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Computer Interfaced Fast Analyzers

New instruments afford quantitative analyses of
biological samples in several minutes.

Fast analyzers (/) are analytical in-
struments which provide output data
in a form and at a rate suitable for
direct input into a computer. The sim-
ple basic principles, developed during
the past 2 years (2—4), give promise
both of increasing the rate at which
many biochemical analyses and clinical
tests may be performed and of increas-
ing the precision. The research and the
clinical requirements which gave rise to
this work and the present status of de-
velopment are reviewed in this article.

At present the workload of the hos-
pital clinical laboratory is increasing at
an estimated rate of 15 percent per
year, and any widespread screening
studies are expected to overtax the exist-
ing facilities (5). Methods for mecha-
nizing analyses have been developed as
a result of the trailblazing work of
Skeggs which led to the development
of the AutoAnalyzer (6). In this device
a continuously flowing, air-segmented
liquid stream carries a sample past a
series of stations or positions where
reagents are added or where processes
including heating, dialysis, incubation,
filtration, or absorbance measurement
are carried out. Use of the system has
enormously increased the number of
analyses which may be done in a given
time and on a given sample. Recently
a number of devices have been intro-
duced in which discrete samples and
individual glass or plastic reaction ves-
sels are used; these vessels are moved
past stations where additions, reactions,
or measurements occur (7). Even so,
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an enormous clerical workload usually
remains, and estimates of the percent-
age of time that personnel devote to
this purpose in clinical laboratories
have ranged from 20 to 70 percent.
At first glance it would appear that
computers should be easily adapted to
solving this problem. In practice this
has been only partially true. One diffi-
culty has been that the rate at which
data are generated, the rate at which
an analyst can evaluate it, and the
rate that a computer can reduce it to
final form are mismatched.

Automation

Automation involves feedback control
to produce self-corrective or decision-
making systems (8). True automation
has rarely been applied to biochemical
or clinical analyses; what has been done
is more properly described as mechani-
zation.

In practice, a chart record may be
made for visual inspection as data are
gathered, but numerical results may not
be available until long after all anal-
yses are complete. Automation requires
some method of monitoring a reaction
throughout its entire course to ascertain
that the reagents are properly made,
that the temperatures are those re-
quired, that proper temperature com-
pensations are made, that the absorb-
ance measurements are made at the
proper time, or that proper dilutions of
the samples have been made. With
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enzyme assays, for example, a lag pe-
riod often occurs before a linear reac-
tion rate is obtained. Deciding when to
read and when to stop reading is best
done by a computer.

For automation, it is essential that
the analytical results be obtained in
sufficient time to be used to control
some aspect of the analysis. If analyses
are performed sequentially by an ana-
lytical train traversed in minutes or
hours, this cannot be done. The ad-
vantages of true automation, while self-
evident, remain to be demonstrated.

At present the large clerical compo-
nent in the laboratory workload (name-
ly, sample identification and data stor-
age, intercomparison, and compilation)
suggests that automated system develop-
ment begin with the computer and work
back toward the problems of wet chem-
ical analysis. This is especially true if
one proposes to attack the problems of
sample misidentification and of quality
control by doing multiple analyses of
each sample in random sequence. If two
(or whatever number) analyses of the
same type on a sample agree, there is
a high probability that the results are
truly representative of the sample. Such
multiple analyses can only be done if
the cost per test i$ very small and if
the number of analyses done can be
very large. ‘

Computer Interfacing

The objective is an analytical system
in which a computer is interfaced to
analytical devices in such a manner
that it controls them. This objective has
not been fully reached.

