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t, ABSTRACT

A method Is described for the enzymatic analysis of blood L-laCtiC acid. The
method in based on existing methods, but incorporates certain unique features which
permit a rapid and precise analysis of a large number of samples. One of the more
important features Is the use of a simplified procedure for correcting the problematic
drift of the unstable reaction mixture. In addition, conditions for the enzymatic
activity were established which facilitate complete oxidation of lactate in 80 to
35 minutes. A comparative analysis of several blood filtrates, using the present
method versus a well-known chemical method, as well as recovery analyses using the
two methods, establishes the validity of the present test system.

This technical documentary report has been reviewed and is approved.

ROBERT B. AYNE/le
Colonel, USAF, MSC U
Chief, Operations Division
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RAPID, ACCURATE ANALYSIS Of BLOOD LACIATE

1. INTRODUCTION at least two weeks when stored under refrigera-
tion.

On the basis of numerous reports within

recent years, the rather time-consuming and Lactic dhihydroge•use. An ammonium sul-
nonspecific analysis of lactic acid by so-called fate suspension of crystalline muscle lactic
chemical methods hus been virtually replaced dehydrogenase (41.8 mg. enzyme protein per
by enzymatic methods (1-8). While these re- milliliter, 61.4 units per milligram) was diluted
ports clearly establish the general preference 1:5 with distilled water. While the dilute prep-
of the enzymatic method, methodologic dif- aration will retain its activity for several
ferences between them indicate that no con- weeks when stored in a refrigerator, a volume
ventional or widely accepted procedure has been in slight excess to that required for the day
established. Thus, there does not seem to be was prepared.
a preferred protein precipitant, pyruvate-trap-
ping agent, end product (DPNH, (lye), correc- Dl ?udeotidc. A 30 rg./
tion for an unstable reagent blank, pH of mi. solution of DPN was prepared fresh each

reaction mixture, nor optimum concentration day.

of the various reactants. Olson (7) recently 1,-Lactic acid. A 40% stock sodium lactate
reported the optimum conditions for an en- solution was standardized by chemical analysis
zymatic method, but certain aspects of the (9) using recrystallized lithium lactate stan-.
method seem worthy of further consideration ards. An intermediate standard was prepared
and perhaps modification. front the stock solution which contained 2.00

The present report describes an enzymatic rag. L-lactic acid per milliliter. A set of five

method which combines certain features of calibration standards, ranging from 10 to

existing method-. and introduces innovations to 50 rmg. per 100 ml., was prepared at frequent

form it simplified, rapid, and accurate measure intervals front the intermediate standard.

of blood lactate. The analysis of 24 blood p-Iydroxydiphenyl reageit. p-Hydrox-
samples, in duplicate, and with atn appropriate ydiphenyl (1.5 gin.) was dissolved in 5%
number of blanks and calibration standards, can NaOH (10 ml.) and diluted to 100 mi. withNael[e(10lml.)candldluted to 100rml.uwit
be readily accomplished in four hours. distilled water. This reagent will remain stable

for several weeks when stored in an amber
bottle and refrigerated.

Solutions, reagents, etc. Cupric sulfate (4% and 20%).
Glycine-hydrazine buffer. A liter of pH 9.0 Culciu hyrxe (powder).

buffer was prepared by first dissolving 37.5

gin. of glycine in approximately 800 ml. of dis- Sodium hydroxide (2.5 N).

tilled water. After adding 13.5 ml. of hydrazine Sulfuric acid (concentrated).
(1.011 sp. gr., 95%), the solution was thorough- Perchloric acid (6% w/v).
ly mixed and the pll adjusted to 9.0 with 2.5 N Trichloroacetic acid (10% w/v).
sodium hydroxide. This buffer contains 0.5 M
glycine and 0.4 M hydrazine when diluted to Preparation of protein-free filtrates
1 liter with distilled water, and is stable for

