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Tab1e 1. Reaction volumes Ilnd methods used in the clinical 
analyses of various blood constituents utilizing a Ge:\ISAEC 
fast analyzer as the analytical tool 

Blood Reagent Sample Method and 
constituent volume (fl.l) volume (fl.l) referenee 

Protein 400 10 Biureta.b 

Albumin 40() 10 Habac,d 
Glucose 400 :?5 Barthelmai and 
Enzymes Czoke 

AP 400 20 Bessey et al. f 
CPK 400 50 Oliverg 

LDH·L 400 ,30 'Wacker et al. h 

LDH·P 400 20 'Wroblewski and 
LaDuei 

SGOT 400 50 Karmeni 

Henry et al. k 

SGPT 400 iiO Wroblewski and 
LaDuel 

Henry et al. k 

a Hatcher, D. 'Y., Anderson. N. G.: Anal. Biochem. 31, 
2i2 (1915!l1. 

b \Vei('l!spibaulll. T. E.: Am. ,J. Clin. Pathol. 10, 40 (1946). 
c Xess, A. T., Dickerson, H. C., Pastewka, J. V.: Chim. 

Acta 12. ,3:{2 (l\)(j;j). 
d Pruitt. C. D.: Biuret determination-Anion dye.cou. 

piing �p�r�o�c�e�c�l�u�n�~� for total protein. and A/G ratio of human 
bloud serulll.:'\I. S. thesis, Vniv. of Tennessee, Knoxville, 19iO. 

e Barthelmni.Ir., Czok. R.: Klin. WochenschrAO,58.'5 (1962). 
f Bessey', O. A.. Lowry, O. H.. Brock, M. J. : J. BioI. 

Chem. 16-1, :121 (194ti). 
g Oliver, 1. T.: Biochclll. ,J. (\1, 116 (1955). 
h Wacker', W. E., Vlmer, D. lJ .. Vallee, B. L.: N. Eng!. J. 

i\[ed. 2:;:" 44H (1!l,iti). 
j Wrohlewski. F .. LaDue, ,J. S.: Proc. Soc. Exptl. BioI. 

:.\[ed. !J(). 2\0 (lU;i,;). 
j Karmen .. \.: J. Olin. Invcst. 11·l, 1:l1 (19.';5). 
k Henry, R. ,T., Chiamori, X .. Golub, O. J .. Rerkman, S.: 

:\m. J. Clin. Patllol. :u., :181 (UWO). 
1 Wrohlcwski. F .. LaDue. J. S.: Proc. ::loco Expt!. BioI. 

Med. 91, 5(j!l (19;iU). 
Xotc: Reprodllced by permission from Clin Chern. 17, 

6RU-U!Jij (l!li 1). copyright 1 H7l by Clinical Chemistry. 

Table 2 

Z. Anal. Chern., Band 261. Heft 4/-,5 (1972) 
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Absorbance vs Time. 

I<'ig.l:3. Extrapolation to zero time for blank determination in 
a reaction run to' completion (from a paper by T. O. Tiffany 
et al. [29]) 

fixed intervals. Nonlinear kinetics are not a problem 
whcn standarrls are used and when the computer is 
equipped with a curve.fitting subroutine. 

Analyses in Spaee 

During prolonged space flight in close quarters at 
ZCI'O gravity, and on recyded consumables. many 
physiologieal changc::; may be expected and some 
have been seen. Lt is important that as complete 
clinical chemistry analytical faeilities as possible be 
availablc during Hight. This raises a constellation of 
intere:;ting problemR. No clinical chemist will be 
available in the spaee vehicle. Only a very small 
amount of spaee in the spa<.:e vehicle and a small 
launch weight load are allowed. Reagents must be 
:;tabilizecl to la::;t the entire trip. The astronaut must 

Analytit'al I"PRtilts obtailll'd from multiplrl analyses of a single serum sample by using the 42.place Ge:.\[::lAEC fast analyzer 

Analysis :'Il'o. Analytical results :::lall1ple Reagent cost TimB 
analyses 

�~�[�e�a�n� CY (Ufo) volume (fl.l) (cents per test) min/disk samples/ha 

Protein ;37 ti.iH g/lOO ml 0.7 10 0.1 1(J t:{!) 

