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GENERAL INTRODUCTION AND 

DISCUSSION 

INTRODUCTION 
Oobalamins present in different food 
sources (meat, liver, kidney, egg, milk) are 
bound to proteins. The absorption of the 
vitamin probably results from an orderly 
sequence of events (9). The events prior to 
ileal absorption of the vitamin include, 1) 
the release of cobalamins from dietary pro
teins, 2) the intragastric binding of cobal-
aniins to R-proteins in the gastric juice, 
•i) digestion of R-protein-cobalamin com
plexes by the pancreatic proteases with re
lease of cobalamins, 4) binding of the vi
tamin by intrinsic factor (IF) in the upper 
part of the small intestine. Disturbances 
at any of these steps may cause cobalamin 
malabsorption and vitamin B12 deficiency. 

The cobalamin binding proteins in food 
have been pooriy characterized. In human 
milk R-protein has been suggested to be 
the primary binding protein (51). In rab
bit and rat liver two proteins have been 
shown to bind cobalamins, the methionine 
synthase located in the cytosol and the S-
methylinalonyl-CoA mutase located in the 
mitochondria (35,43). 
Acid gastric digestion appears to be essen
tial for the release of cobalamins from their 
binding to dietary proteins. During the de
velopment of atrophic gastritis it has been 
suggested that the secretion of acid, pepsin 
and IF is decreasing in that order (40). Ac
cordingly in patients with 

atrophic gastritis and after partial gas
trectomy the secretion of gastric acid is 
decreased, but in some patients the IF 
secretion may still be high enough to 
ensure normal absorption of cobalamins. 
This was suggested by Mali mud et al (42) 
who showed that some patients with at
rophic gastritis had low serum cobalamin 
levels despite normal absorption of crys
talline r" Co-labelled cyanocobalamin. Fur
thermore Dosherholmen et al (10) found 
decreased absorption of protein bound 
cyanocobalamin and normal absorption 
of crystalline cyanocobalamin in patients 
with "simple achlorhydria" and after par
tial gastrectomy. The malabsorption of 
protein bound cobalamins was assumed 
to be due to decreased release of cobal-
amins from their binding to food proteins. 
This theory has also been supported by 
studies showing decreased absorption of 
protein bound cyanocobalamin in patients 
with decreased gastric acid secretion af
ter proximal gastric vagotomy (56), dur
ing treatment with Ho-receptor antago
nists (4,50,55,57), and antacids (12). The 
hypothesis has been further confirmed by 
in vitro studies where acid peptic digestion 
was found to release cobalamins from food 
(1,7,45). In vivo studies to test this as
sumption have so far not been performed. 
However, whether secretion of gastric acid 
is essential for the absorption of food cobnl-
amins is uncertain. Thus the test sub
stances used in these studies was " C o -



labelled cyanocobalamin bound to egg or 
to chicken serum; and egg and chicken 
serum were shown to inhibit the absorp
tion of , r , 7Cj-cyanocobalaium in healthy 
and untreated individuals (11,34). Fur
thermore the cohalamin used in these stud
ies was cyanocobaLimin, and cyanocobal-
aniin is not a naturally 
occurring cobalamin (13). Discrepancy 
was also found between the absorption 
of protein bound cobalamin measured by 
different methods. The fecal excretion 
method showed no difference between the 
cobalamin absorption in normal individu
als and patients with achlorhydria. The 
urinary excretion method and the mea
surement of plasma radioactivity, however, 
showed that patients with achlorhydria 
mal absorbed cobalamins (10). 
The proteolytic capacity of the pancre
atic, and intestinal juice is about 90 % 
higher than needed to ensure normal ab
sorption of protein (40). It can there
fore he assumed that reduced cobalamin 
release in an acid gastric juice is compen
sated by the proteolytic activity in the je
junal juice. With increasing age the gas
tric acid secretion has been shown to de
crease (3,36). A decreased serum cobal-
aiuiii level with increasing age might, there
fore be expected. No correlation was, how
ever, found between gastric acid secretion 
and serum cobalamin concentration in el
derly individuals (52). 

The specific cobalamin transport proteins 
in human humours are IF, R-protein (syn. 
cobalophilin, haptocorrin, transcobalmin 
I) and transcobalamin II. These proteins 
have been, in contrast to the binding pro
teins in food, chemically and physiologi
cally defined (22,28,31,44). IF deficiency 
is the cause of cobalamin malabsorption 
in patients with pernicious anemia (18,53). 

The deficiency is caused by reduced num
ber of IF secreting parietal cells follow
ing atrophic gastritis (16,39). In patients 
with partial gastrectomy about 30% de
velop co ba 1 a jiijjj 
jnalabsorption, most of them because of 
IF deficiency (48,54). Until recently the 
theory that cobalamins bind to IF in 
the stomach after their release from food, 
was widely accepted. The theory is sup
ported by two observations: firstly the vi
tamin is released in the stomach where 
IF is secreted, secondly free IF is slowly 
destroyed by pepsin and chymotrypsin, 
whereas binding of IF to cobalamins pro
tects the protein against proteolytic diges
tion (19,23). However, in vitro studies 
by Allen et al (2) and Ouéaiit et al (24) 
showed that cobalamins primarily bound 
to R-protein in the acid gastric juice, and 
that the binding of cobalamins to IF oc
curred in the small intestine after the diges
tion of R-protein by pancreatic proteases. 

AIMS OF THE STUDY 
Several questions remain unanswered con
cerning the intestinal absorption of food 
cobalamins. Doses of radioactive cobal
amins were therefore prepared from rabbit 
livers, and used in experiments to answer 
the following questions: 

1. Does reduced gastric acidity impair the 
intestinal absorption of food cobalamins? 
The question was investigated in healthy 
individuals in whom decreased gastric acid 
secretion was achieved by treatment with 
the potent H2-receptor antagonist, raniti
dine (paper II), and the most potent in
hibitor of the gastric acid secretion known 
so far, omeprazole, (paper V). 

2. Does gastric anacidity influence (he 
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cobalamiu release from food? This was in
vestigated in an in vitro incubation study 
and in vivo where gastric anacidity was 
achieved with omeprazole (paper VI). 

3 . Does gastric anacidity influence the 
binding of food co bala mill? to R-protein 
and IF in the stomach and in the small in
testine? This problem was studied in vitro 
and in vivo, where healthy individuals were 
treated with omeprazole to obtain anacid
ity (paper VI). 

The following three methods had to be 
established in this c-indy. Firtsly doses 
of radioactive food cobalamins were pre
pared from the livers of rabbits who had 
been given repeated injections with " C o 
la belled cyanocobalamin (paper I). Sec
ondly a double isotope fecal excretion 
method for a direct assessment of the 
cobalamin absorption was established (pa
per I). Thirdly it was investigated whether 
the R-protein-cobalamin complex could be 
measured by a cationic exchange chro
matography method (paper HI). 
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GENERAL SUMMARY AND DISCUSSION 

METHODS 
1. Preparation of fond cobalamins. 

In most animals the highest concentra
tion of cobalamins is found in the liver 
(32). We therefore injecied '""Go-labelled 
cyanocobalainin of high specific activity 
into rabbits and prepared a liver ho
mogenate after boiling or frying the liver 
(paper I). Thin layer chromatography (37) 
was used to determine the cobalamin 
forms. High speed centrifugation, ge! fil
tration, and the ability of the radioactiv
ity to bind IF, were the methods used to 
further characterize the liver preparation. 
The main cobalamins were deoxyadenosyl-
cobalamin and niethylcobalamiu, and the 
major part of the radioactivity was incor
porated in vivo in these vwo cobalainiiis. 
Most of the cobalaniiiis were recovered in 
the sediment after high speed centrifuga-
fcio» of the liver homogenate, and the ra
dioactivity in the supernatant was shown 
to be mainly free cobalaniins. A larger 
fraction of the cobalamins was unbound in 
the liver homogenate prepared after boiling 
than after frying. As we wanted to study 
the absorption of food bound cobalamins, 
we used fried liver homogenate for the fur
ther studies. The concentration of the var
ious cobalamin forms and the amount of 
cobalamins i» the liver homogenate were 
comparable with that found by other in
vestigators (I'1')-

2 . Double isotope absorption method. 

In the double isotope fecal excretion 
method (paper I) it is assumed that marker 
and test substance are uniformly mixed 
throughout their intestinal transit. This 
assumption was tested by measuring the 
ratio of the two isotopes in successive stool 
collections (17). The method was further
more correlated to tlfe fecal excretion test 
in healthy individuals, and in patients with 
chronic diarrhoea (25). The reproducibil
ity of the method was assessed in dou
ble assays in healthy individuals. In the 
healthy individuals the ratio of G 7 C o / S i C r 
showed little variation, but in some of the 
patients with chronic diarrhoea the varia
tion was considerable, suggesting a differ
ent intraluminal transport of the two iso
topes. In both healthy individuals and in 
patients with chronic diarrhoea, the corre
lation of the double isotope method to the 
fecal excretion test was highly significant, 
which suggests that the method gives an 
accurate measure of the absorption. These 
findings are in accordance with the re
sults of previous studies where the dou
ble isotope method was compared with the 
whole body counting method (27) and the 
urinary excretion method (29). In those 
studies unbound & 7Co-labelled cyanocobal-
amin was used as test substance, whereas 
in the present study food bound cobal
amins were used. In previous studies it 
has been speculated whether deoxyadeno-
sylcobalamin and methylcobalainin bind 
stronger to the cobalamin transport pro
teins than cyanocobalamin, an event which 
could interfer with the fecal excretion test 
(58). This hypothesis was not, however. 
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supported by the present results. 

3 . Measurement of R-protein-cobalamin 
complex by FPLC Mono S chromatogra
phy-

To study the binding of liver cobalamins 
to R-protein in gastrointestinal juice, a 
method was established using FPLC (fast 
protein liquid chromatography) Mono S 
cat ionic chromatography (paper HI). The 
concentration of the R-protein-cobalamih 
complex correlated significantly with the 
to*al cobalamin binding capacity in saliva 
and with the non-IF-binding capacity as 
measured by the charcoal method (20) 
in gastric and jejunal juice. The recov
ery of the R-proteiii-cobalamin complex 
in samples with high bile concentration 
was dramatically decreased when pH was 
adjusted before °' Co-labelled cyanocobal-
amin was added, but was little influenced 
when cobalamin was bound to R-protein 
before the pH adjustment. The mecha
nism for the interaction of bile with the 
binding of R-protein to cobalamins is not 
known. Bile has also been shown to in
terfere with the IF-assay using hemoglobin 
coated charcoal (61), and T'.o et al have 
postulated an inhibiting effect of the bile 
acids on the cobalamin binding sites on 
IF (!>y)- The IF-cobalamin complex dis
sociated during the chromatography, since 
coba-lamiiis bound to IF eluted as free 
cobalaniins in the first two fractions, and 
high IF-bindmg capacity was found in frac
tion number nine and ten. This indicated 
a good separation of the two binding pro
teins. The reproducibility of the method 
was good. Decreasing the pH to 1.8 in 
n mixture of gastric juice and saliva did 
not cause significant transfer of c.obalamins 
(rem IF to R-protein (unpublished obser
vation), suggesting that the method could 

be used also in samples with neutral pH. 
Compared with other methods such as gel 
filtration (41) and ionic exchange chro
matography (21), the FPLC method 
is rapid with no need of time consuming 
preparation of the samples. 

