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57 ABSTRACT 

A composition suitable for use as a substitute for 
blood plasma extract in producing antiserum titration 
curves and standard antigen inhibition curves for the 
determination of carcinoembryonic antigen in human 
plasma is disclosed. 

7 Claims, 2 Drawing Figures 
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3,852,415 
COMPOSITIONS FOR USE IN 

RADIOMMUNOASSAY AS A SUBSTITUTE FOR 
BLOOD PLASMA EXTRACT IN DETERMINATION 

OF CARCINOEMBRYONIC ANTIGEN 

BACKGROUND OF THE INVENTION 

In order to accurately assay circulating carcinoem 
bryonic antigen (CEA) in human blood, it is necessary 
to run antiserum titration curves and standard antigen 
inhibition curves for use in comparing against the test 
sample. The test sample is usually either blood serum 
or blood plasma. The antiserum titration curve is used 
to tell the activity of the antiserum and results from 
plotting the microliters of antiserum containing a 
known activity versus the counts per minute of radioi 
odinated CEA. The standard antigen inhibition curve 
is used to find the amount of CEA in a test sample and 
results from plotting nanograms of CEA versus counts 
per minute of radioiodinated CEA. 

In performing the measurements required to develop 
the curves, it is necessary to use as a diluent medium 
a material which will permit consistent, reliable results. 
Prior to this invention, plasma extracted by glycopro 
tein solvents and dialysis from normal blood group 
Type A+ blood was used as the diluent medium. Such 
as extraction process is disclosed, for example, in U.S. 
Pat. No. 3,663,684, Example 5. While the results using 
this diluent are satisfactory, there is difficulty in obtain 
ing sufficient quantities of normal plasma extract with 
out an interfering amount of CEA. 
There is therefore a need for a diluent medium which 

is economical and easy to obtain, permits consistent, 
reliable results and which further results in standard 
curves which are substantially identical to those result 
ing from the use of plasma extract from blood group 
Type A+ blood. 
This latter property is important since it eliminates 

the need for developing new data which will be accept 
able to the scientific community and governmental 
agencies. Such development is very time consuming 
and costly. 

DRAWINGS 

FIG. 1 shows antibody titration curves. 
FIG. 2 shows standard inhibition curves. 

DESCRIPTION OF THE INVENTION 
According to this invention, a substitute for the 

plasma extract of blood type A+blood has been devel 
oped. This substitute is a buffer composition containing 
as the buffer, a salt of an organic acid and a strong inor 
ganic base, a preservative, a protein to coat glass tubes, 
a base and water. 

In order to insure that the buffer is of proper compo 
sition to make it suitable for use in forming the stan 
dard antiserum titration curve the concentrations and 
amounts of ingredients as well as pH must be adjusted 
so the curve is substantially identical to that resulting 
when plasma extract from blood group Type A is 
used. 
The substitute plasma extract composition, when 

used to make a standard inhibition curve must produce 
a curve which is substantially identical to that resulting 
when plasma extract from blood group Type A is 
used. 
Surprisingly, it has been found that the same compo 

sition can be used as a plasma extract substitute when 

O 

2. 
running the titrations for both of the standard curves 
discussed. 
The composition of plasma extract substitute which 

fulfills this criteria is described herein for a 1,000 ml. 
sample, 10 ml. of which are used for each point in the 
curve when making the curve. 
The concentration of the organic acid used in the 

plasma extract substitute composition is operable 
within very narrow limits and depends upon the pK 
range of the organic acid used. Generally, a pK of from 
about 5 to 6 is operable, this range includes the pK's of 
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polybasic acids. For purposes of this invention, how 
ever, only the pK and pK are significant. A preferred 
pK is in the range of about 2 to 3. Other criteria for 
choosing a suitable organic acid are that it must form 
water soluble salts with alkali metals, and it must cause 
the pH of the composition to be near neutral on the 
acid side. 

Typical, suitable, organic acids are the tetraacetic 
acid compounds, particularly ethylenediamine tetra 
acetic acid (EDTA) which has a pK of 2.0 and a pKa 
of 2.7. Other similar organic acids are suitable, for ex 
ample, diethylenetriamine pentacetic acid. 

