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INTRODUCTION

Calcium ion concentration in biological fluids may be
determined spectrophotometrically with the calcium-murexide
color reaction. Preliminary investigation indicated that so-
dium ion concentration in some way affected this cclor reac-
tion, and therefore varying concentrations of sodium ilon in
biological fluids could alter the results. A second substance
likely to interfere with the determination is protein; hence,
plasma calcium ion concentration is usually determined after
the plasma proteins (with the protein-bound calcium) are re-
moved. Direct determination wi?hout prior removal of the
proteins would greatly simplify the procedure but would be
contraindicated if a protein effect existed. This study was
made in an attempt to verify the existence of sodium and pro-
teln effects and evaluate the extent to which'they affect the
calcilum-~murexide reaction.

Calcium of the plasma may be divided into nondiffusibie
{protein-bound) and diffusible (nonprotein-bound) fractions,
with the calcium in the latter fraction existing both as free
lons and in diffusible complexes with groups such as phosphate,
citrate and other organic acid anions. The ionized calecium
is in dynamic equilibrium with the protein-bound form in‘a
relation which may be shown by the usual mass law eguation,

tgi?fgﬁiiiiﬁi) = Ky, with the charges omitted for convenience.




Wheﬁ written in this fornm, Kf is the formation constant of
the calcium proteinate complex. The degree of association of
calcium with protein depends on the pH, temperature and ionic
strength. Were the above equation inverted, the new constant
would be Kd, the dissociation constant of the complex.

Of the forms of calcium present in plasma, the ionic
fraction is considered to be physiologically active and 1%
is therefore of prime interest. 1Its level is regulated both
~directly and indirectly by parathyroid hormone, with secretion
of the parathyroid hormone being regulated in turn by a feed-
back mechanism involving the level of ionic calecium in the
blood supply to the parathyroid glands.

Until about a decade ago, there was no strictly chemical
method for measuring ionic calcium and its concentration was
usually estimated by one of two methods. The first was 2 de-
termination of the Giffusible or ultrafiltrable calcium as
an approximation of the lonic calecium, the assunption being
that the diffusible complexes make up only an insignificantly
small and relatively constant part. The second method was 2
bloassay technigue which involved measuring the amplitude of
ventricular contraction of a frog heart as a function of the
calcium ion concentration in the bathing solution. This lat-
ter method was developed by McLean and Hastings(l) in 1934
and was the basis of their subsequent nomogram(2) for estima-
Ting the ionic calcium concentration in human serum from the
total calcium and protein concentrations.

Quantitative chemical determination of calcium ion con-

~centration was made Possible when Schwarzenbach and Gysling(3)



in 1949 reported the resulis of a thorough study of formation
~of murexide complexes by calcium and a2 number of other cations.
Purple free murexide (Fig. 1) combines with calcium in a 1:1
ratio to form an orange-colored complex. Since these two

forms have absorption maxima of 530 and 480 mu Yespeetively,
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Pig. 1. Murexide

This indicator lends itself nicely to the spectrophotometric
determination of ionic calcium. The pH and ionic strength
affect the degree of dissociation both of murexide and the
calcium murexide complex, and therefore must be held constant
during the determination.

The ionic calcium concentration is usually determined
after removal of the protein either by ultrafiltration through
a collodion or cellophane membrane or bykultracentrifugation.
Rose(4) prepared plasma ultrafiltrates using a collodion mem-
brané and 650 mm Hg pressure and then measured the ionic cal-
cium with murexide., He measured total ultrafiltrable calciunm
by the method of Kenny and Toverud(5) and total plasma calcium
by the method of Kramer and Tisdall(6). A constant GO, ten-

sion was maintained throughout the ultrafiltration process by

bathing the system in 5% COp in O, and by bubbling the same

£



gas mixture through the ultrafiltrate. Initially this gas
mixture was used for all samples and the determinations were
made at room temperature. In subsequent work(7), the temper-
ature was held at 37°C and the carbon dioxide tension was held
at the alveolar carbon dioxide tension of the subject, as de-
termined at the time of sampling. From Rose's data ((4) Table
3, p. 238}, one may calculate the mean ionic calcium and mean
ultrafiltrable calcium. These calculations yileld values of
5.88 mgp (1.47 mM or 2.94 meq/L) for the mean plasma ionic
calcium cdncentration and 6.19 mg% (1.55 mM or 3.10 meq/L)
for the mean total ultrafiltrable calcium concentration. The
concentration may also be expressed in terms of percentage of
total plasma calecium. Caleculation jields values of 56.4+2.3%
and 59.4%2.4% for the mean  standard deviation of ionic and
total ultrafiltrable calcium concentrations respectively.