PRESENT STUDIES 
1. The effect of omeprazole treatment on 
IF-secretion. 

The effect of omeprazole on the secre
tion of IF, gastric acid, and pepsin was 
studied in 10 healthy individuals (paper 
IV). The basal and pentagastrin stimu
lated IF output was unchanged during 
treatment with omeprazole as compared 
with placebo. At the same time the output 
of acid and pepsin significantly decreased. 
Acici and IF are secreted by the parietal 
cell (30). Omeprazole inhibits the H-K-
ATP-ase which has been suggested to rep
resent one of the final steps of the HC1 for
mation (14,49). This enzyme is located 
in the secretory membranes of the pari
etal cell, and the effect of omeprazole on 
the acid and IF secretion indicates a dif
ferent secretory mechanism of acid and IF 
by the parietal cell. Studies of the effect of 
omeprazole on pepsin secretion have shown 
varying results. Festen et al (15) found 
that repeated oral doses of omeprazole in
hibited the basal pepsin concentration, but 
a single dose had no effect on the pepsin 
secretion. Our result compares, however, 
well with the results of Wilson et al (63). 
The strong inhibition of the gastric acid 
and pepsin secietion without reduction of 
the IF secretion makes omeprazole a suit
able drug for testing the effect of gastric 
acid and pepsin on the absorption of food 
cobaiamins. 
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2. Effect of gastric anacidity on the intesti
nal absorption of food bound cobalamins. 

Treatment with ranitidine, a potent Ho-
receptor antagonist, was used to test the 
effect of decreased gastric acid secretion 
on the absorption of liver cobalamins and 
was compared to placebo treatment in a 
double blind parallel] group study in 10 
healthy individuals (paper II). Treatment 
with ranitidine did not inhibit the absorp
tion of liver cobalaniins. This finding is 
in discrepancy to previous studies where 
cimitidine and ranitidine decreased the ab
sorption of , r , 7Oo-labelled cyanocobalamin 
bound to chicken serum (4,50,55,57). 
Since ranitidine does not completely in
hibit gastric acid secretion (62), we wanted 
to study the absorption of food cobalamins 
in subjects with anacidity, i.e. pH higher 
than 0.0 (5,0). We therefore studied the 
absorption of liver bound cobalamins in 17 
healthy individuals treated with omepra
zole or placebo in a double-blind cross
over study (paper V). Gastric anacidity 
was achieved in 14 of the individuals. No 
differences in cobalamin absorption were 
found after omeprazole treatment as com
pared to placebo. The IF concentration 
was measured in gastric aspirates during 
the treatments, and no change was found 
during omeprazole treatment. This result 
supports the results of our previous study 
with ranitidine, and strongly suggests that 
gastric anacidity does not influence the ab
sorption or. food bound cobalamins, indi
cating that the presence of acid and pepsin 
is not essential for the process of absorp
tion. Possible reasons for the discrepancy 
to previous studies might be differences 
in the test substances used, and differ
ences in the absorption methods. Further
more healthy individuals were investigated 
in the present study as compared to pa

tients with duodenal ulcer in the previous 
studies (4,50,55,57). 
The food cobalamins in this study differ in 
important respects from those employed in 
previous studies (4,50,55,57); ftrtsly phys
iological radioactive cobalamins predomi
nated in our liver preparation; secondly 
there may be differences in the cobalamin 
binding to the food sources. One might 
argue that cobalaiuins are more readily re» 
leased from liver homogenate than fro») 
other kinds of food, as proposed by Reizen-
stein et al (47) who found that cobalamin 
was more readily released from liver and 
kidney than from skeletal muscles by acid 
peptic digestion. An adequate absorption 
of cobalaniins bound to liver tissue has, 
however, been reported previously (13,26). 
The double isotope absorption method 
used in this study (Paper I, II, V) is a di
rect method, and is independent of renal 
function, of complete stool collection, and 
of the binding strength of the cobalanuns 
to the binding proteins in serum. When us
ing the fecal excretion method Doscherhol-
men et al (10) did not find any differences 
in the absorption of egg bound cobalamin 
between normal individuals and patients 
with achlorhydria and partial gastrectomy. 
However, the urinary excretion test and 
the measurement of plasma radioactivity 
showed significantly reduced absorption in 
the patient groups. This discrepancy has 
not been clearly explained. 

3 . Effect of gastric anacidity on cobalamin 
release from food. 

The effect of gastric anacidity on the re
lease of cobalamins from liver homogenate 
was tested in an in vitro and in vivo study 
(paper VI). In the in vitro study the cobal
amin release was significantly decreased by 
neutralized gastric juice as compared to 
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Kastric juice at physiological pH (native 
gastric juice). A release of 40% after 60 
min of incubation, however, indicated pro
teolytic activities also in the neutral gastric 
juice. A successive decrease in cobalamin 
release occurred at a pH range from 1.5 
to 4 with no further decrease at pH-values 
from 4 to 7. This finding indicates that 
the cobalamin release was due to pepsin 
mediated proteolysis (5). The results com
pare well with previous in vitro studies by 
Okuda et al (45), Adams et al (1) and 
Cooper et al (7) who found that acid pep
tic digestion promoted the cobalamin re
lease. Remarkable in the present study 
was the rapid release of cobalamins in na
tive gastric juice. Comparison with previ
ous studies is not possible, as the release 
of cobalamins in those studies was mea
sured after at least fiO min of incubation 
(J,7,45). Furthermore Cooper et al (7) sug
gested that the cobalamin release was en
hanced by acid alone, and that pepsin was 
not necessary for the release. This obser
vation was not confirmed by the present 
study. 

In vivo the cobalamin release from liver 
homogenate was studied in a randomized 
double-blind cross-over study in 14 individ
uals treated with omeprazole and placebo 
(paper VI). In twelve of the individuals 
the gastric pH was higher than 6 during 
omeprazole treatment. A significant inhi
bition of the cobalamin release was found 
in gastric aspirates after 5 and 30 min in 
the omeprazole experiment as compared 
to placebo. However, the differences were 
modest. In the jejunal juice the release of 
cobalamins increased to about 90% in both 
experiments indicating that an inhibition 
of the coba.Ir.min release in the stomach can 
be compensated by increased cobalamin re
lease in the intestinal juice. 

4 . Effect of gastric anacidity on cobalamin 
binding to H-protein in the stomach and 
small intestine. 

The amount of cobalamins totally bound 
to bindings proteins in gastrointestinal 
juice was determined by the charcoal 
method, which has been widely used 
to separate unbound and protein bound 
cobalamins (20,33,60). The R-protein-
cobalamin complex was assessed by FPLC 
Mono S chromatography (paper III). (.Ising 
these methods the protein binding of liver 
cobalamins was measured in an in vitro 
study (paper VJ) after incubating liver ho-
inopennte with neutral and native gastric 
juice, and with trypsin. The amount of 
cobalamins totally bound to proteins in 
gastric juice was more than 90% both in 
neutral and native gastric juice, and fol
lowing treatment with trypsin. Most of 
the cobiiiamins were bound to R-protein 
both in the neutral and native gastric juice, 
but the percentage of cobalamiit bound R-
protein was significantly higher in the na
tive gastric juice. After incubating with 
trypsin, the R-protein-cobalamin complex 
decreased significantly. 

The cobalamin binding proteins were also 
studied in an in vivo study. After treat
ment with omeprazole and placebo indi
viduals were given oral doses of liver ho
mogenate containing 5 | Co-labelled cobal-
amins (paper VI), and aspirates were ob
tained from the stomach and the proxi
mal part of jejunum. There were no dif
ferences in the amount of the R-protein-
cobalamin complex in the gastric or the je
junal aspirates in the omeprazole and the 
placebo experiment; except in the 30 min 
gastric aspirates where a modestly higher 
amount of R-prnf ein-cnhalninin complex 
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was found in the placebo experiment. The 
amount of cobalamins complexed to It-
protein was significantly decreased in the 
jejunal juice as compared to the gastric 
juice. Furthermore gastric anacidify did 
not influence the degradation of the K-
protein-cobalamin c wplex in the jejunal 
juice. In the gastric juice about 06 % of 
the cobalamins were bouuo to R-proleiii 
as compared to about 25% in the jeju
nal juice. The results fro») the charcoal 
method showed that the cobalamins in gas
tric and intestinal juice were completely 
bound to proteins. Thus a transfer of the 
cobalamins from R-protein to IF in the je
junal juice is suggested. These results com
pare well with the results of Kapadia et 
al (33) who studied the binding of r ' 7 Co-
labelled cyaiiocobalamin to IF and high-
molecular proteins in the jejunal and ileal 
juice. These results support the suggestion 
of Allen et al (2) that cobaiamins prefer
ably bind to R-protein in th .• acid gastric 
juice and are transferred to IF after the 
degradation of the R-protein by the pan
creatic proteases in the jejunal juice. 

BRIEF SUMMARY 
P a p e r I : fi'Co-labelled cyanocobalamin 
injected in rabbit was transformed within 
the liver to ^Co-labelled desoxyadeno-
sylcobalamin and methylcobalamin. The 
absorption of & 'Co-labelled liver bound 
cobalamins could be determined with ac
ceptable accuracy by the double isotope fe
cal excretion method. 

P a p e r I I : Treatment with the Ho-receptor 
antagonist, ranitidine, did not result in de
creased absorption of 5 Co-labelled liver 
bound cobalamins in healthy individuals. 

Paper III: R-protein a«id the R-protein-
cobalami» complex were determined by the 
FPLC Mono S chromatography method 
with a high degree of correlation to the 
charcoal method in saliva, gastric and duo
denal juice, and with a high degree of re
producibility. 

Paper IV: Omeprazole markedly inhib
ited the gastric acid and pepsin secretion, 
but did not inhibit the IF secretion. 

