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ABSTRACT OF THE DISCLOSURE 
A freeze-dried blood serum is provided for use as a 

reference standard in the calibration of automatic blood 
serum analyzing apparatus, comprising a human serum 
in which the levels of concentration of its constituents 
have been precisely adjusted, and which is specially proc 
essed for use in apparatus for the simultaneous analysis 
of the constituents of each of a succession of blood serum 
samples. The reference standard blood serum of the in 
vention contains trihydroxymethylamine (Tris) carbon 
ate so as to permit it to be reconstituted just prior to use 
with distilled water so as to restore a predetermined carbon 
dioxide level in the reference serum. Alternately, the 
reference standard blood serum contains Tris, and is re 
constituted with distilled water and carbon dioxide. 

BACKGROUND OF THE INVENTION 

Various types of apparatus have been developed in 
recent years for the automatic analysis of human blood 
serum, and which are capable of making rapid simul 
taneous analytical determinations on a precise quantita 
tive basis of various components of each of a series of 
blood serum samples successively introduced into the 
apparatus. Biochemical determinations may be made, for 
example, by such apparatus, of the following constituents 
of the blood serum samples: albumin, alkaline phos 
phatase, bilirubin, calcium, chloride, cholesterol, carbon 
dioxide content, creatinine, glucose, lactic dehydrogenase 
(LDH), inorganic phosphorus, potassium, sodium, total 
protein, transaminase (SGOT), urea nitrogen, uric acid, 
creatine phosphokinase (CPK). 
The aforesaid apparatus may be of the type described, 

for example, in the Skeggs et al. Pat. 3,241,432 which 
issued Mar. 22, 1966, and which is assigned to the Tech 
nicon Instruments Corporation of Chauncey, N.Y. The 
Skeggs apparatus, for example, is capable of making 
simultaneously a multiplicity of different analyses of a 
blood serum sample, with respect to the constituents 
referred to, for example, in the preceding paragraph, and 
of rapidly repeating the analyses on successive samples. 

In the operation of the apparatus described in the 
Skeggs patent, for example, a series of individual sepa 
rate blood serum Samples are successively introduced into 
the machine, and are formed into a stream which sub 
sequently is divided into a plurality of separate streams, 
depending upon the number of separate tests to be made. 
Each of the streams is separately treated for quantitative 
analysis with respect to the particular constituents, and 
the results of the analyses are recorded, for example, on 
a chart of a recorder, or are otherwise stored in any 
prescribed correlated form. 
As is well known, the determination of the carbon 

dioxide content of the blood is of great importance in 
many clinical procedures. The aforesaid apparatus is 
capable of determining the carbon dioxide content of the 
test sample. Therefore, it is important for the reference 
standard blood serum to include a predetermined carbon 
dioxide content so that it may be used to calibrate the 
apparatus for that particular determination. However, it 
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has been found that in the freeze-drying of the blood 
serum for reference standard purposes, a substantial 
amount of carbon dioxide content of the serum is lost in 
the form of gaseous CO2. 

In order to calibrate apparatus of the type described 
in the aforesaid patent, a reference standard blood serum 
sample is used whose constituents have precisely pre 
determined values. It is necessary for such reference 
Standard serums to be capable of being stored for long 
periods of time without deterioration, and for that reason 
it has been the practice to freeze-dry them. It has also 
been the prior art practice to reconstitute the reference 
standard serum before use by means, for example, of a 
Separate aqueous solution of ammonium bicarbonate, to 
restore the carbon dioxide level to a predetermined value. 

However, a problem which has arisen when the above 
described prior art reference standard serum is used is 
that a separate vial of a measured amount of the ammo 
nium bicarbonate solution had to be provided, and re 
liance had to be placed on the ultimate user that the 
reconstituting solution would be added in the proper 
quantity to the reference standard serum. This makes the 
reliability of the results of the apparatus dependent upon 
the ultimate user. 

