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Fig. 14. First prototype of the Gravity-Zero (G @) miniature
analyzer for space use

draw his own blood and operate the entire machine.
Pipetting at zero gravity is hazardous and ordinarily
does not work. Spectrophotometry is beset with air
bubble problems. and the transfer of liquids is
extremely difficult. One answer is to perform all
analyses in a centrifugal field—ie., to provide
“artificial” gravity in the analytical device itself.
Since the GeMSAEC? does this. it was a natural
choice for adaptation to the NASA Skylab program.
However, a series of very difficult technical problems
must be solved before the concept can be used in a
space environment.

The first problem is miniaturization. A decision was
made to use disposable rotors with preloaded reagents.

e, .‘ 5 3 3 3 X
Fig. 15. Second prototype of Gz system presently in use to
develop analytical procedures for use in space [from a
paper by W. F. Johnson et al.: Clin. Chem. 18, 762 — 766 (1972)]

2 GeMSAEC is an acronym for the National Institute of -

General Medical Sciences and the U.S. Atomic Energy
Commission who sponsored most of this work. The same
acronym has recently been trademarked by one of the
manutfacturers. Commercial versions ot the system described
are available from Union Carbide Corporation and Hoffmann-
La Roche (CentrifiChem), Electro-Nucleonics Inc. (Gemsaec),
and American Instrument Company (Rotochem).
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Table 3. Desirable determinations for the (¢ =~ analyzer

Glucose

LDH

SGOT

SGPT

BUN

Protein (Total)
Alkaline Phosphatase
Inorganic Phosphate
Ammonia

Acid Phosphatase
Bilirubin

Calcium

Chloride

Sodium

Potassium
Magnesium

It was hoped that this would allow all tests required to
be done on one blood sample to be done simultane-
ously. The first prototype of a Gravity Zero (G @)
Analyzer is shown in Fig. 14 [8]. The total reaction
volume for each reaction is 100 ul. and the optical
path is 0.5 em. Subsequent versions (see Fig.13) [15]
have incorporated refined optics, electronics. speed,
and temperature control. Three data reduction
alternatives are provided. The first is telemetry of a
partially processed signal to Houston for computer
processing. The second is onboard data processing
using an onboard computer. The third is use of a
mechanical printer which prints out plots of absorb-
ance vs time. '

The analyses presently planned for the G & system
are listed in Table 3. One unique feature under
development is a provision for preparation of
serum from whole blood in the same disposable
rotor used for chemical and enzymatic assays [27].

While many difficult problems remain to be solved,
it is probable that miniature fast analvzers will one
day find wide use in pediatric and emergency labora-
tories and in small hospitals and elinics.

Conclusions

What is the future of the GeMSAEC fast analyzer
concept and what work remains to be done? Is
there, for example, any reason to develop faster
systems with a higher throughput? Is miniaturization
important?

One of the major reasons for constantly striving to
increase the speed and precision of measurements, to
reduce sample volumes, and to lower the cost of
individual tests is to be able to return to a classical
principle of analytical chemistry—to demonstrate the
precision of an analysis by repeating it two or more
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times. i.e., to run them in duplicate. triplicate,
quadruplicate, etc. If this is done on a random
basis, that is. if the duplicates or triplicates are not
consecutive, then one also has a check on sample
identification. At present costs, with present work
loads, and with present equipment, this approach to
quality and identification assessment is almost entire-
ly out of the question. With very fast inexpensive
computerized analyses this would not necessarily be
the case.

How fast is fast, and what limits speed of analysis?
We may begin by asking how much time is taken to
make one measurement as the rotor is spinning.
The sample-and-hold circuit samples the photo-
multiplier signal for approximately 2 millionths of a
second (2 usec). so that only a very tiny fraction of
the peak plateau is actually used. Actual measuring
time is therefore not limiting, and rotors could be
made to spin muach faster than they do without
running into trouble. Actually in the analytical
ultracentrifuge, absorbance measurements are made
and digitalized at 60000 rpm routinely [28].

With a 42-place rotor spinning at 600 rpm, the
interval between signals from consecutive cuvets is
2.38 msec or approximately 1000 times longer than
the actual sampling interval. The time between data
points used to determine reaction rates is usually
5sec or more, although for extrapolating to zero
time absorbance it may be much less. Tt is obvious
from these considerations that the reading intervals
could easily be in the 100 msec range or less providing
the reactions are proceeding with sufficient rapidity
to warrant such fast data collection, and provided
that the reactions could be started rapidly enough.

As mentioned, optical measurements may be made
on solutions in analytical rotors spinning at 60 0001pm
whereas we are usually working at only 19/, of this
speed. The possibility of higher rotor speeds is there-
fore wide open for exploration and should make
possible reaction initiation by adding substrate
quickly during high-speed rotation, possibly in the
form of a fine spray.

The final question concerns limitations on reaction
rate measurement. It is here that the inherent pre-
cision of the system becomes valuable, because with
each increase in precision. the time interval required
for rate measurement decreases. However, there are
also biochemical methods for shortening reaction
times which may be employed. Most reaction rate
measurements have been set up for manual perform-
ance. This means that the rates are adjusted to allow
manual adjustment of the spectrophotometer, opera-
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tion of a stopwatch, and data recording—all during
the reaction. By altering the relative concentration
of reactants, the rates can often be very much in-
creased, as is shown by the popularity of stop-flow
measurements. From a purely physiological view-
point, there is good reason to attempt to measure
enzyme activities at concentrations closer to those
which occur in the body. We conclude therefore that
it is now technically feasible to initiate reactions, make
rate measurements, and complete many of the calcu-
lations in less than 1 sec, entirely in the millisecond
range. To make this routine will require very much
additional work.

In conclusion, GeMSAEC fast analyzers in the
form initially developed are now coming into general
use for both kinetic and reaction-to-completion
measurements. However, the several concepts em-
bodied in the system have, as yet, not been fully
explored. We will watch with keen interest the evolu-
tion of these ideas at subsequent sessions of the
justly famed Biochemische Analytik.
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