Paper V: Omeprazole treatment resulted 
in anacidity in 14 of 17 individuals, but did 
not reduce the absorption of liver bound 
0 7 Co-labelled cobalamins. The IF con
centration in gastric aspirates measured 
during the study was unchanged during 
omepiazole treatment. 

Paper V I : a) The release of cobalamins 
from liver homogenate was markedly in
hibited by neutralized gastric juice in vitro, 
probably due to decreased pepsin mediated 
proteolysis. In vivo the cobalamin release 
from liver homogenate was modestly inhib
ited in the stomach but was unaffected in 
jejunum during omeprazole treatment. 

b) The major part of & 7Co-labelled liver 
cobalamins bound to R-protein in acid and 
neutral gastric juice in vitro, and omepra
zole induced anacidity did not influence the 
cubalamin binding either in gastric or jeju
nal juice in vivo. 
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Absorption of Food Cobalamins Assessed by the Double-
Isotope Method in Healthy Volunteers and in Patients 
with Chronic Diarrhoea 

I KITIANG. H. HAMBURG .V H. SCHJØNSBY 
Medical Dept b*. Aker I imersily Hospital, Oslo. Norway 

Kittang E. Jlanihorg B. Schjonsby H. Absorption of fond cohalamins assessed by 
I he double-isotope method in healthy volunteers and in patients with chronic 
diarrhoea. Scand J Gastroenterol 1985. 2(1. 5(KJ-507. 

To make a loud preparation containing radioactivcly labelled eohalainins. rabbits 
were given repeated injections with 'X'o- label led eyanocobalamin. The liver was 
removed, homogenized, and Tried for 1 min or boiled for 30 min. Of the radioactivity 
in the fried homogenate 41.7'r was recovered in the centrifuged supernatant com
pared with 511.S'f in the boiled homogenate. The radioactivity in the supernatant* 
had a molecular size close to that of free ^ Co-labelled cyanocobalamin. Foriy-iwo 
per cent of the radioactivity in the whole homogenale had heen incorporated into 5-
deoxyadenosyl-, 11)'? into methyl-, and \d.f>'"t into hydroxy-cobalamin. To assess 
the \alidity of a double-isotope method for measuring the intestinal absorption of 
doses of the '"Co-labelled liver cobalamins, ""'CrCI, was used as a non-absorbable 
marker. In 14 healthy volunteers the correction coefficient between the absorption 
measured by the double-isotope technique and the faecal excretion test was highly 
significant [r = l).lJo, p •" (1.(1(15). and there was only a small variation in the 4 Co/^'Cr 
ratio in successive stool collections, fn 11 patieus with chronic diarrhoea there was 
a significant correlation between the absorption measured by the double-isotope 
technique and the faecal excretion test (r - I).92, p •-. ().ui)5), but in some patients 
there was considerable variation in the ~"Co/MCr ratio in successive stool collections. 

Key words: Intestinal absorption; Cecal excretion method; rabbit liver; vitamin H, ; 

/;. Kiiumx, M.I)., Mvilical Ih-pi. H, Aker Sykehus, U.V4 Oslo \ Norway 

Vitamin B p is thought to be liberated from its 

binding to food proteins by the proteolytic activity 
in gastric juice. The importance of gastric acid and 
pepsin is illustrated by malabsorption of protein-
bound radioactive cyanocobalamin in patients 
with simple achlorhydria (1,2) and in patients 
during treatment with histamine H :-receptor 
antagonists (3. 4). In these studies protein-bound 
vitamin B, : had been prepared in vitro by mixing 
"^Co-labelled cyanocobalamin with chicken serum 
(2—4) or in vivo hy injecting "Co-labelled cya
nocobalamin in hens, using the radioactive eggs 
(1). The former mixture is not a natural source 
of vitamin Bi:. and ^Co-labelled egg vitamin B i : 

has been shown to inhibit the vitamin B , : absorp
tion (5). Furthermore, the studies were per
formed with labelled cyanocobalamin, which is 

an artificially prepared cobalamin. To study the 
effect of decreased gastric proteolytic activity on 
vitamin B, : absorption, it seems important to 
carry out absorption studies with common food 
sources of cobalamins, in which the cobulamins 
have been labelled with radioactive cobalt in vivo. 

The purpose of this study was to prepare a food 
vitamin B 1 : preparation in which the cobalamins 
had been labelled in vivo with radioactive cobalt 
and to measure their intestinal absorption. Rab
bits were therefore given repeated injections with 
"Co-labelled cyanocobalamin of high specific 
activity. Subsequently, liver homogenates con
taining cobalamins labelled with "Co were pre
pared, and the validity of a double-isotope 
method for measuring the intestinal absorption 
of the labelled liver cobalamins was investigated. 

file:///alidity


Absorption t>1 hunt (ObaUimuw 5U| 

MATERIALS AND METHODS 

Materials 
^Co-labelled cyunocobalamin (specific activity, 

11100-1500 kBq/nmoli and -MCrClj (specific ac
tivity. 59-235 kBq/nmol) were obtained from 
The Radiochemical Centre. Amersham. Buck
inghamshire. UK: capsules containing 0.25 g car
mine red from Ullevål Apotek. Oslo. Norway; 
Sephadex G-150 and Sephadex G-50 superfine 
from Pharmacia Fine Chemicals. Uppsala, 
Sweden; Charcoal Norit "A* from Amend Drug 
and Chemical Co.. Irvington, N.J., USA; and 
normal serum from healthy volunteers. Serum-
coated charcoal was prepared by mixing 1.25 g 
charcoal. 10 ml normal serum, and 90 ml distilled 
water. Gastric juice was collected from patients 
with duodenal ulcers after pentagastrin stimu
lation, depepsinized (6). and stored at -2()°C. 

Preparation of rabbit liver homogenates 
Rabbits were given intramuscular injections of 

0.033 nmol "" Co labelled cyanocobalamin every 
2nd day during a 10-day period. Ten to 12 days 
after the last injection the animals were anaes
thetized with an intraperitoneal injection of 
pentobarbital sodium (Nembutal^*). 50mg/kg. 
and bled by heart puncture. The liver was 
removed, immediately packed in aluminium foil, 
and stored in the refrigerator at 4°C for 1 h. 

Liver homogenates were subsequently pre
pared by two different procedures. In the first 
procedure the rabbit liver was divided into pieces, 
homogenized for 2 min in a Bosch food blender 
at high speed (13,500rpm) together with salt, 
onion, pepper, and water. The homogenate was 
then heated for 30min at (OirC in a water bath. 

In the second procedure small pieces of rabbit 
liver were fried in vegetable oil for 1 min on each 
side in a frying pan. The fried liver was then 
homogenized as previously described, together 
with salt, onion, pepper, and water. Aliquots of 
the liver homogenate were stored at -20°C. 

Percentage radioactivity in the supernatants of (he 
liver homogenates 

To assess the amount of radioactive vitamin 
B t : in the particular and in the non-particular 

fractions of the homogenates. aliquots of the liver 
homogenates were mixed with 50 ml 0.154M 
NaCI. The samples were subsequently cemrifuged 
at 15,000 # for 31) min at 4°C. using a Vacufuge 
high-speed refrigerated centrifuge. The radio
activity in the supernatant and whole homogenate 
was counted, and the radioactivity in the super
natant was calculated as a percentage of the radio
activity in the whole homogenate. 

Molecular size assessed by gel filtration 
The molecular size of the radioactivity in the 

supernutants was assessed with Sephadex G-150 
and Sephadex G-50 superfine. A 2.6cm x K6cm 
column of Sephadex G-150 was calibrated by 
means of Dextran Blue 2000. bovine serum albu
min, and "^Co-labelled cyanocobalamin. Elution 
rate was 15 ml/h. and 0.01 mol/I phosphate buf-
ferinO.I mol/1 NaCI at pH 7.4 wasusedaseluent. 
Fractions of 4.4 ml were collected. A 1.6 cm x 
93 cm column of Sephadex G-50 superfine was 
calibrated with '^l-labelled bovine serum 
albumin. -"^Co-labelled cyanocobalamin, and ]lr,l. 
Elution rate was 30ml/h. and 0.5 mol/l K-phos
phate buffer in 0.1 mol/1 NaCI at pH 7.5 was used 
as eluent. Fractions of 4.4 ml were collected. 

The binding of the radioactivity in the supernatants 
by vitamin B ̂ -binding proteins and intrinsic factor 

Since the gel filtration studies indicated a mol
ecular size of the radioactivity in the supernatants 
close lo free ^7Co-Iabe!led cyanocobalamin. it was 
of interest to ascertain whether the radioactivity 
was capable of binding vitamin B, :-binding 
proteins. The ability of the radioactivity in the 
supernatants to bind vitamin B^-binding proteins 
and intrinsic factor (IF) in gastric juice was meas
ured by the serum-coated charcoal method 
described by Gottlieb (7). Samples of ' Co-
labelled cyanocobalamin CX'oBi;) and super
natants of the liver hom.igenates containing 
11.7pmo[ vitamin B i : were incubated with 81) ul 
depepsinized gastric juice (IF vitamin B, :-binding 
capacity. 62.6pmol/l). Total binding capacity 
was determined with serum-coated charcoal. Sera 
containing blocking IF antibody was used in the 
incubates to determine the IF binding capacity. 
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Determination of vitamin Bt; analogues in the 
lirer homogenate 

The cobalamins were extracted from the super
natant* and the sediments of the liver homo-
genate.s and separated by thin-layer chroma
tography on silica gel followed by bioautography 
(K). 

Vitamin B, : concentration was estimated by 
microbiological assay, using Lactobacillus leich-
ma/mii 313 (ATCC 7830) as test organism. To 
prepare extracts of the homogenates for vitamin 
B, ; assay, 10 g of the homogenate were suspended 
in 60ml of (1.1 mol/1 phosphate buffer. pH5.6, 
containing 154nmoi/l KCN. The homogenate 
was boiled for 30 min at 100°C. cooled, and centri-
fuged. The clear supernatant was used for the 
vitamin B, : determination. The vitamin B i ; con
centration in three different homogenates was 
0.36. 0.35, and 0.36nmol/g liver homogenate 
(mean of five determinations). The recovery was 
93.5%. The specific activity was calculated to be 
3.7kBq/nniol. 

Absorption of food y'Co-labelled vitamin B 1 2 

All absorption studies were carried out with 
the liver homogenate obtained after frying the 
liver. 