Toribvara et al.(8) designed a special tube for ultrafil-
%ration, with the plasma sample contained in a sock of cello-
rhane dialysis tubing which rested on a sintered glass disc.
The entire system was flushed with 5% 00z in O, after the di-
alysis bag was in place and the tube was then stoppered and
centrifuged, The ultrafiltraﬁe which collected below the sup-
porting disc was subsequently removed throﬁgh a side opening.
These authors found a mean ultrafiltrable caleium of 65.9% of
the total serum calcium when the uitrafiliration was éarried
out at 36°C,

To attain greater cenitrifugal force and hence faster
filtration, Prasad and Flink(9) suspended a gauze bag in a

15 ml centrifuge tube and placed the dialysis bag in this.
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They determined both total ultrafiltrable and total serum
calcium by the method of Clark amd Collip(10). Except for
flushing the tube with 5% G0z in O before ultrafiltration,
the only precaution they recommended was the anaerobic hand=-
ling of the serum samples, claiming that bubbling CO0,=~0, mix-
tures through the samples caused an increase in the measured
ultrafiltrable calcium which they termed an artifact of C0s.
The mean diffusible calcium reported by these authors was 1.31
M or 53.3% of the Eotal serum calcium, with respective stand-
ard deviations of #0,054 mM and %2.48%. This mean is signif-
icantly lower (p<.01l) than that calculated from the data of
Rose, 1.55 mM and 59.4%.

Loken et al,(1ll) measured "free" caleium ("free" desig-
nating calcium not'bound by protein) with a flame photometer
following ultracentrifugation of serum samples., Their mean
value for free calcium was 53.1% of the total serum calcium
with a standard deviation of 2.6%, which is in agreement with
the findings of Prasad and Flink(9). With regard to carbon
dioxide content, they concluded that their experiments "clearly
show that the alteration in percentage of free calcium is re-
lated to changes in ionic concentration rather than to a spe-
cific effect of bicarbonate ion"({1l) p. 3658).

Kara, Samachson and Spencer(l2) added Ca%*® %0 serum sam-
ples, ultrafiltered, and then determined the ratio of radioac-
tive calcium in the ultrafiltrate to that in the serum, They
found 2 normal mean ultrafiltrable calcium of 55.14% with a

standard deviation of #1.55%. Serum pH was measured but was
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not iancluded in the report. However, Dr. Spencer stated (per-
sonal communication) that the mean serum pH was 7.4 and added
that "Determinations of pH were also made on some, but not all
ultrafiltrates, and we have noted that there was a slight ten-
dency of increase of pH with ultrafiltration."

Ettorl and Scoggan wrote three papers on the spectropho-
tometry of metal indicators at two wavelengths. In their
first paper{(l3), they reported their calculated values for
- the absorptivities of free murexide and the calcium complex
at both 480 and 520 mu and the value for the formation con-
stant of calcium murexide. In determining these values, they
used a calcium-free solution and solutions containing calcium
ion concentrations rénging from 9.4 x10"% to 9.4 x107% M, They
assumed that the murexide in the most concentrated solution
was completely bound by calcium. However, using their value
for the formation constant, one may calculate that at this
concentration of calcium the murexide is only about 96% bound.
applying this correction to the raw data, one finds a value
for the formation ceastant that is about 20% lower than that
reported 1n the paper. Furthermore, the ionic strength of
this concentrated solution is far in excess of the 0.150 re-
ported.,

In their second paper{(l4) they reported that =ddition of
vovine serum albumin to buffered murexide solutions caused no
chenge in the absorption curve for murexide in the range used
apd concluded that ionic calecium concentration may be determined

in the presence of albumin,
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In their third paper(l5), they proposed = method for the

irect measurement of lonic calcium in plasma without prior
removal of protein, citing the results of their earlier ex-
periments as justification for the omission of this step. This
seems to be insufficient justification, especially in view of
the technical errors noted above and of the extreme paucity

in thelr reports of substantiating experimental data. Further-
more, Raaflaub, in his methodology review(1l6), étates in his
discussion that murexide is adsorbed on the surface of the
protein molecules, causing a shift of the murexide absorpiion
curve to longer wavelengths and thus making removal of the
proteins necessary. Unfortunately, he too failed to give sup~
pofting data,