Three methods for the collection of blood
Reveived for publication on G April 1943. were examined. The first method consisted



of allowing approximately 3.0 ml. of (log blood tent in excess of 50 Mag. per 100 ml., it was
to flow from a femoral arterial catheter directly necessary to dilute the filtrate. Rather than
into it weighed test tube containing 5.0 nil. of diluting the filtrate prior to the addition to
10% triehloroacetic acid (TCA). The exact the buffer, we found it convenient to add
volume of blood in the filtrate was then corn- 0.05 nil. of the blood filtrate and 0.05 ml. of
puted on the basis of the weight of it precisely the blank filtrate to the buffer. The addition
measured 3.0 nil. volume of a representative of the latter was essential for the maintenance
blood sample. In the second method, a 3.0 mil. of standard test conditions within the reaction
pipet was connected directly to the femoral mixture. Exactly 0.03 nil. of the dilute lactic
catheter, and the precise volume of blood was dehydrogenase (1l)IN) preparation was added
immediately added to 5.0 nil. of 10% TCA. to each tube, and the cuntents thoroughly
The third method consisted of drawing the mixed. Up to this point in the procedure, the
blood from the catheter with a syringe, tranis- tinie factor for the addition of components was
ferring the blood to a test tube, and then not considered too critical. Hlowever, at a
transferring it 3.0 ml. volume into 5.0 ml. of precisely noted time, 0.2 nil. DIPN was added
10"". TCA. Contents of all tubes were prompt- to the set of duplicate blanks, and thereafter
ly and vigorously mixed and then centrifuged added consecutively to the remaining sets of
for 20 minutes at 3,000 r.p.m. tubes at exactly 2-minute intervals. The re-

action mixture was again mixed and then
A limited number of filtrates were prepared, allowed to remain at room temperature (26" C.)

using an equal volume of blood and 6% perchlo- during the incubation interval. After the
ric acid (I'CA). The acidified samples were lapse of precisely 60 minutes, optical density
centrifuged for 20 minutes at :3,000 r.p.m., readings were obtained, using it Beckman model
decanted, and the supernatant centrifuged DU spectrophotometer at a wavelength of
again. 340 min. and a slit of 0.3 mam. The 60-minute

incubation period was easily maintained for
TCA mixtures of the previously mentioned all samples with the allowance of the 2-minute

lactate cilibration standards were freshly pre- interval between, for the filling of cuvettes
pared according to the procedure described and the reading and recording of optical density
above. The procedural blank consisted of values. One-half (0.5) nil. silica cuvettes,
adding 3.0 nil. of distilled water to either 5.0 ml. 10 mm. light path, were used and all samples
of 10%. cA or 3,0 ml.' 6% ICA. were read against distilled water.

Enzymatic analysis of lactate For the calculation of lactate concentration,
the average optical density of the blank was

The method herein lescribel for the oeas- subtracted from all other optical density values.
urement of blood lactate is similar to the The calibration curve wits constructed from the
procedural instructions supplied with the Boeh- net absorbance values of the standard lactate
ringer Test Combination (6). It consists of filtrates, and the apparent lactate concentra-
adding 2.0 ml. of glycine-hydrazine buffer to tion of the blood filtrate wits read off directly
a series of test tubes, the number depending as milligrams of lactic acid per 100 ml. blood.
on the number of specimens to be analyzed.
The first six sets of duplicate test tubes were The true lactic acid content was then ob-
reserved for TCA filtrates representing 0 tained by multiplying the apparent value by
(blank), 10, 20, 30, 40, and 50 mag. L-lactic acid a factor determined by the following equation:
per 100 ml. Because of a time limitation in a
subsequent phase of the analysis, a maximum (V,. W -') + V:,
of 25 blood samples, in duplicate, can be Factor - V1 + V'2
processed at a time. In most cases, a 0.1 mil.
volume of the filtrate resulted in a lactate value where V, is the volume of blood added to TCA
falling within the range of accuracy. However, (3.0 ml.), V2 is the volume of TCA (5.0 ml.),
for samples suspected of having a lactate con- W is the weight of 1.0 ml. blood, and F is the
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liquid fracetion of blood. Assuming at normul
weight of 1.06 gm./ml. and at blood waiter frite- 0.500-
tion of 801A, the factor becomes4 0 .942. 0.250

The analytic procedure. described ibove, 0.200
wats ailso carried out-a double volume of eatch 0 oiso
component being used, iii an attempt to
eliminatte the use of micropipets and micro- CL

