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SUMMARY

A system is described for handling data from an automated gas chromatograph
equipped with a digital electronic integrator and punched tape facilities. An off-line
computer programme gives quantitation in micrograms by internal standardisation,
and calculation of relative retention data. The system is used for the analysis of com-
plex extracts of acidic metabolites from biological fluids and is easily adapted for use
with other analyses. The computer processing time is 3 sec per sample of thirty to
forty components and it provides a very economical data-handling system for chro-
matographers with access to an off-line computer.

INTRODUCTION

We have recently developed methods for studying in detail the pattern of acidic
metabolites in biological fluids!—¢. The gas chromatography (GC) has now been fully
automated and the volume of data produced necessitates assistance with the data han-
dling problems encountered. This communication describes the system developed for
handling data from an automated gas chromatograph using a digital electronic inte-
grator and an off-line computer programme with quantitation by internal standard-
isation and calculation of relative retention data as a primary aid to identification
(gas chromatography-mass spectrometry is used for absolute identification).

EXPERIMENTAL

Gas chromatographic system
The GC system consists of a Hewlett-Packard (Avondale, Pa., U.S.A.) Model
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5750B gas chromatograph equipped with linear temperature programming, dual glass
columns and dual flame ionisation detectors, automatic on-column liquid injection
by conventional glass microlitre syringe using a Hewlett-Packard Model 7670 auto-
matic liquid sampler and an on-line Hewlett-Packard Model 3370B digital electronic
integrator, This apparatus is used for the analysis of extracts of acidic metabolites
from urine, blood plasma, and cerebrospinal fluid as their trimethylsilyl (TMS) and
ethoxime derivatives on 10 9, OV-101 on Chromosorb W using temperature program-
ming from 110 to 285° at 4°/min with an initial 5-min isothermal delay. GC internal
standards are tetracosane (CasHsy) and hexacosane (CyHsy), added at the same con-
centration at the time of trimethylsilylation. An acidic internal standard, undecane-
dioic acid, is also incorporated, being added to the biological fluid prior to initial
extraction. Full details of this extraction and analytical procedure have been published
elsewhere!~¢. Neutral and basic metabolites can also be analysed using similar proce-
dures.

Dara handling system

Basic system. The integrator is a Hewlett-Packard Model 3370B digital inte-
grator equipped with a code converter board and an ASR 33 teletype output with
punched tape facilities. The integration cycle is initiated by the automatic sampler on
injection of the sample and is stopped by the sampler after a preset time interval. The
integrator converts the analogue gas chromatograph signal into digital form and when
a peak is detected will print out a retention time at the peak apex in minutes or seconds.
The area is measured by a voltage to frequency converter which develops an output
pulse rate directly proportional to the input signal, the pulses being counted to give
the area in terms of ©V sec. The integrator has a linear range of | to 10% and is equip-
ped with up and down sensitivity controls that determine peak detection, a baseline
reset device that determines whether integration is by tangent measurement or per-
pendicular drop, front and rear shoulder controls and noise suppression and area
threshold limits. The chart recorder is controlled by the integrator which super-
imposes event markings on the charts. Full details are given in the Hewlett-Packard
Operating Manual®,

The integrator produces a 5-digit binary coded decimal output to the code
converter board which transmits this information to the teletype in 6-bit parallel,
digit serial format. The teleprinter produces a listing and corresponding punched paper
tape. Each row contains a 4-digit number followed by a 1-digit code. The first row
for each sample contains the sample number (from the autosampler turntable). Next,
pairs of rows contain peak retention times in hundredths of minutes (code 8) and peak
areas (codes O to 4, denoting the number of omitted zeroes after the printed figures).
The end of the data on a sample is signalled by a row with code 6 and this is followed
by a new sample number (code 0) automatically incremented by 1 from the previous
one. Other code numbers are treated as aberrant and cause an error print out.