Preferred alkali metal salts are the disodium and di 
potassium salts. 
The concentration of the organic acid should be 

equivalent in function to 1.28-1.32 gm./liter of diso 
dium EDTA. Preferably, 1.3 gm./liter is required. In 
the event a tenfold concentration increase of the 
plasma extract substitute per liter is made, then the 
equivalent to 13.0gm./l. of disodium EDTA is used. As 
used herein disodium EDTA means the disodium salt 
of ethylenediamine tetraacetic acid with two molecules 
of water of hydration, i.e., disodium EDTA dihydrate. 

Other increases or decreases in concentration of the 
plasma extract substitute can be used but are not suffi 
ciently accurate for practical purposes when making 
the standard curves. 
Since CEA has a tendency to adhere to glass, it has 

been found necessary to use a small amount of protein 
aceous material to coat the glass receptacles containing 
the diluent medium and prevent CEA from adhering. 
Such proteinaceous material must be inert with respect 
to the antibody-antigen reactions present when the 
curves are developed. A typical suitable material is bo 
vine serum albumin (BSA). The BSA is commercially 
available as a 30 percent aqueous solution and is suit 
able in this form for use in the invention, also BSA in 
the form of a dry powder is suitable. The amount used 
in forming the compositions of this invention is 70 pulli 
ters/liter or 21 mg/liter when dry powder is used. In the 
event an increase in concentration of the buffer is de 
sired then 700 pil./l. or 210 mg/liter is used. 

If the receptables are a material other than glass or 
glass coated with a non-reactive coating, e.g., Teflon, 
then there is no need for the proteinaceous material. 
A small amount of a preservative should be used to 

prevent growth or microorganisms, particularly fungi. 
It has been found that either 0.17 gm./l. of sodium 
azide or a functionally equivalent amount of other pre 
servatives, e.g., potassium sorbate, is suitable for the 
compositions of this invention. In the event the more 
concentrated plasma extract substitute is used, then 1.7 
gm./l. of preservative is required. The invention is not 
limited to the use of the specific preservatives named 
herein since other functionally equivalent materials or 
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mixtures thereof are suitable and would be obvious to 
the skilled artisan. 

Finally, sufficient base is used to adjust the pH of the 
plasma extract substitute to 6.45-6.55, preferably 6.5. 
The base used should be a base of the same metal form 
ing the salt with the acid. For example, 1M sodium hy 
droxide is used when disodium EDTA is the organic 
acid salt. When the more concentrated medium is used, 
the pH is adjusted similarly to about 6.25 since upon 
dilution it then approaches the preferred 6.5. The 
amount of base used varies depending upon the pH of 
the composition prior to its addition. Generally, how 
ever, approximately 10 ml. of 1 M base are added. 
The composition is prepared by mixing all the ingre 

dients except the base in about 800 ml. deionized or 
distilled water. Following this, the solution is brought 
to the preferred pH, 6.5 with the base and the solution 
is made to 1,000 ml. with deionized or distilled water. 
(In the case of a tenfold concentration increase, the pH 
is brought to 6.25.) The resulting solution is stable at 
room temperature (20°–25°C.) or 4°C. for several 
weeks. 
As used hereincarcinoembryonic antigen (CEA) in 

cludes all antigenic material which is specific to anti 
bodies of carcinoembryonic antigen. Typical CEA anti 
gen materials are disclosed in U.S. Pat. No. 3,663,684 
and U.S. Pat. Application Ser. No. 133,404, filed Apr. 
2, 1971 now U.S. Pat. No. 3,697,638. 
The following Examples illustrate the invention. 

EXAMPLE 

Preparation of Plasma Substitute 
1.3 Grams of EDTANa2HO (3.7 mM) is dissolved 

in about 800 ml. of water. 0.17 Grams of sodium azide 
and 70 pul. of 30 percent aqueous BSA are added to the 
solution. The pH is adjusted to 6.5 with 1M sodium hy 
droxide and the volume made up to 1,000 with deion 
ized or distilled water. This solution is stable at 4°C. or 
at room temperature for several weeks. 