Albumin :li :U·8 g/100 ml 0.7 10 0.1 W 1:3H 
ClueoHe :li B1.2 mg/lOO TIll 0.5 2.h (i li l:ll 
Enzymes 

AP .1-1 44.1 Ujl (:30°C) 1.1 20 4 18 1:\7 
OPK 41 2.''i.(1 WI (:30° C) U) ,30 10 20 12:3 
LDH·L 41 5:'5.2 VII (30°C) 2.1 ,iO 4 19 12f) 
LDH·P 41 14i.1 U/l (30°C) l.:l 20 :3 li 145 
::lCOT 41 l:l.4 U/I (:{O°C) 5.!) 50 4 17 14.5 
SGPT 41 11.0 WI (300 C) 4.i 50 5 1 !J 129 

a Extrapolated �v�a�l�u�(�'�~�.� 

�~�o�t�e�:� Reproduced by permission from [1:1]. 
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Fig. 14. First prototype of til(' nravity.Zero (G 0) 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. Speetrophotometry is beset with air 
bubble problems. and the transfer of liquids is 
extremely difficult. One answer is to perform all 
al\alyses in a centrifugal field-i.e., to provide 
"artificial" grayity in thc analytical device itself. 
Since the Ge}ISAEC~ does this. it was a natural 
choice for adaptation to the XASA Skylab program. 
However, a series of very difficult technical problems 
mu:;t be solved before the concept call be used in a 
space environment. 

The fir:;t problem it-; miniaturization. A decision was 
made to usc dispo:;able rotors with preloadedreagents. 

Fig. 15. Seeond prototype of G z system presently in use to 
develop analytical procpclures for use in space [from a 
paper by"'. F. ,Johnsonetal. :Clin. Chem.1S, j{j2-71i(i (1\),2)] 

2 GeMSAEC is an aeronym for the National Institute of 
Genera! :\[edical Sciences and the U.S. Atomic Energy 
COll1miRsion who spollsor!'([ most of this work. The same 
acronym has rt"'cntly been trademarked by one of the 
manufacturers. Commercial versions of the Rystem described 
are availablp frOlll Union Carbide Corporation and HofInHlnn­
La Roche (CcntritiChcm). Electro-Xucleonics Inc. (Gems~tec). 
and American Instrument Company (Rotochem). 

Table :3. Desirable determinations tor the U.~ anal~'zer 

Glucose 
LDJI 
SGOT 
SGPT 
BUN 
Protein (Total) 
. .\.Ikalinp Phosphatase 
Inorganic Phosphate 
Ammonia 
Acid Phosphatase 
Bilirubin 
Calcium 
Chloride 
Sodium 
PotassiuIll 
~[agnesium 
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It was hoped that this would allow all tests required to 
be done OIl one blood sample to be done simultane­
ously. The first prototype of a Gravity Zero (G 0) 
Analyzer is shown in Fig. 14 [8]. The total reaction 
volume for each reaction is IOU fLl. and the optical 
path is 0.5 cm. Subsequent versions (see Fig. 15) [15] 
haye incorporated refined optics. electronics. speed. 
and temperature control. Three data reduction 
alternatiyes are provided. The tlr:;t 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 absorh-

. .. 
ance YS time. 

The analyses presently planned for the G 0 system 
are listed in Table 3. One unique featme under 
development is a provision for preparation of 
serum from whole blood in the same disposable 
rotor used for chemical and enzymatic assays [27 J. 

'While many difficult problems remain to be solved. 
it is probable that miniatme fast analyzers will one 
day find wide use in pediatric and emergency labora­
tories and in small hospitals and clinics. 

Conclusions 

'''hat is the future of the Ge}ISAEC fast analyzer 
concept and what work remains to be done? Is 
there. for example, any reason to de,elop faster 
systems with a higher throughput? Is miniaturization 
important? 

One of the major rea:;ons 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 mure 
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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 abo has a check on sample 
identification. At present costs, with present work 
load~, and with present equipment, this approach to 
quality and identification asscssment 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 approximc1tely 2 millionths of a 
second (2 11.8ec), 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 mnch faster than they do without 
running into trouble. Actually in the analytical 
ultraccntrifuge, absorbance measurements a:re 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 
f) sec or more, although for extrapolating to zero 
time absorbance it may be much less. It is obvious 
from these considerations that the reading intervals 
eould 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 ret1ctions could be started rapidly enough, 

~~s mentioned, optical measuremcnts may be made 
011 solutions in analytical rotors spinning at 60000 rpm 
whereas we are usually working at only 1010 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 increao;e in precision. the time interval required 
for rate me:1Sllrement deereases. However, there are 
also biochemical metho(ls 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-

Z, AnaL Chern., Band 261, Heft 4/.5 (1\J72) 

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-fiow 
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 kinetie 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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