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Intrinsic Factor Studies I. Paper Electrophoresis of Mixture of Gastric 
Juice and Radioactive Vitamin B12.* (20398) 

ROBERT F. SCHILLING AND WILLIAM P. DEISS.~ 
From the Department of MPdicine, University of Wisconsin Medical School. 

The simultaneous oral administration of 
normal human gastric juice and small amounts 
of vit. BIZ to patients with pernicious anemia 
in relapse results in prompt hematopoiesis, 
while a similar amount of B12 without gastric 
juice is ineffective ( 1 ) . The parenteral injec- 
tion of microgram quantities of vit. BI2 causes 
an excellent hematopoietic response in such 
patients( 2 ) .  The simplest explanation of 
these observations is that the intrinsic factor 
activity of gastric juice promotes the intes- 
tinal absorption of the vitamin, either by 
means of a chemical binding of the BI2 or by 
acting on the intestinal mucosa in such a 
manner as  to facilitate the transport of the 
vitamin across the mucosa(3). Binding of 
vit. B12 has been studied most extensively by 
microbiological assay, and it has been shown 
that gastric juice combines with the vitamin 
in such a way as to render it unavailable to 
certain microbes( 4 ) .  Several other substances, 
some known not to be active as intrinsic fac- 
tor, combine with vit. B j 2  in a similar fashion 
(5 .6) .  

This paper describes experiments designed 
to localize by paper electrophoresis the vit. 
B, ,  binding fraction in human gastric juice 

* This investigation was supported by a research 
grant from the Sational Institutes of Health, U. S. 
Public Health Service. 

t Research Fellow of the Arthritis and Rheuma- 
tism Foundation. 
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using radioactive vit. B12 (I312 Co60)S(7) as 
a tracer. 

Methods. a) Preparation of gastric juice. 
Gastric juice secreted after histamine injec- 
tion was collected by a Levine tube from fast- 
ing normal subjects or patients with a peptic 
ulcer or an anxiety state. The juice in the 
stomach before histamine stimulation was not 
used. Only specimens showing an acid re- 
action to Toepfer’s reagent were processed. 
After filtration through gauze to remove some 
of the mucus the juice was titrated with so- 
dium hydroxide until neutral to brom thymol 
blue. After suction filtration through coarse 
sintered glass, the juice was stored a t  4 O  or 
-10°C. Concentration of gastric juice was 
effected by dialysis against tap water and 
freeze-drying. In  some experiments B I Z  CosO 
was added before freeze-drying, and in others 
the powdered gastric juice was dissolved in an 
aqueous solution of the vitamin before appli- 
cation to the paper strip. b) Paper electro- 
phoresis. A technic previously described (8) 
was used in these studies. Schleicher and 
Schuell No. 598 paper was found satisfactory 
for this work. Fifty microliters of the con- 
centrated gastric juice-B,? Co60 mixture was 
applied to the paper, and after electrophoresis 

S Supplied throuph the generosity of Charles Ros- 
enblum of Merck & Co., Rahway, N. J.  The specific 
activity of the vitamin was approximately 64 micro- 
curies .’me. 
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F I G .  1. Localization of radioactivity after simultancous cleetrophoresis of B,, Co60 mixed with 
0.9% NaC1 ( A ) ,  serum (B), and gastric juice (C) .  The bar graphs above the photographs of 

the stained paper strips represent schernatically Ithe localization of radioactivity. 

in 0.0175 31 veronal buffer, pH 8.6, a t  4'C for 
about 16 hours a t  1.5 milliamperes, the paper 
was dried, cut transversely into 1 7  segments 
each 2 cm long, and the radioactivity of each 
segment determined in a windowless gas flow 
Geiger counter. These segments were subse- 
quently stained with brom phenol blue to lo- 
calize the protein spots. 

Fig. 1 compares the localization 
after simultaneous electrophoresis of BIZ CO"'~ 
mixed with saline ( a ) ,  with serum (b ) ,  and 
with gastric juice (c) .  I t  will be noted that 
the radioactive material has moved toward the 
cathode when mixed with saline or serum. 
There is also a very small amount of radio- 
activity associated with the albumin of the 

Results. 

serum, evidence that this fraction bound some 
BIZ CoGo. (This sample of vit. BIZ contained 
no inorganic Co60.) In  a second experiment, 
a smaller quantity of BI:! CoGo of higher 
specific activity was added to serum before 
electrophoresis, and the majority of the radio- 
activity was associated with the albumin. 
Since movement of BI2 CoGO toward the 
cathode was noted in saline as well as in serum 
it would seem likely that this movement could 
best be attributed to electro-osmosis of "un- 
bound" BI2  ~ C O ' ~ ~ )  in these experiments. The 
apparent association of radioactivity with the 
gamma globulin fraction of serum, therefore, 
is considered fortuitous and does not neces- 
sarily represent binding by this fraction. 
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FIG. 2. Localization and quantitation of radioactivity after paper electrophoresis of a mixture 
of gastric juice and B,, CoEo. Current was applied for a shorter time here than in experiment 

pictured in Fig. 1. 

