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ferences, no significant difference could be rle- 
tected. Tree-shrews have an S.M.K. in tlw 
lower range of that of rats of cortiparal)lv 
weight and maturity tested under identical 
conditions (3). 

The oxygen consumption (ml/‘g/hr) of 3 
species of Sorex, true shrews, has been inves- 
tigated by Pearson t 1 ) . Sorex vagrans vag- 
rans was reported as 7.4-5.6, S. Trowbridgii 
montereyensis as 7.2, and S. pacificus sono- 
mae as 5.5-6.1. These values are approxi- 
mately 8 times those here reported for tree- 
shrews. It may be noted that should these 
data be computed on a surface area basis, 
lesser magnitudes of differences might well 
result. 

S?lmmary. The oxygen consumption of 32 

Philippine tree-shrews was 0.87 21 0.02 ec/g 
1)ody wt’hr (mean and standard error). Ex- 
1 wssed its Standard Metabolic Kate, this rep- 
resented 29.7 t 0.S Cal/sq m body surface/ 
hr, a value corresponding to that of labora- 
tory rats of comparable weight and maturity. 
S o  sex difference was observed. 
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The bulk of Vit. in serum is normally 
found in a bound form, the binding sabstance 
being a specific protein carrier (1).  This car- 
rier protein is normally in an unsaturated 
state as it is able to bind exogenously added 
Vit. BI2 in v i v o ( 2 J )  or in vi tro(4-6) .  If the 
amount of added vitamin is large, the binding 
sites become saturated and the excess remains 
unbound ( 7 ) . 

Various methods for measuring the addi- 
tional binding capacity (ABC) of serum have 
been described, utilizing either microbiologi- 
cal or radiometric technics for estimating the 
protein-bound vitamin. Estimation of ABC’ 
by microbiological assays is rather cumber- 
some, while the radiometric methods? which 
require exhaustive dialysis to remove the un- 
bound vitamin (e.g., ref. 6 ) ,  are time con- 
suming. 

This communication describes a simple and 
rapid method for determining the ABC of se- 
run1 by using CocO Vit. BI3; it has been 
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briefly reported earlier (8). A modification 
of the ABC method for quantitative determi- 
nation of Vit. B12 in biological material is 
also given in the present paper. 

Experimental. In order to measure ABC, 
untreated serum (fresh or frozen) is incu- 
bated with Co6OBI2 and the excess of un- 
bound radioactive vitamin is removed by ad- 
sorption on charcoal (9). Radioactivity of 
the charcoal is determined directly in a well- 
type scintillation counter and ABC is calcu- 
lated by subtracting the radioactivity found 
in the charcoal from total radioactivity added 
(8)-  

To determine Vit. BI2  content of biologica1 
samples, the vitamin has first to be released 
from the carrier protein. The treated sam- 
ples (containing free unlabeled vitamin) are 
incubated with serum of known ABC 
(“standard serum”) in the presence of a fixed 
amount of Coti0B12 and the unbound vitamin 
determined by measuring the radioactivity of 
the charcoal. The incubated reaction mix- 
ture containing both the “standard serum)’ 
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concentration of Cpvit. b- w unlabeled vit 6, mpg 

FIG. 1. Effect of dilution with uiilabcled vit. B,, ou binding of radiovitamin to serum pro- 
teins. Unlabeled vit. B, in increasing amounts, is  incubated with 1 pg of CoeoB, and 1 ml of ‘ standard serum ’ ’ and charcoal radioactivity (unbound vitamin) measured (solid circles). The 
calculated percentage of bound vitamin is given (curve with open circles). 

FIG. 2. Effect of CoBOB12 concentration on additional binding capacity (ABC). To deter- 
mine the range of vit. B,, concentration at which ABC remains constant, increasing amounts of 
Co”OB, are incubated with 1 ml of the serum selected as “standard.” The charcoal radioactiv- 
ity (unbound vitamin) is determined. Values of bound vitamin (T - N) are expressed as % of 
total radioactivity (T). See expression(1). Upper line (open circles) shows range of vit. BL2 
concentration at which fluctuation in ABC is minimal and is, therefore, regarded as constant. 

and the unknown sample will bind less Cow- 
B12 than the control containing “standard se- 
rum” alone, because of the dilution of radio- 
activity by the unlabeled vitamin in the sam- 
ple (Fig. 1). Thus, the Vit. B12 content of 
the unknown sample is determined by the in- 
crease of the radioactivity in the charcoal 
over that found in the control containing 
“standard serum” only. The percentage of 
binding (B%) is calculated from the follow- 
ing: 

(1)  . . .  ( T - N )  100 
T B (%) = 

where T = total radioactivity (cpm) and N 
= radioactivity in the charcoal (cpm). 