The gquestion of protein removal by ultrafiitration or
dialysis deserves further comment. First, even with perfect
technlcal performance, physicochemical factors exert forces
which regquire estimation and necessitate introduction of cor-
rection factors in subsequent analysis. Among the most impor-
vant of these is the Donnan effect, i.e.,‘the influence of
proteins on the distribution of ions on either side of the
semipermeable membrane. Donnan factors are falrly weli de-
fined for dialysis but the unqualified application of these
factors to ultrafiltration has been questioned{ll). Secondly,
as ultrafiltration proceeds the protein concenﬁration of the
residual solution rises, owing to loss of fluid through the
membrane. One would expect the calcium-protein equilibrium
to be upset as a result. Modifying influences must exist,

however, since the calcium ion concentration was found(4,8)
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to be the same in a2ll fractions of ultrafiltrate ccllected
throughout the procedure. Thirdly, since the calclum-protein
equilibrium association depends on the temperature, the ultra-
filtration or dialysis nust be carried out at 37°C in studies
simulating physiological conditions, With a2 minimum ultrafil-
tration time of about two hours, the possibility of a signif-
icant denaturation and breakdown of protein must be considered.
The extent and effect of this breakdown would be hard to as-
sess with accuracy. Finally, both procedures are lengthy,

not only in terms of total elapsed fime but in terms of actual
handling time as well.

Elimination of the regquirement of protein removal would
be welcome indeed. On the other hand, the {echnique proposed
by Ettori and Scoggan(l5) for direct determination of calcium
ion concenvration without prior removal of protein should be
adopted only if its limitations are défined, a point that
seems arguable in this case. It was these considerations,
then, that prompted the present investigation of the effect
of protein on the caléium-murexide color reaction.

A second possible effect on the color reaction, that of
sodium concentration, was included in the present study. A
biologlical fluid such as plasma contains a relatively high
concentration of sodium and this concentration is subject to>
normal fluctuations. In working with bioclogical fluids, then,
any interference by .sodium with the calcium-murexide binding
should be taken into account. The results of an earlier ex-
periment in our laboratory, studying the effects of concentra-

tion of buffer ligands (binding groups) on the color reaction,
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suggested that some sodium effect did indeed exist. In that
earlier experiment the concentration of buffer, containing
sodium as the principal cation, was reduced by dilution with
either 150 mM NaCl or 150 mM XC1l, the ionic strength thus be-
ing held constant. Murexide was added %to measured samples of
each dllution and the spectrophotometric absorbance was then
measured. It was found that when the buffer was diluted with
£LCl, the absorbance decreased to the same extent as when the
buffer was diluted with distilled water. The absorbance did
not change, however, when the buffer was diluted with NaCl.
These results suggested that the absorbance of the buffered,
calcium~-free murexide solutions was due entirely to the pres-
ence of sodium ions, most vrobably as 2 result of sodium-mu-

rexide interaction or complex formation.
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Materials

411 solutions were prepared from reagent grade chemicals
as described bélow, using distilled water which had been passed
through a mixed-bed deionizer. All glassware used in the in-
vestigation was clea§ed in cnromic acld cleaning solution and
thoroughly rinsed with distilled water and then with distilled,
deionized water.

4 2 mM solution of murexide® was prepared by dissolving
50.2 mg of the indicator in water and diluting to 50 ml. This
solution is unstable and nmust be refrigerated during storage
and kept in an ice bath during use. Zven at refrigerator tenm-
peratures it breaks down slowly and must be made up each week.

Calcium chloride standard solution was prepared by dis-
solving 5.005 g CaCOz in HCL, evaporating to dryness to remove
the excess HCL, dissolving the calcium chloride in water and
diluting to ome liter. The final concentration was 50 mi.

The stock protein solution employed was Chemvarion E-27,
& commercial preparation of pooled human serum from which the
inorganic ions had been removed. The protein concentration

in this solution as it is supplied is about 6%.