The basic problem with slow ana-
lyzers (about 20 seconds to 2 minutes
between data points) has been that data
is stored in the form of a strip
chart record, of paper or magnetic
tape, or of punched cards and complex
interfacing is usually required. Base-
line drift of mechanical, chemical, or
electronic origin is indigenous to such
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Fig. 1. Principles of operation of the GeMSAEC fast analyzer. Measured volumes
of reagents and samples are placed in depressions in the fluorocarbon transfer disk
shown in (A). The depressions are arranged so that reagents and samples are unmixed
at rest, but can move radially without mixing with adjacent sets of reagents and
samples. The transfer disk is placed in a cuvette rotor, as shown in (B), and rotated.
Centrifugal force moves all liquids out into the rotor cuvettes which rotate past a
stationary light beam as shown in (B). The signal obtained from the photomultipler
is displayed on an oscilloscope continuously. Fifteen separate reactions are therefore
started at the same time and may be continuously followed. Gross errors in pipet-
ting, reagent, or standard preparation may be observed, in the case of fast reactions,

after a few seconds.

slow-output systems. If a computer is
to be used efficiently, the data should
be fed in directly at a high rate of
speed and should be suitably initialized
so that all signals are properly identi-
fied. If the data signals for 15 to 90
“analyses can be produced in a small
fraction of a second, electronic or other
drift will be minimized within that set.

The possibility then exists of repeat-
ing all readings on each sample many
times, averaging them, doing the neces-
sary statistical analyses, and simul-

taneously deciding how many readings
should be obtained for proper statistics,
all in much less than a second. Pro-
grams making such decisions have been
written for the photoelectric scanner
for the analytical ultracentrifuge (9).

The data obtained during each short
data-taking interval should include a
measurement of the base-line current
(called dark current); a water, air, or
reagent blank; a series of standards,
if required; and a series of unknowns.

It is at once apparent that these
requirements preclude serial analysis
of samples. Instead, analyses are best
done in parallel with all reactions, ad-
ditions, and other steps occurring for
all analyses at the same time. The
interval required for absorbance mea-
surements must be a very small frac-
tion of the reaction time (that is, less
than 1 percent of it). In practice, this
means that variations between mixing
times and the time required for all
photometric measurements should be

less than 0.1 second, and that the num-
ber of reactions run simultaneously
should be large (15 to 90). These com-
puter-oriented requirements have dic-
tated the directions in which work on
fast analyzers has proceeded.

Analytical methods in which ab-
sorbance measurements are used vary
in complexity and involve sample and
reagent measurement and transfer, plus
one or more of the following: incuba-
tion at elevated temperatures, timed
reagent addition, filtration, centrifuga-
tion, dialysis, solvent extraction, or
distillation (3). A variety of problems
must be solved if these are to occur
simultaneously in each of a series of
assays run in parallel.

In the initial studies described here
we have concerned ourselves with only
single-step reactions, that is, with anal-
yses in which a sample and one or more
reagents are mixed initially and read
after a suitable interval. A number of
such simple analyses are in common
use and include the biuret test for
protein, the anthrone test for sugars,
and many assays for enzymes, especial-
ly those linked to nicotinamide-adenine
dinucleotide. The principles on which
fast analyzers with more complex re-
actions can be based are now at hand.

Cuvette Rotors

Centrifugation provides a driving
force which has not been fully ex-
ploited to measure and transfer liquids.
In the synthetic boundary cell of the
analytical ultracentrifuge it was dem-
onstrated that quantitative transfer of
fluid can be achieved by centrifugal
force and that the meniscus is flat (10).
Air bubbles are quite obviously absent.

Traditional centrifuge tubes may be
replaced by cuvettes, and these may be
read during rotation with the use of a
stationary light beam. Small cavities
may be arranged centripetal to the
cuvettes to hold samples and unmixed
reagents at rest. During rotation these
liquids flow into the cuvettes, and all
cuvettes may thus be loaded at the
same time (Fig. 1). The minimum

Fig. 2. Disassembled 15-place cuvette
rotor. The slotted black Teflon cuvette ring
(C) is compressed between a thick glass
disk (D) and a glass annulus (A) to pro-
duce the cuvettes. Samples and reagents
are placed in the transfer disk (7). Re-
maining components support the cuvette
ring and glass components and attach
them to the drive motor.
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