The amount of unlabeled vitamin in the 
unknown specimens should be such as to al- 
low 3040% of total radioactivity to be ad- 
sorbed on the charcoal, as these values are 
on the straight line portion of the curve 
(Fig. 1). 

Methods. a )  Determination of ABC: 0.7 
pg of CoGOB12 (specific activity 1.08 pc/pg; 
Merck & Co. Inc.) in saline buffered with 
phosphate (&1/300, pH 7.0) was added to- 
gether with KCN ( 1.0 pg - 0.015 pmole) to 
0.25 ml of serum and the volunie made up to 
1 ml with buffered saline. The reaction mix- 

ture was incubated for 30 to 60 minutes a t  
37”C, after which one ml of a 10% suspen- 
sion of charcoal W/V (Norit “A”, Amend 
Drug arid Chemical Co., New York) was 
added. The reaction mixture was shaken in 
a mechanical shaker for 15 minutes at 37”C, 
5 ml of physiological saline was then added 
(to wash out any BI2 not adsorbed on the 
charcoal) and centrifuged a t  2,000-3,OOO 
rpm for 5 minutes. The supernate was dis- 
carded and radioactivity of the charcoal 
measured. ABC is expressed in ppg Vit. BIZ/ 
ml of serum according to the following for- 
mula: 

A B C = ( T - N ) F . 4  . . . (2) 

where T = total radioactivity (cpm), N = 
radioactivity in the charcoal (cpm) , and F = 
the conversion factor of cpm obtained in ppg 
BI2 (the count is dependent on the sensitivity 
of the scintillator used). The values are mul- 
tiplied by 4 to express them per ml rather 
than per 0.25 ml of serum. 

b) Quantitativc determination of Vit. B l 2  
with ABC system. Preparation of sample. 
Serum. To 2 ml of serum are added 0.4 ml 
of KCN (0.1%, S ml of acetate buffer (iLI/5, 
pH 4.5) and water to make up to 16 ml. The 
diluted sample (dilution of serum 1:8) is au- 
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toclaved for 30 minutes at 1 5  lb/sq inch( 10). 
The supernate (pH 4.5) is concentrated to 
dryness in an evaporating dish by heating at  
ca. 90°C and is redissolved in 1-2 ml of wa- 
ter. Urine. An aliquot (20 ml) is concen- 
trated up to 10-fold by heating at  90°C (in 
an evaporating dish) after acidifying the 
sample with glacial acetic acid (to bring the 
pH to 4.5) and adding 0.5 ml of acetate buf- 
fer (M/5,  pH 4.5) and 0.2 ml of K C N  ( 1 % ) .  
The concentrated sample (urine) is taken up 
in 2 ml of water, and the pH adjusted to 7.0 
with sodium hydroxide (5N). If high B12  
urine values are anticipated (e.g., liver dis- 
ease, etc.) concentration of the urine is un- 
necessary. 

Other biological samples may be treated 
similarly. The samples are prepared to con- 
tain between 200-2,000 ppg Vit. B12. which 
is the suitable range for the assay. 

Two-fold dilutions of the concen- 
trated sample are mixed with a fixed amount 
of Cofi0B12 ( 1  pg = 1.08 pc) and 1 rnl of 
“standard serum”, and incubated (as de- 
scribed for ABC determination) after adjust- 
ing the final volume to 2.0-2.5 ml. The per- 
centage of CoBoB12 is calculated from expres- 
sion( l ) ,  converted into p p g  (from Fig. l ) ,  
and multiplied by the dilution factor; values 
of the different dilutions are averaged. 

Results. Table I summarizes ,4BC values 
obtained in healthy subjects and in various 

.4ssay. 

TABLE I. Corn Vit. R,, Additional Rillcling Cnpac- 
ity (ARC) of Scriini. 

xo, of ARC in P P R h l  
8 ub j cc t s cases Raiigc Avg 2 S.D. 

