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with plasma. In  the absence of added cal- 
cium no precipitate formed and no changes in 
ultracentrifugal properties of P-lipoproteins 
occurred. Rice starch sulfate precipitates hu- 
man P-lipoproteins in absence of added cal- 
cium, but for maximal precipitation of several 
animal ,8-lipoproteins calcium was required. 

Quantitative evaluation of analytical ultra- 
centrifuge patterns is fraught with difficulties 
which combine to cause a sizable error in de- 
terminations, particularly when lipoprotein 
ccncentrations are either very low or very 
high. Thus, the difference from quantitative 
precipitation values for human sera seen in 
Table I are well within the experimental error 
of the method. 

Summary. Ultracentrifuge analysis con- 
firms that polyanion-complex precipitation 
method for human serum j3-lipoproteins is 
adequate and does not denature the lipopro- 
teins when either rice starch sulfate or mepe- 
sulfate are used as precipitating agent. The 

method is applicable to isolation of ,f3-lipopro- 
teins from several but not all species of ani- 
mals. 
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Determination of Ceruloplasmin Oxidase in Serum. (25928) 

RICHARD J. HENRY, NEIL CHIAMORI, S. L. JACOBS AND MILTON SEGALOVE 
Bio-Science Research F I T . ,  Los Angeles 2.5, Calif. 

Ceruloplasmin is a copper oxidase which 
can be determined photometrically by rate of 
oxidation of p-phenylenediamine( 1.2.3,4). 
Oxidation of p-phenylenediamine ( PPD ) by 
serum is catalyzed by serum ceruloplasmin 
and by copper and iron present in serum as 
well as in water and reagents used in the test. 
To determine oxidation due to1 ceruloplasmin 
alone, it is necessary either to correct for or in- 
hibit catalytic oxidation due to metals. Both 
approaches have been used. In the method 
of Ravin(3) a serum blank is determined in 
which ceruloplasmin is inhibited by azide. In 
methods of Humoller et  aZ.(2) and Broman 
(4) catalytic oxidation by metals is inhibited 
by complexing them with ethylenediamine- 
tetraacetate (EDTA).  This paper presents 
( a  ) a modification of Kavin’s niethod which 
Iwints out an error in original tuethorl, (11) a 
study of various factors which must be con- 

trolled in the procedure, (c) normal values 
obtained with this procedure and (d) results 
of study of validity of methods employing 
KDTA to inhibit metal-catalyzed oxidation 
of PPD. 

Methods. Reagcnts. 1. Acetate buffer. 
0.1 &I, pH 6.0. Add 10 ml 0.1 M acetic acid 
(0.57 ml glacial acid plus water to 100 ml) 
to 200 ml 0.1 M sodium acetate (1.36 g 
CH,COONa 3H20/’100 ml). pH should be 
5.95-6.00. 2. Sodium azide, 0.1% in acetate 
buffer. pH must be 5.95-6.00. Store in re- 
frigerator. 3. p - Phenylenediamine * 2HC1, 
0.25% in acetate buffer. Recrystallize com- 
mercial salt as follows: Dissolve in water, add 
1)arco charcoal, warm in water bath a t  60°C‘ 
with occasional mixing and filter. Add ace- 
tone to filtrate until turbidity appears, re- 
frigerate several hours, filter off I’PU * 2HC‘l 
and dry the crystals in the dark in vacuum 
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desiccator over anhydrous CaC12. Store in 
brown bottle. To prepare 0.25% reagent, dis- 
solve 12.5 mg in 3.0 ml acetate buffer and, 
using narrow range pH paper, adjust pH to 
6.0 by adding 1 N NaOH dropwise from 0.2 
ml serologic pipet (approximately 0.1 ml re- 
quired). Add acetate buffer to final volume 
of 5 ml. This reagent can be used to about 
2 hours after preparation if kept in the dark. 
Procedure with Beckman model DU spectro- 
photometer, equipped with thernaospacers. 
Compartment temperature kept a t  37°C. To 
“blank” cuvet (1 cm light path) add 1 ml 
azide reagent, 1 ml buffer and 1 ml of PPD. 
To “test” cuvet add 2 ml buffer and 1 ml of 
PPD. Place cuvets in compartment and al- 
low 5 minutes for temperature equilibration. 
Add 0.1 ml serum to each tube from a TC pi- 
pet. Read absorbance of “test” against 
“blank” a t  5301 mp a t  exactly 10 min. and 
again at  40 min. after addition of serum. The 
unit of ceruloplasmin activity is arbitrarily de- 
fined as increase of 0.001 in absorbance in 30 
min. under our conditions. Calculation: ceru- 
loplasmin units = AS30 at  40 min - A530 a t  
10 min.) x 1000. Procedure with Klett filter 
photometer. The “test” and “blank” are set 
up in double quantities in matched test tubes. 
Tubes are incubated in water bath a t  37°C 
and covered by heavy black cloth to exclude 
light except when tubes are removed at  10 and 
40 minutes for reading with Klett 54 filter. 
An artificial standard of Yontacyl violet 6R 
(Du Pont) is employed. A solution contain- 
ing 15.9 mg of dye/liter of 0.5%) acetic acid 
is equivalent to 400 units (units same as ab- 
sorbance units defined above). Calculation: 