Aliquots of the liver homogenate containing 
0.37 to 2.21 nmol of vitamin B,i were mixed in 
50 ml de-ionized water and administered orally 
together with 12.7nmol CrCl 3 and 1.4-8.1 kBq 
5 lCrClj as a non-absorbable marker. At the same 
time 1.0 g carmine red was given as a visible 
marker together with 100 ml de-ionized water. 
All individuals fasted for 10 h before the oral dose 
and for 2h after the dose. Stools were collected 
in separate plastic bags for 7 consecutive days and 
stored at -20°C until further analysed. Patients 
with chronic diarrhoea collected faeces for 1-3 
days until there was no radioactivity in the faeces. 
All stool collections were weighed, and the aver
age daily weight was calculated. 

The stools were incubated in a water bath at 
+ 60°C for 2 h with 2 mol/1 NaOH and then hom
ogenized in a Waring Blendor before being coun
ted. To find whether the ratio 5 7 Co/"Cr was simi
lar in the different parts of the faecal 
homogenates, the ratio was determined in 10 

aliquots of the homogenates from 5 individuals. 
The mean ratios were 0.125 (range, 0.115-0.145), 
0.202 (range, 0.19-0.22), 0.63 (range. 0.63-0.78), 
1.535 (range, 1.42-1.62), and I.S06(range, 1.31-
1.705). The coefficients of variation in these five 
homogenates were 7.0, 6.3, 4.9. 4.8, and 9.5%, 
respectively, with a mean value of 6.6%. 

The radioactivity was measured with a large 
sodium iodine crystal (6 cm X 10 cm). The radio
activity of the homogenates was counted in plastic 
containers, and the volume was always adjusted 
to 200 ml. The counting efficiency at this volume 
was 63.1%. The results were corrected for iso-
topic transfer. 

The absorption of the vitamin B| 2 was assessed 
by the double-isotope method (AB| 2-DI) and cal
culated from the equation 

AB.2-D1 = (1 - Cr D /Co D x Co F/Cr K) x 100<7r. 

where Cr D and Co D are the concentrations of 
"Cr and 5 7 Co in the dose, and CrH and CoK the 
concentrations of "Cr and 5 7 Co in the stool speci
men, which had been coloured by carmine red. 

The absorption of the vitamin B, : was also 
assessed by the faecal excretion test (9). The 
amount of "Co-labelled vitamin Bu excreted dur
ing 7 days was determined and corrected for 5 l Cr 
recovery, and the absorption was calculated from 
the difference between the amount of 57Co-label-
led food vitamin Bj2 administered and the amount 
in the faeces. In 19 absorption tests in healthy 
volunteers the "Cr recovery was 91.7% ± 9.4% 
(mean ± SD) and in 11 patients with chronic 
diarrhoea 74.4% ± 13.9%. 

To determine the dose of food vitamin B ]2 from 
which the highest proportion was adsorbed, four 
different doses were administered to six healthy 
volunteers (Table I). The highest proportion of 
the dose absorbed was obtained with doses of 
0.37 and 0.74 nmol vitamin B l z . In the al -orption 
experiments only results with counting error less 
than 3% were accepted. 

Patients 
The patients studied included 14 healthy vol

unteers (mean age, 31 years; range, 23—49 years) 
and 11 patients with chronic diarrhoea (mean age. 
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Table 1. Dusc effect on the intestinal absorption of food 
vitamin B r : in six healthv volunteers 

Dose administered, 
nmol B| . 

Percentage absorbed 
I mean I SD) 

0.37 
11.74 
1.11 
2.21 

48.6 ±21.8 
34.1 ± 10.2 
26.3 ± 8.4 
10.4 ± 8.4 

52 years; range. 23-70 years). The patients with 
chronic diarrhoea all had a faecal weight higher 
than 200g/24 h and included seven patients with 
Crohn's disease, two patients operated on with 
ileojejunal bypass for obesity, one patient with 
the short-bowel syndrome after small-intestinal 
resecton. and one patient who had been operated 
on with large-bowel resection due to angio-
dysplasia (Table VI). 

Informed consent was obtained from all 
patients. The study was approved by the Ethical 
Commitee of the Norwegian Research Council 
for Science and the Humanities. 

Statistical analysis 
The coefficient of correlation and linear 

regression were calculated with Pearson's formula 

and the least-squares method. A paired Wjlcoxun 
ranked sum lest was used for paired comparisons; 
otherwise a Wilcoxon rank sum test was used. 

RESULTS 

Characterization of the radioactivity in liner 
homogenates 

The percentage radioactivity in the supernatant 
after high-speed centrifugation of the boiled 
homogenates was 50.8 (51.3, 52.7, 48.5, mean 
and individual observations) as compared with 
41.7 (39.7. 43.5) in the supernatant of the fried 
homogenates. 

The molecular sizes of the radioactivitv in the 
supernatants assessed by Sephadex G-150 fil
tration were close to that of free S 7 CoB, ; (data 
not shown). This was confirmed by filtration on 
Sephadex G-50 superfine, in which the radio
activity in the .supernatants eluted in a retention 
volume close to 5 , C o B 1 2 (Fig. 1). The broad and 
biphasic peak of the radioactivity, most dominant 
in the supernatant of the fried liver homogenate. 
indicated that 5 7 CoB, : was partly bound to sub
stances of low molecular weight, possibly to small 
peptides. No evidence of ionic 5 7 Co was found in 
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Fig. 1. Sephadex G-50 superfine chromatography of the radioactivity in the super
natant after high-speed centrifugation of liver homogenate. The peak in the void 
volume represents i : 'I-labelled bovine albumin, and the ]2H peak in fractions 35-
36 represents l ; sI-iodide. (x x) Fried liver; (O—Ol boiled liver; ( • • ) 
, S I . 
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I able Il Ability ul ~"("w-l;tbelled cyanacobalamin (* Co-Bi:) and the radioactivity in the supernatant of hoiled 
and fried Uver homogenaies to bind vitamin Bi:-binding, proteins in gastne juice. Samples containing ll.Tpmol 
lolialumins were incubated wiih S(l ul gastric juice (each determination represents the mean of duplicates) 

Protein-binding capacity ( ;pmol/l) 

Sample 
Total binding 

capacity 
IF binding 
capacity 

~Vo-B]: 

Supernatant of boiled 
liver homogenatc 

Supermtranl of fried 
liver homogenate 

5.6 

3.9 

5.1 

4.9 

3.3 

3.5 

the supernatant, since the radioactivity in the 
supernatant eiuted in volumes before 1 : 5 I . 

The ability of the radioactivity in the super
natant of the fried and boiled liver homogenate 
to hind vitamin B, :-binding proteins and IF in 
gastric juice is shown in Table II. Total binding 
capacity of the supernatant of the fried hom
ogenate was similar to that of S 7CoB 1i. whe/eas 
the binding capacity of the supernatant of the 
boiled homogenate was reduced. The supernatant 
of the fried and the boiled homogenate bound 
slightly less IF than 5 7 CoB, : . 

The results of thin-layer chromatography of 
the sediment and the supernatant of the liver 
homogenate and the distribution of the radio
activity in the whole liomogenate are shown in 
Table III. The major cobalamin forms in the 
sediment and the supernatant were the bio
logically active forms, deoxyadenosylcobalamin 
(coenzyme B,>) and methylcobalamin, and 
hydroxycobalamin. The distribution of the radio
activity in the whole homogenate was similar to 
the distribution of the cobalamins in the sediment 
and the supernatant. More than 50% of 5 7Co had 

been incorporated into methyl- and deoxy-
adenosyl-cobalamin. 16,59f into hydroxycoba-
lamin, 15% into sulfitocobalamtn, and 9.5% into 
an unknown cobalamin form. Thin-layer chroma
tography was repeated in a second liver hom
ogenate, and the results were similar to those of 
the first (results not shown). 

Assessment of the absorption by the double-isotope 
method 

Healthy volunteers. In the double-isotope 
method it is assumed that marker and test sub
stance are uniformly mixed throughout their 
intestinal transit. This assumption can be tested 
by assessing whether the ratio of substance and 
marker is constant in successive stool collections 
(9). The ratio 3 7 Co/ M Cr in successive stool col
lections is shown in Table IV. There was only a 
small variation in the ratio in the successive stool 
collections. Furthermore, the ratio determined in 
the carmine red stool collections was close to the 
ratio in the pool of all stool collections, and the 
mean difference between these two ratios was 
0.1)49 a: 0.05 (SD). 

Table HI. Cobalnmin forms in the sediment and in the supernatant of the liver homogenate and the endogenous!}" 
incorporated radioactivity in Ihe whole homogenate fvaiaes in per cent) 

Sulfito-
cobalamin 

Methyl-
cobalamin 

Cyano-
cobalamin 

Adenosyl-
cobalamin 

Hydroxy-
cobalamin 

Liver sediment 
Liver supernatant 
Radioactivitv* 

17 
10 
II) 

2 
2.5 
7 

61 
61.5 
42 

12 
16.5 

' Non-identified cobalamin = 9.5('< 
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[ ahlc IV. Ratio oi the isotopes ^Co/\ 'Ct in sequential stool collections in four healthy volunteers at two different 
do\es of fond-bound vitamin B,. 

Healihv 

Ratio 'Cn/'Tr 

Healihv Stool colleclior no. 
Dose, 
nmo.1 

volunteer 
no. 

Pool of 
all faeces 

Dose, 
nmo.1 

volunteer 
no. 1 2 3 4 5 6 7 

Pool of 
all faeces 

0.74 1 0.952 0.9.11* 1.033 0.988 — 0.990 
T — — 1.519* 1.545 — — — 1.640 
1 — 1.252 1.251* 1.312 1.159 1.422 1.261 1.384 
4 — — 1.859 1.866 1.880* — — 1.883 

1.11 1 11.866 0.851* 0.851 — — — — 0.879 
2 — — 0.532* 0.579 0.1)44 — — 1)556 
3 — — 0.682 0.724 (1.645 .651* 0.653 0.635 
4 1.427* 1.454 1.413 — — — — 1.428 

' Indicates carmine red-coloured portion; — indicates stool collections with counting error higher (han 3r'. 

The correlation between the absorption meas
ured by the double-isotope technique and the 
fecal excretion test was investigated in 14 healthy 
volunteers with a dose of 0.74nmol food vitamin 
B,_* (Fig. 2). The correlation coefficient (r = 0.96) 
was highly significant (p < 0.005). 