* Murexide (C.I, 56085), J. T. Baker Chemical Co., Phillips-
burg, N. J. "

# Kindly supplied by Clinton Laboratories, Los Angeles, Calif.
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The stock solution of sodium varbital buffer was prepared
by dissolving 14.714 g sodium barbital, 9.714 g sodium acetate
trihydrate (CHgCOONa+3Hp0), and 13;896 g sodium chloride in
water and diluting to 500 ml.

The stock solution of potassium barbital dbuffer was pre-
pared by dissolving 13.147 g barbital, 7.005 g potassium ace-
tate, and 17.726 g potassium chloride in water to which had
been added 71.38 ml 1 N KOH, and then diluting to 500 ml with
water.

Four working buffer solutions with pH 7.35 and ionic
strength 0.152 were prepared by addition of HCLl and either
water or stock protein solution., Two protein-free soluticns
were prepared by add&ng 2,6 ml of 2 ¥ HCL to 50 ml stock buf-
fer and diluting to 250 wl with water, using stock potassium
buffer for the first (Soln. A, containing neither sodium nor
protein) and stock sodium buffer for the second (Soln. B,
contalning sodium but not protein). The proteinfcontaining

solutions were made up just before use in quantities suffi-

cient for only that run. These solutions consisted of 10 ml

Table 1. Ionic Concentrations in
Working Barbital Buffer Solutions

i substance Conc., mM
Sodium ion, Na*, or potassium ion, K* 25252
Chloride ion, 017 | | 115.9
Acetate and barbital anions, AcO~ + Barb~ 36.3

Undissociated acid, AcOH + BarbH 20.8
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stock buffer and 0.52 ml 2 N HC1 diluted to 50 ml with stock
protein solution, using stock potassium buffer for ¢ (Soln.
C, containing protein but not sodium) and stock sodium buffer
for the other (Soln. D, containing both sodium and protein).
The pH of each working solution was checked with a Beckman
Zeromatic pH meter and adjusted to 7.35 when necessary by ad-
dition of 0.1 N HC1., The ionic strength of each solution,
disregarding protein effects, was 0.152, with the ionic con-
centrations as shown in Table 1. The sodium and potassium
solutions were identical in every respect except that potas-
slum ion was substituted for sodium ion in the latter solu-

ions.

Method

The procedure for studying the effects discussed earlier
involved measuring the absorbaunces of murexide solutions con=-
taining the combinations of calcium, sodium a2nd protein that
are shown in Table 2, Thus, each solution had a calcium con-
centration of O, 1, 2 or 4 nM, a sodium ion concentration of
0, 70 or 140 mM, and a protein fractional strength of 0,
or 1. The designation of fractional strength of protein was
used because the exact percentage concentrationAwas not known,
being determined in a later stage of the investigation.

The four working solutions, prepared as described ear-
lier, were dispensed from separate 5 ml burets into tubes to
give four 4.6 ml samples of each of the nine combinations of
sodium and protein (Table 2). All tubes were placed in an

ice bath immediately after dispensing. 7To each tube was added
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X ml 50 m¥ CaClg and (0.4 - x) ml 150 mM KCl, where x is O,
O:1, 0.2 or Q.4 FromrTable 2, one may ascertain how each
sample was prepared, The dilution of the buffers with calcium
and potassium chloride solutions caused a reduction of sodium
ion concentration from 152 to 140 mM. It should be noted that
the only function of_ the potassium ion, subsitituted for both
sodium and calcium ions, was maintenance of ionic strength.

Three tubes at a time were then transferred from the ice
bath %o a 39°C water bath, allowed to eguilibrate, and 3 ml
of each sample was pipetited into a separate 1 cm sguare cu-
vette. The absorbance of each was read against a water blank
in a Beckman Model DU spectrophotometer at 470 mu, after which
the cuvette holder with the samples was returned to the water
bath. Following addition of 0.1 ml murexide solution to each
sample, the absorbance was read again., Waile the absorbances
were being read a new series 6f three tubes was put into the
bath to.warm. These steps were repeated until the absorbances
of 211 26 tubes (Table 2) had been measured. The elevated
temperature of the water bath was maintained to correct for
the slight cocling of the samples which occurred during meas-
urement of the absorbances. The jemperature at the time of
measurement was 37°C.