Klett reading a t  40 inin. 
minus 

Klett reading at  10 miii. x 400. Ceuuloplasniin 1 -~---____ 

standard against TVR tclr 
units Klett rcacling of dye 

Investigation of method. Artificial standard. 
Because of the complicated nature of oxida- 
tion of PPD, a standard cannot be set up with 
this substrate. A dye could not be found 
which had an absorption curve identical to 
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that of YPD oxidized by ceruloplasmin (Fig. 
1 ) . The closest was that of Pontacyl violet 
6R (Fig. 1 ) .  The artificial standard is for 
use with Klett 54 filter with Klett photometer 
and was not checked with any other filter 
photometer. Inhibition of ceruloplasnzin by 
azide. Experiments in which serum tests were 
run with varying concentrations of sodium 
azide and read against reagent blanks with- 
out serum, revealed that complete inhibition 
of enzyme activity occurred in the range of 
0.008 to 0.0160/r8. Final concentration of so- 
dium azide employed for the blank is 0.032%. 

Destruction of ceruloplassnirz at low PH.  
Erratic and spuriously low results were fre- 
quently obtained by original technic of Ravin 
( 3 )  in which serum is mixed with unbuffered, 
unneutralized PPD reagent prior to addition 
of acetate buffer. Variable time of contact 
with this acid reagent (final pH 2.8) resulted 
in variable destruction of oxidase activity. 
I n  one typical experiment, periods of contact 
of serum with acid PPD reagent of 1 and 10 
minutes prior to addition of buffer, gave ceru- 
loplasmin results 55 and 89% lower, respec- 
tively, than result obtained by mixing serum 
with buffer prior to addition of PPD. This 
apparently constitutes a technical error in 
Ravin’s method which is avoided in the 
method presented by buffering PPD. 

Results. Asrorhic ncid concentration und 
the lug phase. Evidence indicates that PI’D 
oxidized by ceruloplasmin is again reduced by 
ascorbic acid present in serum until all as- 
corbic acid is used up ( 5 ) .  This produces a 
lag phase in the test which can reach signifi- 
cant proportions. Addition of ascorbic acid 
to serum to a concentration of 20 mg/100 ml 
produced a lag of about 5 minutes, during 
which no increase in absorbance occurred. 
This level of ascorbic acid is considerably 
higher than physiological levels. Study of ap- 
proximately 100 sera by the DU method in 
which absorbance readings were made a t  1- 
minute intervals for the first 10 minutes, fol- 
lowed by readings a t  10-minute intervals up 
to 60 minutes. revealed that up to 10 minutes 
from zero time was required for rate to in- 
crease to a stable maximum. For this reason 

the rate in our method is determined after 10 
minutes from zero time. 

Eflect of light. Catalytic oxidation of I’PD 
was increased by exposure to visible light. 
The test, therefore, must be carried out in 
the dark. 