*- Ctivettes. ,5
0C

Cnlrlnet I ( .eicl 5nli of lacat 20 25 30 35 40 45 50 55 60
IV slight 1mo0itifi(.tion of the Marker and INCUBATION T .IM[ (MINUTES)

Wfininierson miýt houi (() wjt, u~ed ias the basis
* for ifssessing the liaefornuiniu of the enzymattic i~~t'

miet hod. The mei(hifua'tion tonsisted of placing Intitlh~iljfi elf 1.-irfitnio yln{4nr, : Curve a-- cumpit I
0.6 mil. of the T'A 'filt rate in a it) 1mnl. dconicuJl riucti-n ,nli..inrr (icngcntl blank);: curve b--rcractivn

v entrifuge tube andl adns 1 .0 il. 201"; CuSO, injliriiinn .1;i nlure-rtcin, ir

andi,.8.'1 '. dl iieI. ,~te Provedural blulnks '~'

and ca Ii braition ;st auulard I':( (represen t in g 10, 20,
-and :t0 mig. per' 100'.nl.)` were parocessed with
eachl group of. bloodi filalt rt ei aJiid tall sam11ples 0.550-
Wer~e ;elftd agaiinst the iriroteiitla blank; .D

Instability (of reacti~on mituztre "0.5-

The dulata preentctl' ini'figure 1 cleurly deni- I-
onst rate the iiecd(Ifor a ca~irefuil- and continuous 025
coiat rol'overo the ;reagent blank. A typical blantk 0.200
obtained with the '~eei es ytm(curve it) 0.150
hats an iniitiatl .markedintiicreas'eii anabsorption, 0.100
followed 'by a ~slight .,balt .progre~..iive, increu . e
throiughout' the ,reminiflider- ',of -the incublattion 000
periodi While'not showný in figure 1, this ratte 0 L L L L .0O5 1 15 20 2530, 35404-W5055 60nf - increas~e (approximnately 0 0.'01 0.1). units IUCU9ATIO* T1M[*Nw,T93um
catch 2 minuteli) wHS matintatined theougwhout at
seconcI.60-minute intervhi . il(iGURF,2

That this increase in absorbanice is DI'N. JNiI-ni.nI o zdlw.o.Luttdieeidet s llstatd b crv b fgue (uii'cN a throtigh -c t~S Iaetvl lactatir
depenent i illstrited .1j "crve b figue 1. CuIIceI'tIIfrt lI fil if 0.01l79, 0.0158.) 0.0587,? 0.071 .6 . and.

The omission od LD1 1 from.' the' reaction mix- O.nx.,s h~t. pvr Inili itcr of r'a--fct~ihi ituecor
ure, %ýith the &idditlon' of 'atn a ppropriatte sponding to bhwtd Ic'le,'li~ I'd 10, .10, 1, '-so flip.volume of witt~r, prdue adr" f vrsiilar lWactui (arid lied' 100 ik. .

to that of the'complete mixture. On'the other
*haind, omission of DPIN (curve C) cauu.ed the Calibration data
reaction mixture to ~have ei.'en -less absorption.-
than the refderfene (watter). 'Thusý, in order to The rates of DPN11 formation from stand-
have a-precise control over the side reaction ard lactaite solutions, by use of the present test
between DI'N and the buffer (hydratzine) ats system, are shown inl figure 2. As might be

*well as over the enzymatic reaction, DPN expected, DPNH formation was completb in a
should be the activatting component. shorter period 'of time at the lower lactate
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concentrations. Even at. the highest concen- A more alkaline buffer (pl1 10.0) caused
tration tested, however, the formation was an additional increase in background absorption
Complete withinl .5 minutes. Stability of net and resulted in at slight reduction of net O.D.
absorbance values wits maintained for the re- values,
nuainder of the incubation period. Front these
data, it is4 apparent that absorbaney read~ings Equimolar concentrationl of hydrazine and
could be miade as early ats :15 minutes without hydrazine sulfate gave approximately the same
at loss in sensitivity or. accuracy. baickground ab)sorptionl, but both were less than

that obtained with semicarbazide. Additional
It is also apparent fromt the data in figure 2 experimentation reveal ,edithat 0.4M hydrazine