EXAMPLE 2 

Preparation of Concentrated Plasma Substitute 
13.0 Grams of EDTANa2HO (37 mM) is dissolved 

in about 800 ml. of water. 1.7 Grams of sodium azide 
and 700 pull. of 30 percent aqueous BSA are added to 
the solution. The pH is adjusted to 6.25 with 1M so 
dium hydroxide and the volume made up to 1,000 ml. 
with deionized or distilled water. The pH of this stock 
solution, upon diluting tenfold to make the working so 
lution, approaches 6.5. This stock solution is stable for 
several weeks at 4°C. or at room temperature. 

EXAMPLE 3 

Preparation of Plasma Extract 
1 Mi. of normal blood group Type A+ plasma is di 

luted with 4 ml. of saline solution in a test tube. 5 Ml. 
of 1.2 M perchloric acid is added to each tube. The 
mixtures are centrifuged for 20 minutes at 1,000 Xg. 
The supernates are decanted in dialysis bags which are 
then sealed. The bags are placed in a dialysis bath and 
dialyzed for 18 hours against 60 volumes of deionized 
or distilled water which is changed several times during 
the dialysis. A final 3 hour dialysis against 60 volumes 
of 0.01 M ammonium acetate buffer, pH 6.8 is per 
formed. The extracts are then transferred to disposable 
test tubes. 
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4 
EXAMPLE 4 

Antiserum Titration Curve with Plasma Extract 
Graded amounts, i.e., 50, 100, 200 and 500 ul of an 

tiserum to CEA which is diluted 1 to 2,500 in a buffer 
comprising 9 volumes of borate buffer (pH 8.4) and 1 
volume of blood group Type A+ plasma are added to 
four test tubes, each containing 10 ml. of plasma ex 
tract prepared as in Example 3. Only water was added 
to one of the test tubes for a zero measurement. The 
mixtures were incubated for 0.5 hour at 45°C. about 3 
nanograms of I' CEA having 150,000-200,000 cpm. 
were then added to each tube and the mixture incu 
bated for 0.5 hour at 45°C. 5 Ml. of zirconyl phosphate 
gel (pH 6.25) was then added to each tube. The tubes 
were centrifuged at 1,000 X g for 5 minutes at room 
temperature. The supernatant was then discarded and 
the gel precipitate was resuspended in 10 ml, of ammo 
nium acetate solution ( 0.1 M, pH 6.25). The gel was 
then separated by centrifugation at 1,000 Xg for 5 min 
utes and assayed for gel bound I'. The results are 
shown in FIG. 1. The assay indicates the activity of the 
antiserum, knowledge of which is needed for use in the 
radioimmunoassay for CEA. 

EXAMPLE 5 
Antiserum Titration Curve with Plasma Extract Substi 
tute 
The identical procedure of Example 4 was followed 

except that 10 ml. of the composition of Example 1 was 
used in place of the 10 ml. of plasma extract. The re 
sults are shown in FIG. 1. 

EXAMPLE 6 
Antiserum Titration Curve with Plasma Extract Substi 
tute 
5 ml. of the product of Example 2 were diluted to 50 

ml. with deionized or distilled water and utilized as the 
diluent following the identical procedure of Example 5. 
The resulting curve is identical to that of Example 5 
and shown in FIG. I. 

EXAMPLE 7 

Standard Inhibition Curve with Plasma Extract 
100 pull. of antiserum of CEA was added to each of 

five test tubes containing 10 ml. of the plasma extract 
of Example 3. Graded amounts of CEA, i.e., 0, 2.5, 
6.25, 12.5 and 25 ng, were added to the tubes and the 
mixture incubated for 0.5 hour at 45°C. about 3 ng of 
I'-CEA with 150,000-200,000 cpm were added to 
each tube and the mixture incubated for 0.5 hour at 
45°C. 5 Ml. of zirconyl phosphate gel (pH 6.25) was 
then added to each tube. The tubes were centrifuged at 
1,000 Xg for 5 minutes at room temperature. The su 
pernatant was then discarded and the gel precipitate 
was resuspended in 10 ml. of ammonium acetate solu 
tion (0.1 M, pH 6.25). The gel was then separated by 
centrifugation at 1,000 Xg for 5 minutes and assayed 
for gel bound I'. The results are shown in FIG. 2. The 
curve is used to find the amount of CEA in a plasma ex 
tract sample. 