The reproducibility of the double-isotope 
method was assessed by double assays in 10 
healthy volunteers. The mean absorption after 
the first dose was 46.0% ± 15.3% (mean ± SD) 
and after the second dose 49.(1 ± 15.2%. The 

10 30 50 70 

FECAL EXCRETION METHOD 1%ABSORBED) 

Fig. 2. Correlation between the absorption of food 
vitamin B 1 ; measured by the double-isotope method 
and the faecal excretion method in [4 healthv volunteers 
(r = 0.96. p < 0.005; y = I.I9x + 2.57). 

mean difference (3.1%) was not significant, and 
the standard deviation of the mean difference was 
±16.8%. „ 

Patients with chronic diarrhoea. The ratio " C o / 
5 , Cr in successive stool collections in eight 
patients is shown in Tab!-^ V. In three of the 
patients (nos. 3,4. and 6) there was a considerable 
variation in the ratio. The mean difference 
between the ratio in the carmine-coloured stool 
collection and in the pool of faeces was 
0.075 ±0.11 (SD). 

The absorption assessed by the double-isotope 
method and the faecal excretion test in all 11 
patients with chronic diarrhoea is shown in Table 
VI. There was a high degree of correlation 
between the two sets of measurements (r = 0.92. 
p < 0.(X)5). 

DISCUSSION 

Liver homogenate 
Of the radioactivity in the fried liver hom-

ogenate nearly M% was recovered in the centri-
fuged sediment -md 4tlc/r in the supernatant. The 
results also indicated that the vitamin Bi; in the 
supernatant was of small molecular size; pre
sumably the vitamin Bl2 was unbound or partly 
bound to small peptides. 

Since heating is known to liberate vitamin B l : 

from its binding to proteins (10), it is suggested 
that boiling and frying the liver resulted in partial 
release of vitamin B, : from their binding sites. 
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Tabic V. Ratio of the two isotopes '"Co,- *'Cr in sequential stool collections and in ilie pool of ull stool collections 
in eight patients with chronic diarrhoea 

Dose. 

Rat io " C o / "Cr in slool col lccl i i j n 

Paiicnt Dose. No. No. No. No. No . No. Pool of 
no. nmol 1 - i 3 4 5 6 ull faeces 

1 11.37 11.248- (1.221 0.259 — _ _ 0.188 
•< 11.37 — 11.323" 11.307 0.287 0.347 0.335 0.330 
1 (1.74 0.624* «.55(1 0.388 — — — 0.522 
4 11.74 (1.099 (1.(166* (1.012 — — — 0.057 
s (1.74 o.208 (1.186* (1.174 0.166 — — 0.168 
( l (1.74 — 1.(158 0.654 L O W (1.966 — 0.777 
7 11.74 O.N57* D.N60 11.825 — — — 0.752 
X 11.74 11.528 0.586- 0.559 0.522 — — 0.599 

Indicates red-colon red stool collection; — indicates stool collections with counting errors higher than 3 

Cooking for 30 min resulted in a higher release 
than frying for 1 min. Presumably, the degree of 
release is related to the length of time of the 
heating process. Since the most important vitamin 
B i : sources—meat, liver, and eggs—are ingested 
after boiling or frying, it is suggested that the 
distribution of radioactive vitamin B , ; in the pre
sent homogenate is similar to that in prepared 
foods. 

The results also show an almost complete trans
fer of tht injected -^Co-labelled cyanocobalamin 
into other cobalamins. The predominant "Co-
labelled cobalamins were the biohgieally active 
forms >deoxvadenosvl- and methvl-cobalamin. 

and hydroxycobalamin. Only a small amount of 
the radioactivity recovered in the liver hom
ogenate was identified as ?7Co-labelled cyano
cobalamin. 

Other investigators also have prepared liver 
homogenates from animals after oral adminis
tration of h , 1Co (11) or after injection of "Co-
labelled cyanocobalamin (' *\, and measured the 
vitamin B, : absorption. Nevertheless, the coha-
lamins in those preparations were not identified. 

This liver homogenate appears to differ in 
important respects from the food vitamin B i : 

preparations used in recent studies of vitamin B I : 

absorption—that is, chicken serum-bound 

Table VI. Absorption of food vitamin B, : assessed by the double-isotope method and hy the faecal excretion 
method in 11 patients with chronic diarrhoea 

Faecal weight 

Absorption in per cent 

Pulienl Faecal weight Double-isotope Faecal excretion 
no. Diagnosis (g/24 h) method method 

1 Large-bowel re.seclion 345.3 44.0 49.9 
2 Crohn's disease 201.3 6.1 3.9 
3 Crohn's disease with 

intest. resect. 
5391.2 (1 2.4 

4 ileojcjurtal shunt 625.6 31.9 47.6 
.s Crohn's disease 588.4 6.3 15.3 
6 llcojejuna! shunt 479.4 34.0 53.3 
7 Short-bowel syndrome 3391.9 0 11.3 
8 Crohn's disease 273.3 21.0 15.2 
o Crohn's disease with 

intesl. resect. 
303.1 16.5 21.9 

10 Crohn's disease 842.3 (1 6.4 
11 Crohn's disease 1133.0 7.4 0.4 



'"CoB,; (2-t) and "CoB, ; bound by egg yolk (5). 
One difference is the cobalamin form, which in 
those studies was S7Co-labelled cyanocobalamin. 
Cvanocobalamin is not a naturally occurring coba-
larnin. although its absorption is IF-mediated. 

Another difference is the degree of binding of 
the vitamin Bi: by 'food'. In those investigations 
*"CoB,; was mixed in vitro with either chicken 
serum or egg yolk, resulting in complete binding 
of the cyanocobalamin by food proteins. 

It is possible that these differences might be 
important for the results of absorption tests in 
patients with reduced peptic activity of gastric 
juice. 

Assessment of vitamin B1: absorption by the 
double-isotope method 

The results in healthy volunteers show that the 
'"Co/ 'Tr ratio was almost identical in sequential 
stool collections (Table IV). This suggests uni
form mixing of the two isotopes in the intestinal 
contents (1.1). Furthermore, the absorption cal
culated from the >JCop'Cr ratio in the carmine 
red-coloured stool collection was significantly cor
related with the absorption assessed by the 
standard faecal excretion test (Fig. 2). This sug
gests that the double-isotope method gives an 
accurate measure of the absorption of ^Co-label
led vitamin B i : from doses of liver homogenate. 
This is in agreement with other studies of the 
double-isotope technique using free -"^Co-labelled 
cyanocobalamin as the dose (14. 15). 

In patients with chronic diarrhoea (Table V) 
the isotope ratio in sequential stool collections 
showed considerable variation in a few patients, 
suggesting a difference in the intraluminal trans
port of the two isotopes in those patients. It is 
therefore suggested that for accurate meas
urements of vitamin B 1 : absorption in patients 
with diarrhoea, the absorption should be cal
culated from the ratio in a pool of sequential stool 
collections and not from the ratio in a single stool. 

The 5 l Cr recovery was significantly lower in 
patients with chronic diarrhoea compared with 
the healthy volunteers. The reason is uncertain. 
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but there might be retention of the marker in 

the patients with d ia r rhoea , as suggested by the 

results in Table V. H e n c e in some of the pat ients 

the ratio " C o / M C r was high in the first stool 

collections and decieased in the following stool 

collections. 
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The Effect of Ranitidine on tlie Absorption of Food 
Cobalamins 

H HAMHOKCi. h. Kl'ITANCi A: H. SCHJØNSBY 
Mi.-tlri.iil Dfpt H. Aker I'nivcrsM) Hospital. Oslo, Norway 

Hamborg B. Kittang E. Schjonsby H. The effect of ranitidine on the absorption of 
food eobalamins. Scand J Gastroenterol 1985. 20. 756-75X. 

Che efteei of the histamine H :-recepiur antagonist ranitidine on the absorption of 
lood cobalamins was investigated in 20 healthy volunteers randomized to treatment 
with ranitidine or placebo for I week. Liver homogenates containing cobalamins 
labelled in vivo with cobalt-57 was obtained by repeated injections of '"Co-labelled 
eyanocohalumin in rabbits. Test doses (0.37 nmol) of the '"Co-labelled liver coba
lamins were administered orally together with ' 'CrCl, and carmine red. and the 
absorption of "Co-labelled cobulamins was assessed from the ratio of the two isotopes 
in i he stool collection thai had been coloured bv the carmine red. There was no 
significant difference in the mean absorption before (47.4^ ) and after (50.7 r /) ihe 
treatment. 

Kev words: H .-receptor blocker; intestinal absorption; vitamin B ! : 

Bjørn Humhorg, M.D., Medical Depl. B. Aker University HospitaL O.slo 5. Sony, y 

Previous studies have shown that histamine ll:-

reccptor antagonists do not influence the absorp
tion of crystalline cyanocobalamin, but during 
recent years it has been proposed that the treat
ment with histamine H :-receptor antagonists can 
lead to malabsorption fWT'MH! vitamin Br_'. Mencv 
cimclidine was tound in impair the absorption of 
"to-labelled cyanocobalamin bound to chicken 
serum (1.2). Nevertheless, the source of coba
lamins in these investigations was c unocoba-
lamtn. which is an artificial substance not present 
in food (3). Furthermore, the labelled doses were 
prepared in vitro, and chicken serum is not a 
normal dietary source. Hence it is still uncertain 
whether histamine H^-receptor antagonists 
impair the absorption of food cobalamins. 

We have therefore prepared a liver paste con
taining endogennusly ^Co-labelled cobalamins 
and have subsequently measured the cobalamin 
absorption after oral administration of the paste 
before and during oral treatment with the his
tamine H ;-receptor antagonist ranitidine. 

MATERIALS AND METHODS 

Materials. "^Co-labelled rabbit liver homogen-
ate was prepared as described in detail elsewhere 
(4). Briefly summarized, rabbits were given intra
muscular injections with 57Co-labe])ed cyano-
cobaiimin cver\ second dny foi 71 veeks. and at 
the end of the 3rd week the livers were homo
genized and fried together with onion and spices. 
The liver paste thus obtained had a specific 
activity of 3.7 kBq ^Co per 1 nmol cobalamins. 
The distribution of labelled cobalamins in the 
liver paste as assessed by thin-layer chroma
tography and bioautography (fi) was as fallows: 
methylcobalamin. 10% ; deoxj adenosy 1 cobala
min. 42%; hydroxycobalamin, 16.55?; sulfitoco-
balamin, 15%; cyanocobalamin, 7%; and an un
identified cobalamin, 9.5% . When the liver hom-
ogenate was centrifuged (15,(XX)g for 30 min), 
60.3% of the radioactivity was recovered in the 
deposit. The radioactivity in the supernatant 
(39.7% of the total radioactivity) was shown to 
be unbound cobalamins. 

http://Mi.-tlri.iil
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Stt'asuretnt'Hts t>f rttumin HI: ahsorpiion. The 
absorption nt vitamin B , ; was determined by a 
double-isotope technique*, using incomplete stool 
collection as described elsewhere (4, f>). Doses 
of liver paste containing 0.37 nmol '"Co-labelled 
cobalamins were administered together with 
12.*7 nmol " : CrChasa nonabsorbable marker and 
1.11g carmine red as a v isibie marker. The absorp
tion of vitamin B-j was calculated from the ratio 
of the two isotopes in the stool collection that had 
been most intensely coloured by carmine red. 