At the beginning of a run the teleprinter keyboard is used to punch on the tape
a run serial number, the number of the last sample to be presented and the weight
of the primary internal standard (tetracosane) in the amount of sample injected
(usually 4 ul). The first sample number (usually 0001, 0) is punched on the next row, and
the run is then begun. After the final sample, a further sample number is punched and
the autosampler is then stopped by a microswitch activated by a plugin the sample tray.
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Computer programme. The computer programme first reads in the initial data
and hunts for a sample number row on the tape (code 0). The retention times and peak
areas, distinguished by their code numbers, are read from the tape and stored, ignoring
peaks with a retention time less than 5.2 min or areas less than 1000 units. The pro-
gramme then obtains approximate peak heights as the ratios of peak areas to corre-
sponding increments in retention time. The highest two peaks later than 39 min are
taken to be the two standards, and a check is applied that their positions and area ratio
lie between the predetermined limits —if this check fails, a warning message is printed.
Finally the areas are converted to absolute units by reference to the known quantity
of tetracosane, and the results are printed out. Each peak is shown with its retention
time and area (both absolute and relative to the primary standard) and its amount in
micrograms, assuming a unit response factor relative to tetracosane. The programme
then proceeds to the next sample.

A listing of the programme is given in Appendix 1 and a flow diagram of the
peak-reading section in Fig.l. The latter shows the checks which are applied and
exemplifies the complexity of a routinely useful programme for such a relatively sim-
ple task; as many as possible of the forseeable errors and exception conditions must
be coped with in such a way as to permit the continued analysis of uncorrupted data.

EVALUATION OF THE METHOD IN THE PRESENCE OF OVERLAPPING PEAKS

A typical chromatogram of derivatives of organic acid metabolites from the
urine of a patient with phenylketonuria and the corresponding computer printout are
shown in Figs. 2 and 3, respectively.

The analytical chemist manually compares the chromatograms and computer
printout, where necessary, for a final evaluation of the samples. Where peak identifi-
cations are known and overlaps are minimised by the integrator and chromatography,
and relative response factors to tetracosane have been determined, the components
may be quantitated in terms of micrograms simply by dividing the relative peak area -
by the corresponding relative response factor. In the present analyses, in the case of
urinary specimens the amount of sample injected into the chromatograph is equivalent
to 12 ug creatinine and hence results may be finally expressed as ug per ug creatinine,

It can be seen from the chromatogram (Fig. 2) of urinary organic acids from
a patient with phenylketonuria that the major phenylalanine metabolites of interest
elute close together and that the peaks due to the derivatives of 2-hydroxyphenyl-
acetic acid and 3-phenyllactic acid partially overlap. Peak area measurement by the
Hewlett-Packard integrator is either by perpendicular drop or by tangential separa-
tion, which is determined by the setting of the baseline reset delay control. For per-
pendicular drop integration the baseline is reset after a finite time (>0.1 min) and for
tangential integration the baseline reset control is set at zero and a new baseline is
set up immediately integration of a peak has stopped. With overlapping peaks, there-
fore, and using perpendicular drop integration, the baseline to which peaks are re-
ferred is that of the start of the first peak of any overlapping series. A new baseline is
not set up until the set finite time has elapsed before another peak elutes, and thus
all the peaks are integrated with respect to the first established baseline of the group.
In the analysis of complex mixtures of compounds extracted from biological fluids,
compounds are continually eluting from the column and almost continuous small
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Fig. 1. Flow diagram of the peak reading section of the computer programme.

overlaps occur at base (see Fig. 2). New baselines are thus set up at only a few places
in the chromatogram using perpendicular drop integration. With tangential integra-
tion a new baseline is set after each peak throughout the analysis, this baseline being
on a tangent to the down slope of the preceding peak where overlap occurs.

In order to examine which of the two integration methods is best for such
complex chromatograms, five standard mixtures containing varying proportions of
the three major phenylalanine metabolites were prepared as their TMS derivatives
and in the case of 3-phenylpyruvic acid as its TMS-ethoxime derivative and analysed
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Fig. 2. Chromatogram of TMS and TMS-ethoxime derivatives of acidic metabolites extracted from
an aliquot of urine (equivalent to 12 #g creatinine) of a patient with phenylketonuria. Chromato-
graphy was on 10%; OV-101 on HP Chromosorb W (AW-DMCS), 80-100 mesh, using temperature
programming from 110 to 285° at 4°/min with an initial 5-min isothermal delay. Identities of the
peaks are as follows: 1 = sulphate; 2 = benzoate; 3 = phosphate; 4 = mandelate; 5 = 2-hydroxy-
phenylacetate; 6 = 3-phenyllactate; 7 = 3-phenylpyruvate; 8 = hippurate; 9 = citrate; 10 = 4-
hydroxy-3-phenyllactate; 11 = 4-hydroxy-3-phenylpyruvate; 12 = undecanedioate (internal stan-
dard); 13 = urate; 14 = tetracosane (internal standard); 15 = hexacosane (internal standard).