Healthy subj eets 70 58-1800 808 +SO0 
Pregnant women 49 630-2180 1558 & 381 
Newborns (fetal blood) 77 220-2060 865 & 437 
Maternal & fetal blood 

(paired samples) 
(a) Mother 9 480-1975 I n i i  
(b) Newborn 9 170-  T l ( i  -W!) 

llympliatic leiikrmia (i 650- ROO 734 t 47 
Myeloicl leukeniifi :iud 14 (;:50-2 100 1 W 5  5 47.1 

lrivw clisc*ases* 34 !bL- Ill90 !I66 & 43; 

iiietaplasia 
Polgcytheiiiia w r i t  2 liO0-2(1:3.? 1 X 7 ( 1  
1)isc;ises not related to 55 lf?2-2llbO 835 2 4Oti 

Iiciiiw topoietic system 

Twiiors, cirrhosis, infectious hqmtitis. 

physiological and pathological conditions. 
With the amount of radiovitamin employed 
(approx. 3,000 ppg B12/ml) the ABC in nor- 
mals was found to be 808 t 300 ypg B12/ml 
which is in good agreement with results ob- 
tained by other methods(5,6,11). ABC of 
normal average values was iound in various 
diseases not related to the hematopoietic sys- 
tem. In pregnancy ARC is significantly in- 
creased (1558 2 381) as compared to nor- 
inals. However, ABC of fetal blood is nor- 
mal. The difference in ABC between mother 
and newborn is preserved at  delivery as 
shown in 9 paired samples of maternal and 
fetal blood(8). The ABC in various liver 
diseases is slightly elevated. 

Lymphatic leukemia cases show normal 
ABC values (724 _t 47), while those in mye- 
logenous leukemia and myeloid metaplasia 
are definitely elevated (1605 t 474), as are 
the values in polycythemia Vera. Again the 
ABC values in this group of diseases are in 
agreement with those obtained with other 
methods( 1,2 ,11-13) .  Differential diagnosis 
based on increased values of ABC alone 
should be made with caution due to the ele- 
vation found in normal pregnancy. 

Table I1 shows Vit. BI2  concentrations in 
urine and serum obtained with the ABC sys- 
tem. Repeated estimation of the same urine 
specimens gave minimal variations. Com- 
para tive microbiological es tima tions carried 
out on some sample showed good agreement 
with the radiometric ones. 

Discussion. Several investigators have 
found the binding capacity of serum to in- 
crease with the rise of vitamin (or radiovita- 
inin) BI2 concentration( 5,6). However, over 
a defined range of BI2 concentrations (be- 
tween 900-3,500 ppg per 1 ml serum) the 
ABC of serum remained fairly constant 
(mean variation -+ 3.6%, Fig. 2 ) .  Repro- 
ducible and comparable results can, there- 
fore; be obtained in this range of CoG0Bl2. In 
the ABC determinations 2,800 ppg of Co6OBI2 
are used per ml of serum. The method de- 
scribed here enables rapid determination of 
ABC, as it employs charcoal adsorption in- 
stead of exhaustive dialysis(6) to remove the 
unbound radiovitamin. I t  was shown(9) 
that while unbound B12 is quantitatively ad- 
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TABLE 11. Radiometric Assay of Vit. H,, with the AHC System. 

Vit. BIZ, ppg/ml 
N 0. of Radiometric Mierobiologiettl 

S:l,mplt:n cases method inethod 

Urine 
Healthy subjects 2 200 

Vit. B, (.5 mg) given orally 5 100--1000* 
Vit. B, added to urine specimcn 1 4000 5000 

Vit. BIZ (.5 mg) given intramuscularly 5 1000-1,500,000* 
Infectious hepatitis 11 250-16,000” 100-12,000 

Serum 
Healthy subjects 2 5 0 0-6 0 0 
Infectious hepati t h  3 3500-4000 2 0 0 0-48 0 0 
Liver cirrhosia 1 1500 1600 
Tumor of liver 1 2000 3200 
Myeloid leukemia 1 2500 3500 
Macrocytk anemia (after treat,ment with I3,J I 1000 1200 

* Samples determined repeatedly. Repeated estimations of the same urine specinlens g:tv(! 
minimal variations. However, different samples varied in Vit. B,, activity. 

sorbed on activated charcoal, protein bound 
B12 resists adsorption. 

Cyanocobalamin and aquocobalamin (hy- 
droxocobalamin) have different affinities for 
the carrier protein( 14). Addition of cyan- 
ide to the ABC system assures complete con- 
version of the vitamin to the cyanocobalamin 
form and thus contributes to a reproducible 
estimation of the binding capacity. If the 
ABC of hydroxocobalamin is to be measured, 
proper treatment of the radiovitamin is neces- 
sary prior to the assay. 