Moreover, when the prior reference standard serum 
is to be used for different analytical procedures, different 
levels of carbon dioxide contents are required, and this 
calls for different concentrations of the reconstituting 
solution. In such cases, different vials of different con 
centrations of the ammonium bicarbonate solution must 
be provided with the prior art reference standard blood 
serum, and there is no assurance that the ultimate user 
would use the proper vial of the reconstituting solution 
for the appropriate procedure. 
The prior art provision of the separate aqueous solu 

tion of the ammonium bicarbonate for the reconstitution 
of the freeze-dried serum just prior to use is necessary, 
because the reconstituted prior art serum was found to 
be stable only for a few days, and then only if stored in 
refrigeration between, for example, 2 and 8 centigrade. 
It was found, for example, that storage of the reconsti 
tuted prior art reference serum at room temperature 
tended to alter the SGOT and LDH value in the recon 
stituted serum. 

Also the ammonium bicarbonate could not be inter 
mixed into the prior art reference serum originally in 
the laboratory because it is completely lost during freeze 
drying. 
An important object of the present invention is to 

provide a reference standard serum to which a carbonate 
or bicarbonate of Tris (hydroxymethyl) aminomethane is 
added prior to when it is in its freeze-dried state, and 
which may be reconstituted merely by adding distilled 
water. The Tris carbonate has no effect on any of the 
constituents of the reference standard serum and does 
not affect the stability of its enzyme constituents in any 
way, even over long intervals of time. The use of Tris 
carbonate takes the concentration control of the reconsti 
tuting element out of the hands of the ultimate user, 
and into the laboratory where it can be established pre 
cisely and under optimum environmental conditions. The 
chemical name is 2-amino-2-(hydroxymethyl)-1,3-pro 
pandiol. The formula is 

It has been found that the use of the Tris carbonate 
reference standard serum of the present invention results 
in a reconstituted serum by the addition of distilled water, 
which functions with all the efficacy of the properly re 
constituted prior art ammonium bicarbonate reference 
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Standard serum. The reference standard serum of the 
present invention has no tendency to plug the apparatus 
in which it is used, and it is clear and colorless, So that 
it does not affect any of the colorimeter or other tests 
carried out by the apparatus. The use of Tris carbonate 
in the reference standard serum of the invention results 
in a proper pH, so that the stability of enzymes such as 
lactic dehydrogenase and transaminase, is in no way 
affected. 
An important feature of the present invention is that 

the addition of a measured amount of ris carbonate 
to the reference standard Serum permits the carbonate 
dioxide content to be restored to any predetermined level 
upon reconstitution of the serum by the addition of 
distilled water, and as determined by the concentration 
of the Tris carbonate, depending upon the particular 
analytical procedure in which the reference standard 
serum is to be used. 
The freeze-dried serum used in the practice of the 

invention can be prepared by any conventional method 
of freeze-drying whereby human serum is dried from 
a frozen state under high vacuum; wherein ice, or other 
frozen solvents, rapidly sublime to yield a porous solid. 
The resulting freeze-dried reference standard serum has 
been found to remain stable for over two years at tem 
peratures ranging from 2 C. to 10 C. In the practice 
of the invention, a quantity of Tris carbonate is added 
to the serum prior to freeze-drying; and the freeze-dried 
serum is subsequently reconstituted by the addition of 
distilled water prior to use. Alternately, Tris itself is 
added to the serum and carbon dioxide gas is bubbled 
into the serum prior to freeze-drying. 

