems because of sample condensation during

mobile phase decompression (7,21,69,72). This same problem is

present in the interfacing of supercritical fluid chromatographs

to mass spectrometers (27,67,73). Other detectors which have
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- on basis of the expected therapeutic serum concentration levels

most corrnnon anticonvulsants can be accurately analyzed when mo

nitoring at their IN molecular absorption maximum.

- in most cases an injection,equivalent to 0.01 - 0.1 ml of serum

will be sufficient to detect the drugs with a signal to noise

ratio of about SO.

- for the analysis of MSM,CLZP and DZP an injection,equivalent to

1 - 2 ml of serum will be necessary to obtain accurate results.

- the therapeutic levels of several anticonvulsants can be accura

tely measured with a simple 254 nm wavelength detector.

- the use of a variable wavelength UV detector has some advantages

compared to the fixed wavelength detector. For a number of drugs

the absorptivity at 254 nm is too small and measurement at their

UV maximum is required. Further,a 2-40 fold increase of the sen

sitivity can be obtained if detection at 195 - 200 is applied.

Under these circumstances one measures the absorptivity of the

single chromophoric groups as present in the molecules of anti

convulsants. At this low UV wavelength all anticonvulsants can

be detected with good sensitivity(4, 5) . However,one must be aware

that also the co-extracted interfering substances might show in

creased IN absorptivity. A drawback of monitoring at 195-200 nm

is the fact that many common-used solvents for liquid chromato

graphy cannot be used because of their strong UV absorption in

the low IN range.

-IN detection fails in detecting valproic acid ,as this compound

show very little IN absorptivity. Hmvever, this drug can be sen

sitively detected at 280 nm,after pre-column derivatization with
a bromomethylarylketone(6,7).

Another advantage of the use of a variable wavelength detector is

the possibility to monitor the sample at different wavelengths.

Comparison of the ratio of the absorptivity ( via the peakheights)

at the selected wavelengths with the ratio measured with the pure

compounds,might give valuable informationwhether the registered

peaks can be attributed to the drugs of interest or are interfered
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SOLVENT EXTRACTION: various organic solvents of different polarity

have been applied as extractant for the isolation of anticonvulsant

drugs from serum and urine. Meijer e.a.(4S) studied the distribu

tion behaviour of a number of anticonvulsants in 'vater-organic sol

vent mixtures as function of the pH of the aqueous phase ( see

Table 4 ). From this table it can be seen that the effect of the

pH of the aqueous phase on the partition coefficient is insignifi

cant at pH below 7.4 . As can be expected, the partition coeffi

cient of the drugs with acidic character (phenobarbital and phe

nytoin ) becomes very small when the aqueous phase is strongly al

kaline. The influence of pH on the distribution of drugs can be

used to separate acidic from neutral or basic drugs as was demon

strated by Eichelbaum (46) who determined carbamazepine by

HPLC. Phenytoin and phenobarbital interfered with the analysis,

but these drugs could be removed from the organic extract by sha

king the organic phase with an alkaline aqueous solution bY'vhich

the acidic drugs are completely extracted into the aqueous phase.

Also,significant differences in partition coefficients are found

with various extraction solvents. Acetone,in the presence of a

large amount of ammoniumsulfate in the aqueous phase,seems to be

the solvent 'vhich gives the largest partition coefficients. How

ever,it must be noticed that still a considerable amount of water,

'vhich originally belongs to the biological sample,remains dissolved

in the acetone phase bY'vhich a significant number of water soluble

substances can be co-extracted. The amount of water in acetone and

thus the co-extraction of water soluble substances can be signi

ficantly decreased by repeated salting out techniques as was de
monstrated recently(10).

According to ~~ble 4,ethylacetate seems to be a more or less uni

versal extraction solvent for the common anticonvulsants. However,

it is advantageous to keep the polarity of the extraction solvent

not toohigh in order to minimize the co-extraction of interfering

substances. This iS,in particular, the case when applying normal

phase chromatography where the retention increases with increasing
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Fig.l0 Chromatogram of a solid phase extract of a patient serum.

1 phenylethylmalonamide; 2 = primidone ; 3 = phenobarbital

5 alphenal; 6 = phenytoin. (taken from ref. 33

the drugs of interest are strongly adsorbed. The column is then

washed with a solvent (usually water) to elute weakly retained se

rum constituents. Than the drugs are eluted from the column with

an organic solvent. The organic solvent is collected and evaporated

and the residue dissolved in the eluent. The recoveries with solid
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FIGURE 5. Separation of bilirubin monomethyl esterO), bllirubin(2),
and bilirubin dimethyl ester(3) extracted from serum of a patient
after alkallne-methanolysls.
Column,SAS-Hypersil;moblle phase,acetonitrile-dlmethyl sulphoxide
water (32.5:32.5:35) ;detectlon .430nm.

transesterificatlon of such a serum usually leaves a slightly yellow precipitate, presumely

containing the 0 fraction. In these cases the alkaline methanolysis-HPLC procedure

will certainly underestimate the total bilirubin content. The clinical significance of the

o fraction awaits luther Investigation.

Bilirubin undergoes photochemical rearrangement when irradiated with UV light giving

a mixture of geometric Isomers, the photobilirubins (21-25). The presence of photobilirubln

in serum of neonates undergoing phototherapy has been demonstrated by Onishi et

al <24.25). The separation of bilirubin from photobillrubins is important clinically in monitoring

the effectiveness of phototherapy since the spectrophotometric absorption of these compounds

are similar and some photobilirublns are diazo positive. The direct spectrophotometric

and the diazo methods will therefore give falsely high results for unconjugated bilirubin.
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cially made octadecylsilica designed specifically for carbohydrate

separations. This material uses water as the mobile phase and thus

avoids the solubility problems of higher oligosaccharides in ace

tonitrile/water mixtures. It is also free from the column degra

dation associated with amino bonded phase columns (43). This

reverse phase technique also resolves anomers having of the same

degree of polymerization.

Finally, it is important to note that isomers of synthetic

polymeric species having the same degree of oligomerization have

been resolved by two different groups. Scheuing (45) separated

isomers of polyester oligomers using a C-8 derivitized silica pack

ing in conjunction with acetonitrile/water gradient at lOoC.

Van Der Maeden, et al, (30) showed an even more spectacular frac

tionation involving the isomers produced by O-cresol and formal

dehyde using an octodecyl derivatized silica and a tetrahydrofuran/

water gradient. In these cases, there is no question that the

larger peak capacity and greater selectivity of HPLC compared to

high performance GPC is advantageous.

CONCLUSION

The studies reported in this review were selected as represen

tative ones that should serve to convince the reader that High

Performance Liquid Chromatography and, to a lesser extent High

Performance Gel Permeation Chromatography, are capable of perform

ing fractionations of oligomers for a variety of species. This

review was not intended to be exhaustive.
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