Determination of native Vit. B12 in urine 
and serum by means of ABC is as simple and 
rapid as estimation of ABC itself. Biologi- 
cal samples usually have to be concentrated 
prior to testing as values of 2 0 0 - 5 0  ppg are 
close to the sensitivity limit of the method. 
The concentration is carried out a t  pH 4.5 
in the presence of KCN(10), to eliminate 
possible destruction of the vitamin during 
heating. The proposed test is more accurate 
in myeloid leukemia, liver disease and other 
conditions with elevated B12 levels, than e.g., 
in pernicious anemia. However, addition of 
small amounts (50-200 ppg) of unlabeled 
vitamin as a carrier should allow accurate de- 
termination of B12 in pernicious anemia and 
in Vit. B12 deficiency. 

Instead of the method described above 
which utilizes isotopic dilution for determin- 
ation of Vit. B12 with the ABC system, a 
“saturation procedure’’ can be used: the 
binding sites of the carrier protein are satu- 

rated by preincubation with the unlabeled 
vitamin of the unknown specimen and the 
system is reincubated with a constant amount 
of the radiovitamin. The radioactivity of 
the charcoal is counted as described. Such 
a modification is plausible, since under the 
conditions of the assay the vitamin is irre- 
versibly bound to the carrier protein and no 
exchange between the unlabeled and labeled 
form occurs( 15). 

A direct isotopic method for determination 
of Vit. B12 in blood has recently been de- 
scribed( 16). The method, which appears to 
be highly accurate, requires exhaustive di- 
alysis and, therefore, is tedious and time con- 
suming. 

Summary. A method for measuring addi- 
tional binding capacity (ABC) of Vit. B12 
in serum with the aid of radio-BI2 is de- 
scribed. Fixed amounts of untreated serum 
(fresh or frozen) and of CoOoBl2 are incu- 
bated for 30-60 minutes a t  37OC and the ex- 
cess of unbound vitamin adsorbed on char- 
coal; the radioactivity of the charcoal is 
counted directly in a well-type scintillator. 
ABC values in various physiological and 
pathological conditions are given. The ABC 
assay was also applied to measure Vit. B12 
concentrations in biological material, by first 
releasing the vitamin from the carrier pro- 
tein and incubating it together with LZ “stand- 
ard serum” (of known ABC) with CoC0B12. 
Vitamin content is determined by the in- 
crease in radioactivity in the charcoal over 



that found in the control containing “stand- 
ard serum” only. Both methods are si i i i -  
ple, rapid, and particularly suital)le for w- 
rial determinations. The resd ts ohtainetl 
with these assays showed good agreement 
with microbiological and other radiometric 
methods. Various aspects of the assays are 
discussed, 
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The report of LaDue, h’roblewski and Kar- 
men( l )  stimulated much of the interest in 
glutamic-oxalacetic transaminase (GOT), and 
led to the use of the transaminase analysis as 
a diagnostic test for confirming the existence 
of a myocardial infarct. Wrbblewski and 
LaDue extended this test to include detection 
of infectious hepatitis (2 ,3) .  

This research led other workers to more 
widespread and diversified investigation of 
CAT. Vagotomy in the pigeon resulted in 
increased GOT activity of heart, muscle and 
hepatic tissue( 4 ) .  The metabolic stimulant, 
2 +dinitrophenol, increased GOT activity in 
muscle and hepatic tissue ( 5 ) . Barbieri dis- 
covered that GOT was most concentrated in 
those chambers of the heart doing the most 
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work ( 6 ) .  Katsura and Yamamoto reported 
endocrine tissue had a relatively low trans- 
aminase activity( 7). These later investiga- 
tions suggested a relationship might exist be- 
tween GOT and muscular or metabolic activ- 
i ty. Perhaps increased tissue activity could 
result in an increased GOT content within 
that tissue, which could be mobilized from the 
serum or synthesized in the active tissue it- 
self. This hypothesis was tested in humans 
by measuring SGOT titers before and after 
3 three-minute rounds of boxing(8). A sig- 
nificant increase in SGOT level was observed 
immediately thereafter. Rats compelled to 
walk for 16 hours responded with an increased 
level of SGOT( 9) .  These investigations did 
not exclude the possibility of tissue damage 
from the blows struck in boxing and in the 
exercised animals there was histologic evi- 
dence of damage to skeletal muscle. Such 
damage has been shown to result in elevated 
serum levels of GOT( 10-14). Experiments 