This reconstituting of the serum is necessary, as ex 
plained above, in order to increase the carbon dioxide 
content of the reconstituted serum to a predetermined 
level, as determined by the particular analytical procedure 
in which the serum is to be used for calibrating purposes. 
The reconstituted serum can be used directly for the 
calibration and control of the aforesaid apparatus. 
The Tris carbonate is ideally suited as a component 

of the reference standard blood serum in that it does not 
affect in any way the precisely predetermined values of 
any of the constituents of the reference standard blood 
serum. Also, it imparts a normal pH to the serum so as 
to provide for the stability of its constituents, and par 
ticularly the enzymes, as mentioned above. 
As explained above, the Tris carbonate serves to pro 

duce a carbon dioxide content in the reconstituted ref 
erence standard serum which is suitable for Standardizing 
and calibrating the test equipment. As also previously 
stated, the Tris carbonate is colorless and has no turbid 
characteristics as would affect any of the tests made by 
the aforesaid apparatus. 
The following specific example is intended to illus 

trate a particular reference serum illustrative of the prac 
tice of the invention. 
As a first step in the preparation of the reference serum 

of the invention, selected samples of human blood serun 
were pooled. Then the Tris carbonate was added in suffi 
cient amount to provide the desired carbon dioxide level 
in the reconstituted serum. For example, the Tris car 
bonate was formed by adding Dry ice, as a source of 
carbon dioxide, to Tris. In a particular example, 65 grams 
of Tris was placed in 100 cc. of water, a quantity of 
Dry Ice was added, and the Solution was allowed to 
stand overnight to permit the Tris carbonate to precipi 
tate. The Tris carbonate was then dissolved in water, and 
added to the serum in a proportion of 7 grams of Tris 
carbonate per liter of serum, or in other proportions 
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4. 
depending upon the exact level the carbon dioxide con 
stituent of the serum is to be reconstituted. A volume of 
50 milliliters of the serum and Tris carbonate mixture 
was then freeze-dried by a known freeze-drying process. 
The freeze-dried serum, prior to use, was reconstituted 

by adding 50 milliliters of distilled water to a bottle con 
taining the serum. The resulting mixture was slightly 
agitated by rotation of the bottle so that the serum was 
completely dissolved. The reconstituted pool was then 
analyzed by known procedures. 
One Specific sample of the reconstituted serum had 

the following constituent values which are listed herein 
merely by way of example: 
Constituent: Value 

Glucose --------------------- 230 mg./100 ml. 
Blood urea nitrogen ----------- 69 mg/100 ml. 
Potassium ------------------- 5.4 m. eq/liter 
Sodium --------------------- 149 m. eq./liter 
Carbon dioxide -------------- 30 m. eq/liter 
Chloride -------------------- 113 m. eq./liter 
Alkaline phosphatase --------- 25 KA units 
Transaminase (SGOT) -------- 93 KA units 
Calcium --------------------- 10.2 mg. / 100 mil 
Phosphorous ----------------- 4.8 mg./100 mil 
Uric acid -------------------- 4.2 mg. / I00 mil 
Cholesterol ------------------ 200 mg. / 100 mil 
Total protein ---------------- 6.6 gm./100 mil 
Albumin -------------------- 3.9 gm./100 mil 
Bilirubin -------------------- 2.0 mg. / 100 mil 
Lactic dehydrogenase ---------- 220 Wacker units 

What is claimed is: 
1. A freeze-dried blood serum reference standard com 

prising blood serum having constituents of known values 
and a carbonate or bicarbonate Tris(hydroxymethyl) 
aminomethane. 

2. The blood serum of claim 1, in which the con 
centration of the aforesaid aminomethane in the serum 
is such that when the serum is reconstituted, the carbon 
dioxide content of the reconstituted serum is in a range 
extending from approximately 12 to approximately 35 
m. eq./liter. 

3. The blood serum of claim 1, reconstituted by the 
addition of distilled water. 

4. The method of providing an accurate blood serum 
reference standard having a standard carbon dioxide 
content for use in multi-automated analytical procedures 
which comprises reconstituting freeze-dried blood serum 
containing a quantity of a carbonate or bicarbonate of 
Tris (hydroxymethyl)aminomethane with distilled water 
so that the carbon dioxide content of the reconstituted 
serum may be increased to a predetermined level. 

5. The method set forth in claim 4, in which the con 
centration of the aforesaid aminomethane is such that 
the carbon dioxide content of the reconstituted serum 
is in a range extending from approximately 12 to ap 
proximately 35 m. eq./liter. 
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