The procedure described was replicated four itimes. To
remove possible bias owing to murexide or protein degradation,
the order in which the absorbances of the combinations of con=-
stituents were measured was randomized for each revlication,

The total protein concentfation was determined by the

biuret method (17) in six samples of fractlonal strength 1 from
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each replicate, usiag the 2 ml remaining in each tube after
withdrawal of the 3 ml sample for absorbance measurements.
Paper electirophoresis of the stock protein solution revealed

normal percentages of the various protein fractions.

Resultis
Since the initial absorbance reading in each case repre-
sented the reagent blank, the true absorbance of murexide and
its calcium complex is expressed by the difference between the
final and initial absorbance readings. These corrected absorb-
ances were calculated for each tube and are given in 4Lpp. 2.
The formula of Raaflaub(l8) relating absorbance to cal-
cium ion concentration is given in Egq. 5, App. 3. A slightly
more convenient function is A/iy - 1, where A is the absorb=-
ance of the sample and 4y is the absorbance of Tube 1. The
calculated functions are shown in Appendix 3.
In the statistical analysis the hypotheses tested, stated
in null form, were:
1. There is no significant differénce among the
ratlos of absorbances of solutions which vary
only in protein concentration.
2. There 1s no significant difference among the
ratios of absorbances of solutions which very
only in sodium ion concentration.
analysis of variance applied to the‘data also tested the sig-
nificance of calcium concentration, of the various interactions,
and of the reproducibility. The results of this analysis of
variance are given in Table 3. Thus it can be geen that sig-

nificant differences were found for calcium and sodium, for
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Table 3. Results of Analysis of Variance

1 Values of P less than 1.0 are not significant.

Source af BB g m,S. 3 -
Calcium (Ca) 3 T.0337 2,3446 48 .001
Protein (Pr) 2 0.1915 0.09575 2.0 >.10
Sodium (Na) 2 0.1008 0.0504 132 Nelontk
CaxPr 6 0.2860 0.0477 106 .001
Ca x Na 6 0.0027 0.00045 2
Pr x Na 4 OLealLs 0.0003%8 <1
Ca xPrxNa 12 0.0042 0.00035 <]
Replicates 3 0.0234 0.0078 2.3 .001
Within repl. 105 0.0482 0.00046
Totzal 143 7.6920
1 Values of 0.05 or less are significant.

Table 4. Results of Regression Analysis
Calcium ion level, mM o) 1 2 4
Mean sodium level, X 70 70 70 70
Mean sum of absorbance -
Variance about re- -

zression, Sy.xg ¢.0007 0.0018 0.0042 0.0057
Regression coeffi- ;

cient, b 0.001%4 0.00148 0,00148 0.00105
Test for linearity

1 0.B1 ©.58 0.00 0.14
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the first order interaction between calecium and protein, and
for the replicate means. These results will be discussed in
the following section.

Regression analysis was applied to the data to determine
the nature of the sodium effect. Absorbance ratio functions
for the three levels of protein at each level of sodium were
summed and y values were determined, y being the mean for the
four replicates of the sum of the functions. The value for
the regression coefficient, b, in the regression esquation,

vy' =¥ + blx - X), was calculated for each level of calcium.
In the equétion, y' is the estimated value of y for a given
value of x, ¥ is the mean of y for the three levels of sodium,
X 1s the sodium ion concentration, and X is the mean sodium
ion concentration. The values for b are given in Table 4 with
the other pertinent data. The regression curve for each level
of calcium was tested for linearity, with no significant devi-
atlon from linearity found.

Application of Duncan's Multiple Range test to the data
for replications showed that the means for the first, second
and fourth replicates did not differ significantly from each
other but all of these differed from the mean for the third.

The data for biuret‘determination of profein concentration
were tested for differences in mean protein concentration among
the four replicates. Since analysis of variance showed no
significant difference among the means, the data for the four
replications were pooled. Calculation of the mean protein
concentration from the pooled datz gave values of 4.3%35% and

0.028% for the mean and standard deviation respectively.
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DISCUSSION

Iwo comments regarding the technique are in order. First,
the choice of 470 instead of 480 mu (the absorption maximum
for calcium murexide) for the measurements gives a greater ra-
tio of absorbances, allowing more precise measurement of the
calcium concentration. Secondly, since Raaflaub's formulz
(sg. 5, App. 3) eliminates the necessity of lkmowing the total
ﬁurexide concentration, a fresh solution need not be prenared
every day. Weekly preparation of a fresh solution is deemed
sufficient. The formulation has the additional advantage that
the ratio of sample volume to murexide volume may be changed
at will so long as both standards and unknowns are brought to
the same final volunme, |