Rates of enzyme action 
were determined in 2 sera by the D U  method 
over pH range of 5 to 7.1 (acetate buffer). 
Rates were calculated from 10 to 30 minute 
interval because of a curious phenomenon. 
-4t pH 6.0 and higher, the rates, after the lag 
phase, were constant from 10 to 60 minutes. 
,4t pH 5.8 and lower, however, a decrease in 
rate invariably occurred during 30 to 40 min- 
ute period. In most instances this did not ap- 
pear to be curvilinear, but rather a sudden 
change to a lower but constant rate. Oxidase 
activity had a fairly sharp maximum a t  pH 
6.0 with about 15% decrease a t  pH 5.5 and 
255! a t  6.5. The buffer has sufficient capa- 
city to keep the increase in pH upon addition 
of even aged serum to within 0.05 pH unit of 
buffer pH. Optimal pH has been reported 
previously to be 5.5 (6 ) ,  between 6 and 7 ( l ) ?  
between 5.5 and 6.0(2) and 6 .0(7) .  

Ejec t  of temperature. Activities of 2 sera 
were studied a t  2 2 ,  32, 37 and 45°C by the 
I l r  method. Arrhenius plots of log of activ- 
i ty against reciprocals of absolute temperature 
gave straight lines with slopes of -37010. This 
gives an activation energy p of 17,000 calor- 
iesimole and a Ql0 between 30 and 40°C of 
2.45. 

Reproducibility of the method 
(95./, limits) calculated from 4 sets of 6 
replicates on normal sera was t 4.5% (Klett 
method j . 

iliormd values. Determinations (DU 
method) were made on 20 normal adult males 
and 20 normal adult females. There was no 
significant sex difference ( t  test, P>O.O5) 
so values were paoled. The 95% normal lim- 
its determined by the “normal equivalent de- 
viate method”( 8 )?  without log transformation 
of data, were 280 to 570 units (mean 425 
units). 

Stability of 6 normal 
sera was studied a t  25”C, a t  4’C and in the 
frozen state. At 2 5 O ,  4 sera deteriorated u p  to 

Vuyiation in pH.  

I’rccision . 

Stability of serum. 
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15% within 24 hours. The other 2 showed 
no significant decrease in 2 days. No change 
was observed a t  4’ within 2 days or in the 
frozen state within 2 weeks. Stability a t  4*  
and in the frozen state has been reported pre- 
viously(3,9,10). 

T h e  efiect of ethylenediaminetetraacetate 
( E D T A )  . Experiments were performed by 
“Klett photometer method.” Fig. 2 shows 
the effect of copper added as cupric sulfate to 
reagent blanks without azide (curve 1) and 
with azide (curve 2 )  and to serum tests with- 
out azide (curve 3) and with azide (curve 4 ) .  
Points are averages of 4 experiments, ordi- 
nates are increase in Klett readings made 
against water from 10 to 30 minutes after 
start of reaction, and abscissae are pg of cop- 
per added to 6.2 ml of test solution. Azide 
had a measurable, but practically insignifi- 
cant, effect on copper-catalyzed oxidation of 
substrate. In  serum tests azide inhibited en- 
zymatic oxidation but had not significant ef- 
fect on copper catalysis. The shape of re- 
agent blank curves is different from that of 
serum test curves and, without added copper, 
oxidation rate in reagent blanks is much 
higher than in tests with serum plus azide. 
These effects are probably due to binding of 
free copper by serum proteins other than 
ceruloplasmin ( 11,12). Addition of EDTA to 
final concentration of 0.2 mM decreased Klett 
units in all reagents blanks of Fig. 2 to less 
than 6 and in all tests containing serum and 
azide to less than 18. Iron added as ferric 
chloride to reagent blanks showed one-twenti- 
eth or less the catalytic activity of cupric ions. 
Azide had no effect on ferric ion activity and, 
furthermore, as previously reported (4 ) ,  
EDTA was without effect. “Blanks” without 
added copper or iron showed significant oxida- 
tion of substrate (Fig. 2). Analysis after 
wet ashing( 13) indicated that copper content 
of a reagent blank including azide was less 
than 0.017 pg/ml. Normally, serum con- 
tains about 100 pg of copper/lOOI ml up to 10 
pg of which is loosely-bound, non-ceruloplas- 
min copper ( 14,15,16). Use od such a serum 
in the test for ceruloplasmin adds only 0.00133 
pg of copper/mI of test solution. 