that linearity exists throughout. the lactate wats an adequate trap for 1)yruivate formed in
range tested. As it coincidental finding, net the in .vitri oxidation~of lactate, aq well as for
optical density values oif 0.100, 0.200, 0.300, exces4sive itmotiant4.of, preforniedi pyruvitte-.
0.400, aund 0,500 vorreslsuuded to 10, 20, :10, 40,
and14 50 111g. I.-IMftute per 100 nil., rempert ively.. The use of a niorý dilute 1,1)11prepArati~on
The range of liketate conceentration' could be (4.18 nig. enzyme protein per milliliter). re-
extendedl beyonrd the 50 rug. ¶level, but at sulted in at narrowing of the tisefuul range of
slighut I' o llevisioii would result -owing to acecuracy; thait is', -the''i'ailibra'tuon cur .ve wits

th eror of reading high opi icad density values, no( longer liticar beyond .40 rg lcae
*F'or exaunplet with (itlie relattosi ll.4i Of an inl-

*crease of'O. 10 net 0.1). units for each 10 rug. ¼ The use of i'l more dilute D11N. solution
increment, and with i a reagent blank absorp~t ioU (20 ng/d)reduced the background absorp-
of 0.250, at sample containing 60 rug. ',; would t ion and providled it linear calibration* cuirv'e
halve atil uncorrected 0.1). of 0.850. through 50 aug. ,, which wats slightly lower

than the curve obtained with at 30 mg./mi.
Establishment of methodl solution. Ani examilnit iOn of the DI!NII f'ormzu-

tion rate, however, indicated instability
A num ber of exploratory expueriments were throughout the incubation period. The formia-

* carried out before the presentites4t system wits t ion prot-cciled similarly to that shown Ani
*established. Various conmbinat ions of molar figure 2, but after reaching the maximum value

strength of the buffer (0.2 to 0.5 At), p1) of within 20 to :15 minutes, at slight, but progyres-
the buffer (9.0 to 10.0), and the pyrtvati! traip sive, loss of net absorbaince resulted. This loss
(sendcarbazide, hydritzine, and hydrazine sul- was lurollort ional to the concentrationl of lactate,
fate) were tested. Aui attenigt wats madtte, aliso, thereby accounting for the linear calibration

* to use at smaller quantity of lJAMI and D1)N. curve. Use of the higher concentration of DPN
prevented the loss of net absorbance and ac-

Trhe use of at weaker buffer (0.2 M glycine, countedl for the slightly higher calibration
0.2 M hydrazine) caused at reduced rate of curve.
DPNII formation, which wats attributed to the
increase in acidity of the reaction mixtureý re- Calibration curves for standard lactate solu-
suiting from the addition of the acidified fil- tions; prepared in 101/% TCA and 617 PCA are
trate. The pIT of the weakly buffered reaction shown in figure 3. While the standards shown
mixture changed approximately 1.10 units, correspond to a blood lactate range of 10 to
wheream the pli of the reaction mixture con- 50 mg. %. the lactate concentration is ex-

* tinning at stronger buffer (0.5 M glycine, p~ressed as micromoles per milliliter of reaction
0.4 M hydrazine) fell only about 0.10 unit upon mixture since the proportion of acid :saniple is
the add~ition of the filtrate. Whereas the use different for the two types of filtrates. It is
of a stronger buffer favored DPNII formation, readily apparent that higher net 0.0. values
there was an increase in background absorption were obtained with PCA filtrates. This dif-
due to the greater quantity of the trapping ference in response was due solely to the great-
agent used. er dilution of the sample with TCA. When
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Ii pttih it Pi t i'.rt:I. t (01 p1 pP1,'P'1tt tit iPIII ( 11i , C'atibrittiot c rvtis for htc 'iical. (curve a) and tti•-

l.'I l, •tO 4), ppaid 5f) IInga./llvo I llp. dilifd Y 3:5i Fith In'; :u.mntic (curvt h) mvothd..
I'V.. (x x) itn 1:1 with d i i'. I''A (o -o).

expressedi as mnitronioles of lactate per milliliter " 4520-
of reaction mixture, the two types of filtrates 0
gave an identical calibration curve. 0.