EXAMPLE 8 
Standard Inhibition Curve with Plasma Extract Substi 
tute 
The identical procedure of Example 7 was followed 

except that 10 ml. of the composition of Example 1 was 
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used in place of the 10 ml. of plasma extract. The re 
sults are shown in FIG. 2. 

EXAMPLE 9 
Standard Inhibition Curve with Plasma Extract Substi 
tute From Example 2 
5 ml. of the product of Example 2 were diluted to 50 

ml. with deionized or distilled water and utilized as dil 
uent following the identical procedure of Example 8. 
The resulting curve is identical to that of Example 8 
and shown in FIG. 2. 
The slightly higher level of radioactivity of the curve 

using the plasma extract at the zero value indicates the 
presence of a very small but measurable amount of 
CEA in the plasma extract. 

I claim: 
1. A diluent composition suitable for forming an anti 

body to CEA titration curve or a CEA standard inhibi 
tion curve substantially identical to that resulting when 
blood plasma is used as the diluent, said composition 
having a pH 6.45-6.55 and comprising per liter; an 
amount of a salt of an organic carboxylic acid with an 
alkali metal which is equivalent to 1.3 grams of diso 
dium ethylenediamine tetraacetic acid dihydrate, 0.17 
grams of an antimicrobial preservative, 70 ul. of a 30 
percent w/w aqueous solution of bovine serum albu 
min, sodium hydroxide, and sufficient water to make 1 
liter. 

2. A diluent composition suitable for forming an anti 
body to CEA titration curve or a CEA standard inhibi 
tion curve substantially identical to that resulting when 
blood plasma is used as the diluent, said composition 
having a pH 6.45-6.55 and comprising per liter, 1.3 
grams of disodium ethylenediamine tetraacetic acid di 
hydrate, 0.17 grams of an antimicrobial preservative, 
70 pull. of a 30 percent w/w aqueous solution of bovine 

6 
serum albumin, sodium hydroxide, and sufficient water 
to make 1 liter. 
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3. The composition of claim 2 wherein the preserva 
tive is sodium azide. 

4. A diluent composition suitable for forming an anti 
body to CEA titration curve or a CEA standard inhibi 
tion curve substantially identical to that resulting when 
blood plasma is used as the diluent, said composition 
having a pH 6.25 and comprising per liter, 13.0 grams 
of disodium EDTA dihydrate, 1.7 grams of an antimi 
crobial preservative, 700 pul. of 30 percent wiw aque 
ous BSA, sodium hydroxide, and sufficient water to 
make 1 liter. 

5. The composition of claim 4 wherein the preserva 
tive is sodium azide. 

6. In a method of making an antibody to CEA titra 
tion curve by forming graded amounts of antiserum to 
CEA by dilution with a buffer, incubating in a diluent, 
adding radiolabelled CEA, incubating, adding zirconyl 
phosphate gel, separating the resulting precipitated gel 
bound with radiolabelled material, assaying it for radio 
activity and recording the results on a graph as counts 
per minute vs. pu liters of antiserum, the improvement 
which comprises utilizing as the diluent, the composi 
tion of claim . 

7. In a method of making a CEA standard inhibition 
curve by adding antiserum to CEA to graded amounts 
of CEA in a diluent, incubating the mixture, adding 
radiolabelled CEA, incubating, adding zirconyl phos 
phate gel, recovering the resulting gel precipitate 
bound with radiolabelled material, assaying it for radio 
activity and recording the results on a graph as counts 
per minute vs. nanograms of CEA, the improvement 
which comprises utilizing as the diluent, the composi 
tion of claim 1. 

ck k k :k k 