When the B12 Co60 was mixed with gastric 
juice, it was bound to some component mov- 
ing toward the anode. This behavior was 
noted in all eight of the experiments per- 
formed using 6 different gastric juices. That 
this component was not one of the 2 major 
protein peaks is evident from Fig. 1C and 
Fig. 2. One of the protein peaks remained at  
the starting p i n t ,  and the other moved faster 
than the serum albumin. The BI2 Co60 was 
not bound to either of the two detected pro- 
tein peaks in gastric juice. 

The effect of boiling the mixture of gastric 
juice and B12 Co60 on this binding is demon- 
strated in Fig. 3. It will be noted that, 
whereas definite localization of the radioactiv- 
ity occurs when the vitamin and unboiled 
gastric juice are subjected to ‘electrophoresis, 
the radioactivity is not well localized when the 
mixture was boiled. 

Discussion. The data reported herein dem- 
onstrate that gastric juice contains a com- 

ponent, distinct from the major protein com- 
ponents, capable of binding vit. B12. These 
observations of themselves are no evidence 
that this vit. B12 binding fraction is intrinsic 
factor. Using paper electrophoresis under dif- 
ferent conditions of technic and buffer than 
those utilized in our experiments, Latner and 
Ungley(9) found at  least two fractions of 
gastric juice which acted as intrinsic factor 
and were capable of binding vit. BI2 as deter- 
mined by microbiological assay. Differences 
in technic may explain the discrepancy be- 
tween results reported here and those of Lat- 
ner and Ungley et al. (9).  

Summary. 1. Results of paper electro- 
phoresis of mixtures of radioactive vit. B12 
and concentrated human gastric juice demon- 
strate that the radioactive BIZ is bound to a 
component of gastric juice which is not one of 
the major protein peaks and moves toward 
the anode. This behavior of the vit. Blz was 
not noted when it was mixed with saline or 
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FIG.  3. Comparison of localization of radioactivity 
a f te r  simultaneous paper electrophoresis of boiled 
and unhoiled aliqiiots of a mixture of gastric juice 

and  B,, Cow. 

serum. 2. This localization of vit. Blz to a 
specific portion of gastric juice by paper elec- 
trophoresis may be a clue to the further 
identification of the intrinsic factor of Castle. 
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Growth of Deciduomata in Adrenalectomized Rats. (20399) 

JOSEPH T. VELARDO, FREDERICK L. HISAW,* AND ALDEN B. DAWSON.~ 
From the Biological Laboratories, Harvard University, Cambridge, Mass. 

Recent reports by Pomeau-Delille ( 1 ) , 
Swingle et aZ.(2), and Hisaw e t  a L ( 3 )  have 
clearly shown that decidual development can 
proceed in bilaterally adrenalectomized rats. 
The paper by Hisaw et a L ( 3 )  further indi- 
cated that the antimesometrial and meso- 
metrial decidual tissue were histologically 
comparable in intact and adrenalectomized 
rats, and that the metrial glands were indis- 
tinguishable in the two groups as well. The 
present study is chiefly concerned with a series 
of experiments devised to ascertain the differ- 

* This investigation was supported in part by a 
research grant ffrom tihe National Institutes of Health, 
Public Health Service. 

t Aided by a grant from the William F. Milton 
Fund, Harvard University. 

ence in the weights of uteri containing decidual 
tissue from the fifth full day after uterine 
traumatization to the twenty-first day of pro- 
longed pseudopregnancy. 

Procedures. Estrous rats were bilaterally 
adrenalectomized 12 hours after cervical stim- 
ulation(4) and were then divided into 2 
groups. One was given 1 %  NaCl drinking 
solution and the other tap water. Vaginal 
smears were taken daily, fixed in methyl al- 
cohol, and were then stained in Giemsa stain. 
Five full days after electrical stimulation of 
the uterine cervices, both uterine horns were 
traumatized throughout their entire length by 
scratching the antimesometrial surface with a 
burred needle. Laparotomies were performed 
72 hours after uterine traumatization to es- 