The effect of EDTA (disodium salt) on 

test for ceruloplasmin is shown in Fig. 3. 
Points are averages of 4 experiments. EDTA 
was added to both “blanks” and “tests” and 
“tests” were read against “blanks.” The 70 
inhibition was calculated from increases in 
Klett readings from 10  to 40 minutes after 
start of reaction. Inhibition appeared to ap- 
proach a maximum of about 201%. The 
effect of EDTA was preponderantly on rate 
of color development in the “test,” not the 
“blank,” indicating an actual inhibition o€ 
enzymatic activity. To obtain an apparent 
inhibition, there would have to be either lower 
rates in the “test,” higher rates in the “blank” 
or both. Addition of EDTA produced lower 
“blanks.” 

Discussion. Humoller et al. (2) used EDTA 
in final concentration of 0.17 mM (log (mM 
x 10.’) = 4.23) and read the test against a 
water blank. They obtained lower results 
with EDTA than without it but assumed that 
this was due solely to chelation of free metals 
present. Broman(4) employed EDTA in the 
same manner. He  stated that EDTA was 
used in a final concentration of 4 x 10-5 M 
and presented data indicating no inhibition of 
purified ceruloplasmin a t  this concentration. 
Recalculation from Broman’s description of 
his method, however, indicates that final con- 
centration actually was 4.47 x lod4 M, at 
which concentration his data indicated inhibi- 
tion. 

Our experiments led to the following con- 
clusions: ( a )  reading color produced by se- 
rum oxidase activity on PPD against a serum 
blank containing azide is a valid measure of 
enzymatic oxidase activity of serum; (b) 
EDTA successfully inhibits catalytic olxida- 
tion of substrate by copper, presumably the 
predominant non-enzymatic catalyst present, 
but also produces significant inhibition of en- 
zymatic oxidase activity of serum. It is not 
known whether EDTA forms a complex with 
ceruloplasmin through its copper, whether it 
successfully removes copper from ceruloplas- 
min, thus leading to inactivation, or whether 
inhibition is a nonspecific polyvalent ion ef- 
fect( 7 ) .  It has been shown that copper can 
be dissociated from ceruloplasmin under cer- 
tain conditions( 5,18,19). It is also not clear 
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why only about 20% inhibition of serum oxi- 
dase activity could be obtained with EDTA. 
Presence of 2 ceruloplasmins has been demon- 
strated in serum(4) and i t  may be that one 
is much more resistant to EDTA than the 
other. 

Suvrnzclrjl. method for determination of 
ceruloplasmin in serum is presented in which 
rate of oxidation of p-phenylenediamine is 
measured spectrophotometrically or photo- 
metrically. Correction for catalytic oxidation 
by free metals present is made by reading the 
test against a serum blank in which enzymatic 
activity is inhibited by azide. The effects of 
pH and temperature on the reaction have been 
investigated and normal values obtained by 
our method. E thylenediam inetetraaceta te 
siqnificantly inhibits enzymatic oyirlase activ- 
ity of serum. 
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Cptake of Glycine-l-C1' by Connective Tissue. 111. Effects of Adrenal 
Hormones and Aging.* (25929) 

HANS KOBLET AND EDWARD H. I~RIEDEN (Introduced by P. Bernfeld) 
Arthur G .  R o t c h  Lab., Boston Dispensary, Rostun,  Mass. 

Changes in connective tissue constituents in 
response to administration of adrenal cortical 
hormones have been described many times. 
Histological studies have afforded evidence for 
their involvement in metabolism of skin con- 
nective tissue and granulation tissue of a num- 
ber of species of animals ( 1,2 -3.4). Metabolic 
and chemical studies, including those employ- 
ing tracers, support the conclusion that gluco- 

*Supported by research grants frcm Nat. Inst. 
Health, U.S.P.H.S., Bethesda, Md. For paper I1 in 
this series, see Frieden, E. H., Endocrinol., 1956, v59, 
69. 

corticoids inhibit formation of connective tis- 
sue components, especially those of the 
ground substance( 5,6 ,7) .  Holwever, the ex- 
tent to which these hormones influence me- 
tabolism of the collagenous components of 
connective tissue is uncertain. Perrone (3 )  
was unable to demonstrate an effect of corti- 
sone upon incorporation of labeled glycine 
into the collagen of rat skin. Robertson and 
Sanborn (9),  however, found that cortisone re- 
duced (and adrenalectomy increased) colla- 
gen concentration in carrageenin granulomas 
in guinea pigs. Like the carrageenin granu- 