Inrt'sfiiiiitire procedure. Twenty healthy vol
unteers were randomized to treatment with 
placebo or ranitidine. The study was carried out 
double-blind. Ten persons (6 women and 4 men: 
age range. 21-42 years) were given oral treatment 
with ranitidine (I5ilmg twice daily) for 7 con
secutive days, whereas 10persons (7 women and 3 
men; age range, 22-3K vears) were given placebo. 

To determine the absorption of vitamin B , : 

before and during the treatment, the doses of 
""Co-labelled vitamin B ) : were given with an 
interval of at least 10 days. The second dose of 

Co-lahelled vitamin B i : was administered 1 h 
after the last do.se of the druu. 

RI-Sl'l.TS A M ) DISCl'SSION 
The absorption of vitamin Bi? before and after the 
treatment with ranitidine and placebo is shown in 
Fig. 1. The mean absorption before treatment 
(47.4 z. h.O';. SliM) was not significantly dif
ferent from the mean absorption after 1 week ot 
ranitidine treatment (50.7 ± }.hr'<). Nor did the 
mean absorption change after placebo treatment. 
These results suggest that the histamine H -recep
tor antagonist ranitidine does not reduce the 
absorption of physiological forms of vitamin B , : 

in food. 
There is a discrepancy between our results and 

the results obtained by Steinberget al. (1). Salom 
et al. (2). and Belaicne et al. (7). The first two 
groups found reduced vitamin B , : absorption 
after administration of cimetidine. and Belaiche 
et al. after administration of ranitidine. The cause 
of the discrepancy is uncertain, but certain dif
ferences between the studies may be of import
ance. These investigators used labelled cyano-
cabalamin. which is not a naturally occurring 
cohalamin |4). in contrast to the present studv. 
in which the physiological cobahunins methyl-, 
deoxyadenosyl-, and hydroxy-cobalamin pre-

RANITIDINE PLACEBO 
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Fiji. 1. The absorption of f nod cohulamins be fort and during oral treatment wilh 
ranitidine or placebo. Mean values are indicated wilh horizontal lines. 
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dominated Another difference is the nature of 
the binding of the cohalamins to the 'food'. In the 
present study the rahhit liver had been homo
genized and fried for a SK;T! period, resulting in 
a h\cr preparation in which Wri ot the radio
activity sedimented during centrifugation. This 
mu\ be due to its binding to subcellular organ
elles, whereas the remaining 4() r; of the radio
activity consisted of free cobalamins. The homo-
genization and heating of the liver may possibly 
have resulted in a food preparation from which 
cobalamins are readily released when the food 
interacts with gastric juice. 

In contrast, the labelled cyanocobalamin in the 
three other studies had been completely bound 
hv vitamin B!-binding proteins in vitro. Hence 
it is feasible that reduced proteolytic activity after 
treatment with cimitidinc and ranitidine (1.7) 
resulted in impaired absorption of chicken serum-
bound vitamin B , : . whereas after treatment with 
ranitidine in the present study there was sufficient 
peptic activity to release liver-bound cobalamins. 
Theoretically, ranitidine and cimetidine could 
have different effects on gastric secretion of aciif. 
pepsin, and intrinsic factor. However, both cime
tidine and ranitidine in therapeutic doses mark-
edlv reduce the gastric secretion of acid and pep
sin (S. 9). The intrinsic factor secretion is also 
reduced after administration of the two drugs, but 
not to the same extent as the acid secretion (7. 1(1). 

A third difference is the method used for esti
mating the absorption of vitamin B , ; . In the for
mer studies the urinary excretion test was used. 

Received 20 October lyS4 
accepted lfi Novemhci 19S4 

This is an indirect method, which depends on a 
normal renal lunction and complete collection of 
the urine. The method used in the present study 
is a direct method, which does not need complete 
collection of the faeces and is independent of the 
renal function. 
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Determination of the R-protein and the 
R-protein-vitamin B12-complex in saliva and 
gastrointestinal juice by FPLC Mono S cationic 
chromatography 

E. K I T T A N G , P . T O R J E S E N & H . S C H J Ø N S B Y 

Medical Department B and Hormone Laboratory, Aker University Hospital, Oslo. Norway 

Kittang E, Torjesen P, Schjønshy H. Determination of the R-prolein and the 
R-protein-vitamin B^-complex in saliva and gastrointestinal juice by FPLC 
Mono S cationic chromatography. Scand J Clin Lab Invest 1985; 45: 237-244. 

The binding of vitamin B,: to the two vitamin B P binding proteins—intrinsic 
factor and R-protein—in gastrointestinal juice is pH dependent. It is therefore 
of importance that binding studies are carried out at pH values near the 
physiological pH of the gastric juice. In the present study the vitamin B ! : 

complexes of the two vitamin B^ hinders were separated at a pH of 1.8 using the 
cationic exchange chromatograph Mono S attached to the fast protein liquid 
chromatography (FPLC) system. The R-protein concentration was measured in 
saliva and gastric juice with high accuracy and with highly significant correlation 
compared to the serum-coated charcoal method of Gottlieb. The method 
showed a decreased recovery in duodenal juice and in samples with high bile 
content. 

Key words: bile; cobalamin; duodenal juice; gastric juice; haptocorrtn; intrinsic 
factor; vitamin B| 2 binding 

Eirik Kittang, Medical Department B, Aker University Hospital, Oslo 5. 
Norway. 

The association constant for "Co-
cyanocobalamin ( S 7CoB|i) to the two vitamin 
B,2 binding proteins in gastrointestinal juice— 
intrinsic factor (IF) and R-protein (also called 
haptocorrin, cobalophilin, transcobalamin I)— 
ir pH dependent. When pH was decreased to 2, 
Allen et al. [1] found that the association 
constant for the binding of -"C0B12 to R-protein 
increased to 50-fold more than that of IF. 
Hence, in studies concerning the binding of 
vitamin Bi2 to IF and R-protein, it is of great 
importance to measure the IF-B|2-complex and 
the R-protein-B|2-complex at pH levels close to 
the physiological pH of gastric juice. A separa
tion of the IF-B12-complex and the R-protein-

B]2-complex can be done using gel filtration |2] 
which can be carried out at pH 2 and below [3|. 
The interpretation of this separation is compli
cated by the frequent reflux of pancreatic 
proteases into the gastric juice, which leads to 
degradation of the R-protein into smaller mole
cules which co-elute with the IF-B,3-complex 
[4]. Radioimmunoassays using > 7 CoB, : as in
dicator have been used to determine the IF-B|i-
complex and the R-protein-B ^-complex [5, 6]. 
These assays have to be carried out at a pH 
close to neutral, which is far from the physiolo
gical pH in the stomach, and are therefore less 
suited for binding studies in the gastric juice. 

When the pLs of the two vitamin Bi2 binding 
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proteins arc considered (IT-1.S3-5.73. salivjrv-
R-protein 2.7 >V) |7 | . ion-exchange chroma-
logiapln or isoelectric focusing seem to be the 
methods of choice tor the separation of IF from 
the R-protein |7 | . At pll conditions similar lo 
those in the gast ric juice, cationie exchange 
chromatography seems to he useful. 

In a pilot siutlv. liver-hound Co labelled 
vitamin BL> in doses of 0.74 nmol vitamin B|i 
was administered in 511 ml distilled water, and 
samples of gastric juice aspirated after 30 min 
showed pi 1 \allies of 1.4±0.l (meaniSHM; 
n-V). The aim or this Miuly was to establish a 
method to separate and quantify the R-protein-
H r-complex in the gastric juice at a pll found 
in the pilot study. We have used the Mono S 
HR/R cationic exchange chromatography 
column based on monodisperse beads, which 
allows fast and reproducible chromatographic 
runs, combined to the fast protein liquid 
chromatography (FPLC) system developed by 
Pharmacia. 

M A T F R I A 1 . S 

Reagents. The cationic exchange chromato
graphy column Mono S 1IR/R was obtained 
prepacked from Pharmacia Fine Chemicals 
(Uppsala. Sweden), and attached to the FPLC 
system developed by Pharmacia. The supply of 
"* CoBji with a specific activity of 2(W kBq/nmol 
was obtained from The Radiochemical Centre. 
Ameisham. Bucks.. UK. Rabbit R-protein 
antibody was a kind gift from Dr lihha Nexø. 
Rikshospitalet. Copenhagen, (ioat antibody to 
rabbit gamma-globulin was obtained from Cal-
hiochem. Bearing Corp.. La Jolla. Calif.. USA. 
Charcoal Norit A from Amend Drug and 
Chemical Co.. Irvington. N.J.. USA, IF-
antibody .serum from patients with pernicious 
anaemia, penlagas'-in (Pcptavlon) from ICI 
Pharmaceuticals Division. Cheshire. Fngland. 
secretin from Kabi AB, Stockholm. Sweden, 
and Aero I.C 13 filter. 0.45 [mi. from Cielman 
Sciences Inc.. Ann Arbor, Mich.. USA, apro-
tinin (Trasylol1"), 20.000 KIU (kallikrein in
hibiting units)/ml. from Bayer AG. Lever-
kusen. FOR. 

Buffers. Three buffers were used in the 
present study. Buffer A {pll 1.8) contained 
0.01 mo|/| citrate HC1 and tl.OI mol/l NaCi. 
Buffer B (pll l).2) contained 0.02 mol/l ethano-

lamine and I.II mol/l NaCI. A.MI\ buffer: 0.05 
mol/l K-phosphate. pll 7.4. contained 0.1 mol-'l 
NaCI. 0.2".. BSA and 0.05 mol/l N:iN (. 

(iastrointestinal juice, saliva aml hile. (ia-aric 
juice was obtained from patients alter penlagas-
Irin stimulation fpcnlagastrin 6.0 ng/kg vi\) 
The gastric juice was collected on ice and 
filtered. No special precautions were taken to 
prevent the swallowing of sali\a. Duodenal 
juice was collected on ice from patients during a 
standard secretin test (secretin 1 K.F./kg). The 
samples were stored at -20 C urtlil further 
analysed. Ten ml of .saliva was collected from 
healthy volunteers. Human bile was aspirated 
from a gall bladder after cholecysteclonn. 