z 35.0
D

Enzynmtic vs. chemical nnalyses 0 30.0

25.0
In conlltaring the performance characteris-

ties of the present enzymatic method with tile x 20.0

Barker and Summerson chemical method, con- 15.0
sideration wis first given to the calibration 1
curv'es obtitined by the two methods. Accord- i 10.0
inj to tyjicial calibratioln curves given in 5.0-
figure 4, the enzymatic method (curve b) 0 1 I

covers at wider range of blood lhetate. Linearity 0 5.0 10.0 15.0 20.0
ceases beyonld :10 mg. I,, with the .hemical LACTATE ADODEDIg %1

method (curve it), wheruits it extenids to
50 iug. I," with the enzymatic methhod. If, on FU IGURE 5

the other haind, the calibration curves had been ReIt'~oiry (,f hifetpt by oUwzmInfatic (curve it) and

expressed in terms of micrograms per milliliter pcin'icuf (curve h) m,,'t/Iis.
of test solution, rather than as milligrams
percent, it wvould have been seen that the
chemical method wais about nine times more The two methods not only agreed as to the
sensitive than the enzymatic method. For" ex- initial level of blood lactate, but they also
ample, an O.D. of 0.360 by the chemical method indicated an approximate 100,' recovery of
(20 mg. /.) would correspond to 0.65 jig. per added lactate in all cases.
milliliter of the concentrated 112S0 4 solution,
whereas an identical 0.1). by the enzymatic The results obtained from the comparative
method would require 5.57 pg. lactate per mil- analysis of 24 samples of normal dog blood by
liliter of reaction mixture (36 rmg. './). tile chemical and enzymatic methods are pre-

sented in table I. The mean value obtained by
The recovery of b-lactate added to whole thle chemical method was 2.4'A* higher than

blood, as measured by the chemical and en- that obtained by the enzymatic method. A
zymatic methods, is illustrated in figure 5. statistical analysis of these data, however,
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TABLE I failed to establish this difference as significant.
Chc•liv! vs. e;nzylmatic ,alysin of. The mean difference of 0.3 mg. 'V did not

blood filtrates differ significantly from zero (P > .05).

Blood lactate (ng. rk) Blood collection technics
"* " Blood .. .. .

sample Chemical F Cliilcul-enxyme While not directly related to the establish.
:dlfference, ment or assessment of the present method,

1 8.0 • .7.8 0.2 the results given in table II illustrate the im-
S2 .. 7.7 0.6 portance of blood collection technics. It is• 9.1 -3.3 readily apparent that meaningful lactate values
4 ý9,9 11.5. 0.4 can be obtained only if the blood is promptly

9r, 19.9 0 0.7 added to.the adid precipitant. The slight delay
6 10:. 9.8. 0.3 encounteredl in drawing the blood into a syringe,
7. -.1 .i .1 .". .1.1 • with transfers into a test tube and a pipet prior
1 1 0 .6 . . 1 00 w. .

"'9 10.6 10.: 0.3 to awidifivation, results in lactate values which
10 107 ' 10.1 I0.6 al sutllantially higher than the presumably
"11" Iis, i' 10 1A) "I rue" level. Inasmuch im collection methods
12 11.7' 11.0 03.7 1 and 2 gave comparable results, the latter

1 1'. 3 1.4 (.9 nmethod was considered the most appropriate
1.1 118.. 13.1 0.7. l
1" 16 r,, 6 14J. 1.5. sinve it required less time and effort ln(i woul
P,; 16.6 1.2. o.3 seem to have wider application.
17 16.9 ' 1.0 o.1
15 1. I) 14o. , 2.0 4. DISCUSSION
13 163 .1 17.0 1.0
2 1 17,.I 17.0; 0.5 In our attempt to replace the previously

22 17. 17.. )., enilployed Barker and Sunmmerson method with
".23 I;P. 20.1 0.6or, anI.fizyfl.atic method, we were unable to obtain

.I ... :3.26. . .o -1.2. the reCouired -prformance characteristics with

""iMuoi nn 1.0 " O:s existing methods. Our specific need was to
l_ llive it niethod precise enough to nmeasure small
clhanges in blood lactate concentration (e.g.,
bruini A-V. difference), yet practical enough to• TABLE II '. -eraift the analysis of a rather large number

I.lood .collfctih., technirs *.. . of samples on0 a routine basis.