When protein is added to a calcium-containing solution,
it mpay bind varying amounts of calcium to 2 maximum of about
50/ of the caleium in the solution. 4s a result of this phe-
nomenon the calcium ion concentration per se in most of the
tubes was not known. However, since the experiment sought to
measure only the change in apparent concentration rather than
the absolute calcium lon concentration, relative information
was deemed sufficient. The use of relative measuremsnts zlso
made 1t unnecessary to calculate the reciprocals of the absorb-
ance ratio functions.

The question of the interference of the calclum-protein

interacition with measurement of protein effect on the color
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recaction may be mentioned. The interaction variance is made
up of a component from the second order interaction, a'compo-
nent from the Ca x Pr interaction alone, and an error component.
The protein effect has in addition to these three components

& component from the Na xPr interaction z2nd a component from
protein alone. Because the Ca X Pr mean square (m.s.) differed
very significantly from the error L.8., the CaxPr m,s. was
used to test the protein effect (and the calecium effect).
since the Na xPr interaction had already been shown to be in-
significant (F<1l), all that remained to be tested was the com-
ponent owing fo protein alone.

The experimental results, confirming previous reports,
indicate that: 1) A significant effect of calcium shows that
There actually is a calcium-murexide color reaction, and 2) a
significant calcium-protein interaction verifies that protein
binds calcium,

The finding of a significant difference among replicate
means polints out the difficulty of the test procedure., Since
the difference was in the third replicate, it seemed obvious
that the source of error might well be the absorbance, Ay, of
Tube 1, since 4, is used for calculating the absorbance ratio
Tunctions of all the 35 other tubes. Inspection of the data
showed that had the absorbance of Tube 1 been 0.410 instead
of the recorded 0.412 the significant difference would not
nave occurred, Had the experiment been conducted on repeated
observations instead of replications, this source of error
would have Deen included in the‘experimental error, thus mak-

ing the experiment less sensitive. In the present study the
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effect of replications is taken out. The significant repli-
cate mean sguare does not influence the experimental error.

The existence of a sodium effect was one of the principal
hypotheses tested. The finding of a linear regression for
sodiun at all levels of calcium concentration suggests that
its action 1ls not a binding of murexide represented by the

reaction, m Na¥ + Mu™ = NapMu™®, with its associated equi-

- ; i (TapMu™=H)
librium equation, K = Tﬁg%TmTﬁﬁwnT’ since this reaction would

result in & nonlinear plot. While the precise reaction re-
mains undefined, relevant counclusions can be drawn from the

results. Insertion into the regression equation,
y' = § + 0.00148(x - 70),

of §=1.0962 (The value of ¥ for a calcium level of 1 mM) and
X values of 120, 140 and 180 gives values of 0.3901, 0.3999
and 0.4098 for y'/3, the estimated ratioc of absorbances. The
change of ratio produced by a 20 mM change in sodium ion con-
centration 1s equivalent to that produced by changing the
calcium ion concentration by about 0.04 mM. Thus the usual
variation of plasma sodium conceniration will cause only a
negligible change in the apparent calciﬁm ion concentration.
However, the effect is of sufficlent magnitude that some defined
‘level of sodium ion approximating that of the plasma should
be included in the buffer used in thé test procedure.

Walser in 1961(18) reported finding no change in absorb-
ance when elther potassium or ammonium salts were substituted

for sodium salts in barbital buffer, However, he reported
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more recently (in press, 1964) that a sodium-murexide inter-
action does exist.
The second hypothesis tested was the effect of changing

protein concentration. The experimental results allow one to

[

conclude only that no significant effect has been demonstirated.
Hore extensive testing may prove conclusively that the effect
e¢lther does or does not exist. An experiment to test this
will be undertaken in the near future.