Before application on Mono S. 2 ml of gastric 
juice, duodenal juice or .sali\a were incubated 
tor 10 min at room temperature will) 0.12lJ 
nmol of ""VoB|- (diluted with c\anocohalamin 
to a specific activity of 10 kBq<'nmol|. The pll 
Wiu then adjusted to 1.8 with either 1 moll 
NaOlI or 1 mol/l I ICI. and the sample was 
filtered through an Aero I.C 13 filter. 

To study the recovers of sali\ary-R-proiein. 
1 ml of saliva was mixed with 1 ml of cilher 
gastric or duodenal juice. The effect o\ bile on 
the determination of R-protein was investigated 
by adding different amounts ol bile to sali\a. 
The mixtures were incubated and filtered as 
mentioned above. 

M F T H O D S 

R-protein determination on Mono S cationic 
exchange chromatography. The column was 
equilibrated with Buffer A. Samples of 0.5 ml 
was applied and the column was washed with 
5 ml Buffer A, then eluted with a 0-100% linear 
gradient of Buffer B (12+12 ml) with an 
operating pressure het ween 2.5 and 4.0 MPa. 
The column was then eluted with 5 ml Buffer B 
and re-equilibrated with 5 ml Buffer A. The 
flow rate was 2 ml/minute. Fractions of 2 ml 
were collected. The whole procedure was car
ried out at room temperature. 

The concentration of R-protein was calcu
lated from the radioactivity in fractions d and 7 
or d, 7 and 8. The R-protein concentration was 
expressed as nmol/l units, as I mole R-proiein 
binds 1 mole cobalamin. 

del filtration on Sepluuh'x (i 2tH) was per
formed in a 1.6X83 cm column at T C using 
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Bullet A as elucnt. Saliva and standard gastric 
liiicc incubated with "" CoBi; and free ^ C'oB,: 
were used for tru.* calibration of the column. 
The flow rate was h ml/h and tractions of 4.4 ml 
were collected. 

The total vitamin Hr-hi/ulint< capacity of 
saliva, gastric and tldodeual juice, and the 
IF-vilamin B|.-binding capacity of gastric and 
duodenal juice, was measured using the im
munological method described by Gottlieb |K] 
using charcoal coated with serum obtained from 
healtln individuals. The R-protein concentra
tion in gastric and duodenal juice was calcu
lated from the difference between the total 
vitamin B, * binding capacity and the ((-"-vitamin 
B,> binding capacity. 

The immunological identification of ilw 
R-pnUfhi in tlif fractions. Following Mono S 
chromatography of gastric juice and saliva, the 
pi I in the fractions was adjusted to 7.4 with 1 
mol/l NaOII. Fraction 7 (0.5 ml) was mixed 
with (1.5 ml of R-protern antibody. 0.5 ml of 
assay buffer and 11.125 ml of <S"I. rabbit serum. 
After mixing, the samples were incubated for 
24 h at 4" ('. and for another 24 h after addition 
of 0.25 ml goal anti-rabbit gamma-globulin. 
After centrifugation at 25110 X g for 2(1 min at 
4 C the precipitates were counted. All tests 
were carried out in duplicate. 

llnhfitintl" rvunocohalami/i was identified by 
adsorbing the radioaclivitv to serum coaled 
charcoal [S|. After adjusting the pi I in the 

fractions from the Mono S chromatograph to 
pi I 7.4. I ml of fraction 1 was mixed with (J. 125 
ml assay buffer ami 0.5 ml ol serum coated 
charcoal. Aller eentrifugation at 3000 rpm for 
20 min at 4 ('. the radioactivity in the super-
nalanls was counted. 

Radioactivity of ** Co was counted in a I2S2 
C'ompugamma Universal gamma counter 
(l.KB. Wallac. Turku. Finland). Only values 
with a counting error of less than 3".. were 
accepted. 

Statistical analysis. The correlation coeffi
cient and linear regression were calculated 
using the formula of Pearson mul the least 
square method. Otherwise, the Wileoxon 
paired ranked sum test was used for statistical 
analysis. 

R F S U L T S 
Characterization of the radioactivity in the frac
tions after Mono S chromatography 
Samples of saliva and gastric juice were incu
bated with "^t oB| ; at a concentration below the 
vitamin B,.--binding capacities ot the samples. 
When separated by Mono S cationic chroma
tography, the radioactivity edited as one peak 
(fraeiions no. d and 7) when saliva was applied 
on the column, and as two distinct peaks 
(fractions no. i and 2. and fractions no. h and 7) 
when gastric juice was applied on the column 
(Fig. I). When unbound ^ CoB L . was applied to 
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Fit;. I. Mono S cationic chromatography of saliva (S) and gastric juice (OJ). 
(x x: " C o cpm. O O: pH gradient. : theoretical N a d 
gradient. Fractions of 2 ml were collected.) 
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the column, the radioaetn ilv fluted in tractions 
in». 1 and 2 I data not shown). 

These findings were reproducible for all 
samples of gastric juice and saliva tested, 
indicating that s VoBi ; hound to R-protein 
eluied in the second peak and free ^C'oB,: 
eluted in the first peak. 

'Ille percentage immunoprecipitation of the 
radioactivity in peak 2 with rabbit R-protein 
antibody. When gastric juice (n = 5) was applied 
to the column the percentage immunoprecipita-
tion of peak 2 was 94% (78-95) (median and 
range), and when one sample of saliva was 
applied to the column, the percentage im-
munoprecipitation was 95%. The percentage 
immunoprecipitation of the radioactivity in a 
mixture of gastric juice and ""CoBii was 8%. 
Hence, more than 90% of the radioactivity in 
peak 2 was bound to R-prolein. 

The adsorption of the radioactivity in peak / 
to wrutn coated charcoal. When gastric juice 
(n = 4) was applied to the column. 97% (96-97) 
(median and range) of the radioactivity was 
adsorbed to serum coated charcoal, and when 
duodenal juice (n = 3) was applied on the 
column 94% (94-97) (median and range) was 
adsorbed. 

del filtration studies. When peak 1 after 

12 16 20 7L 28 32 36 £0 U. i8 52 

FRACTION NO 

Fit;. 2. Gel filtration on Sephadex (i 2(H) of peaks 1 
and 2 from Mono S chromatography of gastric juice. 
( x x ; p e a k 1. O O: peak 2. Buffer: 0.01 
mnl/1 dtrale-HC'l, pH I.S. containing 0.01 mol/l 
NiiCl. The arrows indicate where s 7 C o B i r R , 
•"C'oB,2-IF and " C o B , , are etuted. Fractions of 4.4 
nil were collected.) 

Mono S chromatography of gastric juice was 
filtered on Sephadex CI 2(H). the radioactivity 
eluted in the same retention volume as un
bound "CoBi-. Gel filtration of peak 2 resulted 
\\\ elution of the radioactivity in the same 
retention volume as salivary R-protein bound 
to S7CoB,> (Fig. :>. 

Both the gel titration and immunoprecipita-
tion experiments indicated that the radioactiv
ity in peak no. 2 was bound to R-protein and 
that the radioactivity in peak no. I was free 
S 7 CoB,,. 

Determination of the IF-vitamin B/ybt'nding 
capacity at pH 7.4 in the different fractions after 
Mono S cationic chromatography of four gastric 
juices showed high IF-concentration in fraction 
10. The IF-concentration was 23. 38. 29. and 33 
nmol/1 units when estimated from the IF con
centration in fraction no. 11), ascomparedto31. 
3H. 51, and 61 nmol/l units, respectively, when 
measured directly in the gastric juices. Thus 
cyanocobalamin dissociated from IF during the 
Mono S chromatography run. The chroma
tography results for one of these gastric juices 
are shown in Fig. 3. 

To study the effect of low pH on the binding 
oP 7C'uB|j to IF, > 7 CoBi: bound to gastric juice 
was filtered on Sephadex G 200 using Buffer A 
as cluent. The radioactivity eluted mainly as IF 
hound " 7 CoB i : . 

The Mono S chromatography of gastric juice 
was repeated with a Buffer A with pH increased 
to 3.6 and 5.6. No change on the dissociation of 
5 7 CoB 1 2 from IF was observed. Neither did 
increasing amounts of unlabelled cyaiiocobala-
min in the buffer system affect the dissociation 
of , 7 CoB| 2 from IF. 

Accuracy experiments 

By diluting saliva in Buffer A to different 
concentrations, the recovery of salivary-R-
protein varied from I04%-I23%. 

The recovery of salivary R-protein mixed 
with gastric juice from six patients ranged from 
92%-119% with a median of 106% when 
measured with Mono S chromatography. The 
recovery of salivarv-R-protein mixed with a 
gastric juice which was alkaline (pH 8.2) and 
bile stained was. however, only 46%. 

The recovery of salivary-R-protein added to 
duodenal juice from six different patients is 
shown in Table I. The recovery ranged between 
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FRACTION NO 
Fic;. 3. Mono S chromatography of gastric juice incubated with "CoB, :. 
(x x: ^Co cpm, O O: pH gradient, 9 • : IF-vitamin B i rbinding 
capacity (nmol/l units); : theoretical NuCI gradient). 

7",. and (M% with a median of 15%. When the 
protease inhibitor, aprotinin. was added to the 
samples of duodenal juice from 12 patients to a 
final concentration of 2(100 KlU/ml. the recov
ery of salivary R-protein varied between 54% 
and 102% (median value 7b%, Table I). 
Increasing the concentration of aprotinin to 
4.000 KlU/ml did not further improve the 
recovery (data not shown). 

The recovery of salivary R-protein after 
mixing with different concent cat ions of human 
gallbladder bile is shown in Fig. 4. When 
human bile was added to the saJiva- , S 7CoB|i 
mixture, the recovery of salivary R-protein 
decreased with increasing bile concentration 
(Hg. 4, unbroken line). The adjustment of the 
pll to 1.8 leads to a marked precipitation in the 
samples with the highest bile concentrations. 

and to a decrease in radioactivity of the 
applicates. When corrected for this decrease in 
radioactivity in the applicatcs. the recovery was 
found to be about 100%. The adjustment of pi I 
to 1.8 in the saliva-bile mixture before adding 
'"CoBii lead to very low recovery of R-protein 
(Via,. 4. dotted line). 

A similar incubation was performed using 
two different rut biles, and the results were 
identical to those obtained with the human bile 
(data not shown). 

Salivary R-protein was obviously denatured 
bv bile at low pll. The denaturalion was 
counteracted hy adding '^CoB,: to the saliva-
bile mixture before adjusting pH. 