.. d .. "' . ' ~odhtate' (ng'. %,') :"The one factor which has hindered a rapid
Blopd C -' I ..... . and pretise measurement is the instability of8an4plce >~leton Cleto Collc•t b

n iethod inethnd2 mthod ,2 th e reaction mixture. Unider the present test
coidiitioibn, a ditift of 0.001 O.D. units each

1 1 .4 14.6 267 2 . minutes, would cause an error of about
2 ii 8.12 1 29.8 - 0.5,ni ', over ia 10-minute period. While

4 1.. 16M 1 6 the; ue1d foi having a procedural blank with
1. i 168.8 " • - 'eaeh set or series of determinations -has been

- .•1bnltiA:ed by other investigators, a limit as
".."O.....9 ' " ; ... to •thersize of the set or series has not ap-
8 .189 189 pareiitlyý been established. For example, in-

". 109 ... 19.7 .. 1str.rtcios which 'accompany a commercially
1 .7. " 1. / availableassay- kit (6) call for the absorbancy

12 22.0' 1-23.3'.'ofl'a' series, of test sdimples to be read against
-- 4.o r - t ..-. b . 3--I----,'.---.. " "a reagetit blank, with the. time after DPN ad-'S .I• tv|[I[ 4.• to 2 .were'nlot rouiivtZ~l by mletho~ld 3 b~tvUsc,' by: ..

thii tin"-. it,,, wa co.n.ier" ,n fruitless atiroach. dition being exactly equal for test and blank
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samples. When consideration is given to the feasible. The use of a single reagent would
additional time required for the filling of eliminate a time-consuming and delicate
cuvettes, etc., the series of test samples must pipetting step (i.e., 0.03 ml. I,DH).
necessarily be small (duplicate analysis of 1 to
2 specimens). Consequently, the reading of For several reasons, the use of the

unknown and standard specimens against a 0.5 M glycine-0.4 M hydrazine buffer at a pH

"."true" prdcedural blank would require a number of 9.0, its recommended by the enzyme kit

"of reagent blanks, and would, therefore, be method, seemed superior to the more alkaline

more time-consuming and necessitate the use (pli 10.0) and weaker (0.2 M) buffer (glycine-

'.of. more glassware and expensive reagents. semicarbazide) recommended by Olson. From
ia prictical standpoint, the use of a stronger

The use of. a stable media, such as distilled buffer permits the direct use of acid filtrates.

-water, as the reference for all blank and test In sharp contrast, Olson recommends that the

absorbancy readings is not novel. lWhile -not filtrate be carefully adjusted to pH 10.0 prior

specifically indicated, Olson (7) itppacrently to being added to the buffer. Thus, the use

•utilized such awsystem. The present :method,' ofa stronger buffer eliminates a time-consum-

*.however, provides it suitable correction factor, ing procedural step. A pH 9.0 buffer was

""which does not necessitate'multiple absorbanc, y-. selected primarily because it gave less back-
grolunu~absorption than the pH 10.0 buffer.

readings of the same sample with the subse- r a tep 1
quent use of at formula for computingthe net LLikewise, hydrazine and semicarbazide seemed

absorbance. f equally effective as the pyruvate-trapping
a agent, but the hydrazine was found to produce
less, background absorption.

A seemingly more important difference be-
tween the present method and that of. Olson .'The enzyme protein concentration recom-
is that the latter method utilizes the addition mended by Olson was found necessary with the
of LDII, rather than DPN, as the activator . Pres~ut test system. This factor, however,
for the test system. While the addition of depends, on the purity and activity of the
either component would serve to activate the preparation and should, thus, be experimentally
system, there is good reason to believe thatsa .established for each preparation. For example,
better control over the drift factor would.ý.be thc. enzyne suspension furnished with the
obtained by using DPN as the final additive. Boehringer test kit differed greatly from the
The present results clearly demonstrate .that tpreparation obtained from another commercialSthe addition of LDII caused neither an ira- eaa inotie fo ntercmeca
" e asource. Based on the concentration of enzymemediate increase in absurbancy of the buffer pi-ot~in per milliliter, the kit preparation is