Since proteins are relatively insoluble in water, the
protein concentration in the stock solution was slightly lower
than that in normal human plasma. This concentration was re-
duced still further by the addition of ﬁhe buffer concentrate,
HCL, and the calcium and potassium chloride solutions. As a

result the final protein concentration was at most only about

60-80% of the protein concentration of human plasna,

Sunmary

The effects of sodium and protein on the calcium-murexide
reaction were studied by measuring the absorbance of murexide
solutions with sodium levels of O, 70 and 140 m¥, calcium
levels of 0, 1, 2 and 4 uM, and protein levels of 0, 2.18 and
4.35/%. TPFour replications were made, with the order of meas-
urement randomized for each replication. In =2ddition to the
effect of calcium concentration =and the calcium-protein inter-
action, significant differences were found among the means
for replications (p<.001) and sodium concentration (p<.001).
The regression of~ébsorbance ocn sodium ion concentration did
not deviate significantly from linearity. A significant pro-

teln effect was not demonstrated.
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APPENDIX 1

GLOSSARY OF TIRMS
lonic Strength
The lonic strength, s 0f a2 solution is defined as one-
nalf the sum of the products of the molality and the square

of the charge, summed over 2ll ionic gpeoies; il.e.,
)’1 = %Z;nizisa

wWhere mi is the wmolal concentration of the ith ionic species
and z4 1s its valence or charge. In dilute solutions, the

molarity, c, may be substituted for the molality.

Spectrophotometric Terms

- The Beer~Lambert Law states that when a solution contains
& solute which ‘absorbs energy from power radiated through the
solution, the ratio of the emerging power, P, to the incident
power, Py, is P/P, = e'kICl, where k' is a constant for a
glven solute, ¢ is the concentration of the solute, and 1 is
the length of the path through the absorbing solution. If a
reference solution is used which is identical in constitution
to the unknown soluticn except that it contains none of the
solute in question, and if the concentration and length of
patn are given in moles per liter ana centimeters respectively,
then i will be the molar absorptivity and the absorbance, £,

will be glven by the equation, 4 = log(P,/P) = kel.
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If one 1is familiar with the older terminology, it can be
seen from the above discussion and equations that the absorb-
ance is the same as the extinction, the absorptivity is the
same as the extinction coesfficient, and the power is the same

as the intensity.
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DERIVATION OF A FORMULA FOR DETERMINATION
OF CALCIUM ION CCLCENTRATION

for the equilibrium, Ca + Mu = CaMu, the law of mass ac-
tion states thal the formation constant,

( ua ) (1‘715.‘)-
where Ca represents calcium ion, Mu is free murexide, CalMu is
the complex, and brackets denote concentration. In a solution

containing calcium and murexide, the total murexide concentra

tion is shown by (Mu)t = (Mu) + (CaMu). Rearranging %q. 1
end substituting for (Mu) by (Mu) = (Mu)¢ - (CaMu) gives:
KkCa)Emu (CaMu}::(CaMu), waich may be rearranged to give:
=
v X{Ca) (Mu)g
(Gaw) = T ¢Toay - el

In the solution the absorbance,
4 = ap(Mu) + = (CaMu)
= 2 [((u)y - (Cau) + a, (Caiu) (3)

where ap is the absorpiivity of the free murexide and a, is
the absorptivity of the complex.
Combination of Egs. 2 and 3 gives:

<

K(ca)(Mu)s]  .K(Ca)(Mu)s
L& Be [(M“)t‘ T+X(0a) 4% %1 13 %(Ca)
. 3 X(0a |
or: K x5 (Mu)tigo + (ay = ap) = +Ww%a) } . (&)



s

since the murexide concentration gradually declines owing to
degradaticn, it 1s advantageous to ramove it from the equation.

since in a calclum-free solution, the absorbance, Ao-(Mu)ﬁa

(u) . may be removed from Eq. 4 by dividing Eq. 4 by the above,

= 1 + S B £(Cz) (5)

yielding: . 5o 1 ¥ K(GCay °*

teof

I3

If we now represent the constant, (a; - ag)/ae, by ¢, rear-

range and take the reciprocal of both sides of the equation,

: - + K(Ca 1 ]
we obtain: (4/he =1)"% = lai Céc = 3 "TEaT * (6)

i 1 s, - b P * 7 wl
Plotting the left side of Eq. 6 on the ordinate and (Ca)

5 - - . . - = ufy -1 3 3 !
the abscissa gives a linear plot with slope (dK) and Y-inter-
cept 1/¢. Thus, Eq. 6 also serves as a simple graphical method

for the determination of the formation constant.
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