in duplicate using both methods of integration. Recovery figures for 2-hydroxyphenyl-
acetic acid, 3-phenyllactic acid, and 3-phenylpyruvic acid by tangential integration
were 148.1 + 3.49,, 77.0 &= 3.2%, and 88.0 4- 4.8 %, respectively (means - standard
error). By perpendicular drop integration recoveries were 150.9 4- 3.0%, 104.6 +
3.0%, and 95.5 4- 3.19%, respectively. 2-Hydroxyphenylac:itic acid appears over-
estimated by both methods, this being due to overlap with 3-phenyllactic acid. Com-
bining the recoveries of these two acids, and expressing the total as 3-phenyllactic
acid, gives recoveries of 104.0 - 1.6 % for tangential integration and 122.5 4 2.5%
for perpendicular drop integration. This indicates that tangential integration gives
more accurate results with such chromatograms, and this was further confirmed by
calculating the recovery of the undecanedioic acid internal standard by both methods
of integration for 14 separate urine samples. Tangential integration gave recoveries
of 108 + 1.7% and perpendicular drop integration gave recoveries of 134.0 ++ 2.2%.

The degree of overlap of the peaks due to 2-hydroxyphenylacetic acid and 3-
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phenyllactic acid is constant using set analytical conditions and thus correction factors
may be applied to obtain accurate results. These factors were calculated from the
standard data as 0.675 for 2-hydroxyphenylacetic acid and 1.299 for 3-phenyllactic
acid. As an example of applying these factors to recovery figures for these acids, where
original rc:uhs were 144.6 9, and 86.9 %, respectively. final corrected results of 97.7 ',
and 112.8%/. respcctively, were obtained. Accurate results from partially overlapping
peaks may be obtained therefore by running the standard materials involved and
calculating and applying the appropriate correction factors. The use of correction
factors in the calculation of overlapping chromatographic peaks has been discussed
in detail by Novik er al.”.
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Fig. 3. The compu!cr printout corrcspondmg to the chromatogram shown in Fig. 2.
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DISCUSSION

Use of the system over several months and for the analysis of more than 500
specimens has indicated its wide applicability and uscfulness for the data handling
of complex gas chromatographic analyses. With minor adaptations in the set limits
appropriate to the analytical conditions being used, the system may be used in other
analyses including liquid chromatographic systems, and is currently being adapted
for use in the analysis of the neutral metabolites. Most of the computer systems and
programmes that are commercially available or are described in the literature involve
the use of dedicated on-line computers and arc suitable only for relatively simple
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analyses with quantitation by a normalisation procedure and expression of results as
percentages of the total peak area’='°. On-line systems are of greatest use where more
than ten gas chromatographs are being run simultaneously and where the analytical
conditions are very similar on each instrument with relatively simple mixtures being
analysed, as in a process control laboratory. The greater the variation between anal-
yses and hence programmes required and the more complex the mixture being analysed,
the fewer the number of chromatographs that can be accommodated by one computer.
An off-line system has the additional advantage that when a variety of analyses of
different type are being made, not all of which are amenable to computer processing,
the integrator still produces listings of peak retention times and areas in the real time
of the analysis.

The processing time with the present system is about 60 sec for one full punched
paper tape of 20 samples each containing approximately 30-40 components. It there-
fore provides a relatively inexpensive method provided that the analyst has access to
an off-line computer.

Previously described systems are not suitable for the analysis of complicated
mixtures of compounds extracted from biological fluids in which the components
have widely differing relative responses and where not all the peaks are of interest.
Many of the components may be unidentified and quantitation of identified peaks by
internal standardisation is the only suitable method available. The highly complex
chromatograms produced require a series of closely interrelated subjective decisions
for their interpretation; these cannot, as yet, be made by a computer without extensive
programming. Hence, the computer cannot be used to identify peaks and to quantitate
them directly in terms of micrograms, and manual interpretation is still required. This
is particularly important when a series of analyses is carried out over several months
and minor variations in column material and exact analytical conditions such as tem-
peratures and carrier flow rates occur. The early eluting peaks tend to be more greatly
affected than the later peaks. In the case of urinary specimens, the positions of major
. peaks that always occur (e.g., sulphate, phosphate and the undecanedioic acid
internal standard) are used for identification purposes. Further improvements in the
chromatography will be necessary before the computer can be programmed to under-
take full evaluation of a complex chromatogram.

APPENDIX

Full listing of the computer programme (Fig. 4).
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