Snor a progressive increase over the following a more dense suspension and apparently has
60-minute incubation period. On the other .an activity about five times that of the other

* hand, the addition of DPN to the buffer commercially obtained preparation. According-
produced an initial and final absorbance similar -I I' the kit method requires only about 0.026 mg.
to that found for the complete reaction mixture, protein per milliliter of reaction mix-
Thus, the use of Olson's method would seem to, tare, whereas the present method requires

require a careful control of time over two - 0.12 mg. per milliliter of reaction mixture.
.1: experimental periods-that is, the period be-*

tween DPN and LDH additions, as well as The present test system utilizes more DPN
the 60. or 120-minute interval following .the per milliliter of reaction mixture than other
addition of LDH. enzymatic methods. A lesser amount could

be used with only a slight loss in sensitivity
The addition of LDH prior to DPN seems and without an apparent loss in accuracy. How-

desirable for still another reason. Since the ever, failure to obtain a stabilized DPNH con-
addition of LDH to the buffer resulted in a centration at the end of the incubation interval

completely stable mixture, consolidation of "could lead to erroneous results. In this con-
these two reagents into a single solution is nection, Olson reported that maximum DPNH
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formation occurred after I hour ait 400 C. and and the use of memimicro pipets and euvettes,
sifter 2 hours ait 25" C. Ani examination of thle analys4es may be earried out lin a shorter periodl
dilta u1ponl Which these conclusions were dIrawn, of timne and Witt]i greater case. This gain in
hlowever, indicates that stability wats not apl- simplicity is accomplished without at loss in
l'urent sit either temperature. Not nbstorpt ion p~recision. Further, the rather simple means
wa.- continuing to increas4e after 2 hours at employed for the dIrift correction wouldl seem
tile lower tenilierat tire a(nd appleared to be (I- to pirovide at more realistic correction than that
CreasiMng after 1 hour at the higher tempera- obtained by making miultiple absorbancy read-
lur-e. According to our observal ions, it greater ingrs of till blank and( test samples4 or by using
qutantity of lDl'N seems indicated for Olson's several reagent blanks. Also worthy of special
iuiit hod, note is the early pla11teaul of net ab.4orption

Thepreen stdyal~) -Stbl~he .4 tIl U.0- values ac-hieved with thle present method. Olson

fuilness of TCA fill ratevs. This factor st'eniel reoredtht in incubation period oif 2 hours
Worthy of in veAt iguttionl Asinc Ot her til Ntilt at 25" C. Wits reirelfrterrieeoia

emyniatir~~~~ ~ ~ ~ lutt ito. npo trhoi ion (of 0.2 1,1M. ort less of .luaclate. Since the

ivrid filltrates. The closely allied (lye methiod of 0 .I,', lactto 0.21dar M.otheri reportted

lFrit-dland and1( Diet rich (8) , however, utilizes wudcrepn o02 .f ftei-itt

TC(A. Ourit interest in the preferential us!o in thle react ion mixture, andl since the oxidation

TAwats stinmulated lby two factors. Fii~sl ,til wats complete within :35 minutes, it is apparent

vivid and chant y of I'( A filltrales left niuvith that t ho luvSent test Sytenil achielves compe111te

to be desired. Second, since ot her variabiilels oxidlat ion in less than one-t hird the time re-
ill oil). stv1 halt cry Were beinig analyzed front ire I y )'ol's stmet hod.1
T( A filtl rat eS, tilie p~repalrationl and 11se Of at
shigle filtrate- for all] amllLySes WAS desirable. Retec(ver3' (data ind~ica~tet hat the dlescribed

lest system is at sensitive and reproducible
In terms of pierformannce characteristics., mnet hod. Furlther, the complarat ive analysis

the piresenlt iiielhod seemis to1 offerl geVeral ()f several bloodI filltrates by at well-known
advan~itages over (ither enzymat ic methouds. chemicial mnethod vers4us the enzymatic method
WithI the eliminat ion of vertain proceclurul s4teps establishes thle accuracy of thle latter.
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