The radioactivity in peak 1 was found to be 
free ^ 7( 'oBi : . and no unbound vitamin B|_> 
binding capacity was found in peak 2. 

I \nn I. Keen wry »>J .saliva R-protein mixed with duodenal juice from six patients without prior addition ol 
aprotinin and from 12 patients after addilion of aprolinin. Values arc expressed as median and range 

Duodenal iiaee 
(no. I 

Aprotinin K-pmlein measured Theoretical R-proteiu 
|2(HIU k i t .ml) [nmol/| units) (nmol/l units) 

2.2 |l).S-IK.7) 
13.s ilo.o-ls.'O) 

13.7 (ll. 'MX.X) 
IS.5 (IS.ft-19.S) 

Recovery 
(percentage) 

14 (7-W) 
7ft (54-102) 
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Fu.. 4. The effect of gallbladder bile on the recovery 
of salivary R-protein. In the I'irsi experiment. ""0>H ,_,-
treated samples of saliva were prehiciihaled with bile 
at pH l.S and Mono S chromatography performed 
(unbroken line), hi the .second experiment samples of 
saliva were prcmixed with bile and pi I was adjusted 
tn l.S. Subsequently ""CoH,. was added and the 
samples were liltered by Mono S chromatography 
(dotted line). 

The between-assay variation for the measurc-
nient of saliva R-protein was determined from 
sis consecutive Mono S chromatography mils of 
the same sample of saliva. The mean concentra
tion i>| R-protcin was W nniol/i units with a 
coefficient of variation of 4.4".. . 

Correlation between the results obtained hy 
Mono S chronntiographx and serum-coated 
charcoal method of (iualieh 

«-prote in concent ration in saliva from 2! 
healths soUmleers as assessed hy the method of 
Got t l ieb was 2') nmol/l units i.* ( m c a n i S F M ) 
and 27 nmol/l u n i t s l ^ as assessed hy the 
chromatography method ( p > l l . ( ^ ) . The cor
relation between the two mcdiods was highly 
significant (r = ll. lM. p « U H I S : y=(). l Mx+ tl.5'M 
The concenlrat ion of K-prolein measured hy 
Mono S chromatography was °-4"<>±3 
( m e a n ± S F M ) of the concentration measured 
In the method of ( io t t l ieb. 

The R-protein concentrat ion was measured 
in gastric juice obta ined from 21 patients after 
peiitaga^trin stimulation. The concentration as 
assessed by the method of Gott l ieb was 15 
nrnol/l units i 2 as compared to 13 nmol/l 
u n i t s ! I as assessed by chromatography. The 
correlation between the two sets of measure
ments svas highly significant (r = O.W\ p « U H ) 5 : 

s-IKSOx + M.SW). The concentrat ion ol K-
protein measured In ehnuna tog iap ln svas 
S2"n. i? ( n i e a n i S l M ) of the concentration 
meas iued In the method of Got t l ieb. 

The mean concenlrat ion of R-proiein in 
duodenal juice obtained alter secretin stimula
tion in 12 patients measured by the Mono S 
chromatography method was l.h umol/l 
unils±D.4 while the concentration measured bv 
the method of Gott l ieb was _>.4 nmol/l 
u n i t s i l f . x There was no significant correlation 
between the two sets of measurements (r = ().2M. 
P>I ) .2 ) . 

When R-protein measurements were carried 
out U\ six samples of duodenal juices mixed with 
aprot inin. the mean concentrat ion svas 1.11 
nmol/1 units 10.1 as assessed by chromato
graphy and .V2 nmol/l units 1 O.h as assessed by 
the method of Got t l ieb. The correlation was 
significant (i^-O.NJ). p--1)1)5; \ _-MJW\ -Hl.45). 

D I S C U S S I O N 

Characterization of the radioactivity in the trac
tions after Mono S ciootuatographv 

The R-protcin vitamin U| • complex ehilcd as a 
single peak by the Mono S chromatography. 
The results o | specific imnuinopreeipitation 

.studies ami gel filtration suggest that the 
radioactivity in this peak is idenlical with the 
"* C'oH|;-R-pro(cin complex. The first radio
active peak was free ' " ("o l i , , as suggested by 
adsorption o\ I he radioactivity to serum-coated 
charcoal and by gel filtration studies. II'-
s itnmin B | --binding capacits s\as lound in 
fraction no-. 10. well separaled from the I wo 
radioactive peaks, indicating a good separation 
of the two vitamin B|> binding proteins and a 
total dissociation of " C o B L - from IK 

Whs "" C o B r dissociates Irom IF during the 
Mono S chromatography is noi known. It could 
he due lo acid pi I during the performance of 
the chromatography. Several groups have 
shown that low pU decreases the affinity of 
' V o l l , . , to IF | 1 . <>. 10|. On the other hand 
Hippe found little effect ot low pH on the 
binding strength of > C o l i , . of IF during 
Sephadc.x G 2011 (Titration [ l l | . The results of 
the present study also showed that the vitamin 
B L - IF complex did not dissociate when the gel 
filtration was carried out at pJ 1 l .S. One might 
speculate that the binding of ^ v 'oB|>-lF com-
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plcx lo the active sites on the Mono S chroma
tography column in some way results in the 
dissociation of "" C o B L ; I'rom IF. 

Accuracy experiments 

High recovery olsal ivary R-protein was found 
when saliva was added to different gastric 
juices. On the other hand, there was low 
recovery of sain arv R-prntein when saliva was 
added to duodenal juice. However, incubation 
together with the protease inhibitor, aprotinin. 
increased the percentage recovery trom 14.N1'.» 
to 7(1.3".. (median values). This indicates that 
the low recoven is due to the proteolytic 
activity in duodenal juice. This is in accordance 
with the results of Al len a al. | 11. who showed a 
rapid transfer of "~ C o B ^ from R-protein to IF 
after incubating with trypsin, chymotrypsin and 
elast ase. Accordingly, for determination of 
R-protein. duodenal juice should he aspirated 
into tubes containing protease inhibitors. 

The results of the experiments where bile was 
added to saliva suggest that bile decreases the 
reciuerv of .saliva R-protein. The recovery 
decreased more in samples acidified before 
adding " CoB,* than when saliva had heen 
hound by ^ C o B ^ prior to acidification. This 
indicates that binding of " C o B i ; to R-protein 
prevents the effect of bile on the R-protein. The 
nature of the inhibiting effect of hile on the 
R-protein is not known. Possibly, the R-protein 
was denatured by a combined effect of acid pN 
and the detergent action of bile. Non-specific 
vitamin B^-hinding by bile has been proposed 
to explain the interference of bile with the 
haemoglobin-coated charcoal assay for vitamin 
B , ; binders [ I2 | . Non-specific B| :-binding by 
bile appeared not to occur during Mono S 
chromatography since the radioactivity not 
bound to R-protein eluted as free '""'CoB^, and 
unbound vitamin Bi j-hinding capacity w-as not 
detected in fraction 7 after chromatography of 
saliva mixed with bile. 

Correlation between the results obtained with 
Mono S chromatography and the serum coated 
charcoal method of Gottlieb 

Comparison of the R-protein concentration 
measured by Mono S chromatography and by 
the charcoal method showed a high degree of 
correlation in the measurements carried out in 

sali\a and gastric juice (correlation coefficients 
of (l."4 and 11.96 respectively), whereas the 
correlation coefficient between the two 
methods in duodenal juice was IKXO when 
aprotinin was added. Nevertheless, the \alues 
obtained b> chromatography were lower than 
those found by the charcoal method. This 
difference can partly be explained b\ the 
vitamin B ! : binding capacity in the serum added 
to the samples in the radioassay. It is also 
theoretically possible that the R-protein con
centration is overestimated by the charcoal 
method, since the caculation of the R-proiein 
concentration is based on the assumption that 
there is no class of vitamin B , : binders in 
gastrointestinal fluids other than R-protein and 
IF. 

The Mono S chromatography method for 
determination of R-protein i.s a simple and 
reproducible method which docs not need 
time-consuming preparation of the samples. 
Furthermore, a specific antibod\ is not required 
in the assay. The results suggest that the 
method can he used to measure R-protcin-B,-. 
complexes at acidic p l t within the physiological 
pi I range in gastric juice. This is of the utmost 
importance in studies concerning the binding of 
vitamin B , : to R-protein and I I ' in gastric 
juice.The results also suggest thai Mono S 
chromatography gives an accurate measure o\' 
R-prolein concentration in saliva. However, 
there was a considerable variation in the 
recovery in duodenal juice. This suggests that 
Mono S chromatography can he used for 
quantifying the vitamin B|>-R-protcin complex 
in duodenal juice only when recovery correc
tions are carried out. 
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Effect of omeprazole on the secretion of intrinsic factor, 
gastric acid and pepsin in man 
I-: KITTANG. E A A D L A N D . AND H SCHJØNSBY 

From Medical Department B. Aker University Hospital, Oslo, Norway. 

SUMMARY The effect of an intravenous infusion of omeprazole ((135 mg/kg) and placebo on 
basal and stimulated (pentagastrin !•() ;ug/kg/h) secretion of gastric acid, intrinsic factor and 
pepsin was studied in 10 healthy male subjects. Omeprazole caused a marked inhibition of basal 
and stimulated acid output. The inhibition of pepsin output was less marked, but also significant. 
The output of intrinsic factor, however, showed no significant change. The results indicate that 
acid and intrinsic factor might have different secretory mechanisms within the parietal cell. 

Omeprazole (5-methoxy-2(((4-methoxy-3-.'>-
dimethyi-2-pyrydinyl)-methyl)sulphinyl)-lH-
benzimidazole). which is the most effective of the 
substituted benzimidazoles. is a potent inhibitor of 
acid secretion in isolated parietal cells.' isolated 
castric glands. : as both in animals-1 and in man. 4 5 

These drugs inhibit gastric acid secretion by a 
mechanism different from antisecretagogues known 
so far. and studies have provided evidence that 
omeprazole inhibits the enzyme H + K + -ATP-ase, ( 1 7 

which is suggested to be the proton pump of the 
parietal c e l l . " 

Intrinsic factor1" as well as gastric acid is secreted 
by the parietal cell. Inhibitors of gastric acid 
secretion such as histamine H2 receptor 
antagonists" t } as well as atropine 1 4 have been 
shown to reduce intrinsic factor secretion. Whether 
or not omeprazole inhibits intrinsic factor secretion 
is. however, not known. 

The present investigation was undertaken to 
measure the effect of omeprazole on acid and 
intrinsic factor secretion. The effect of omeprazole 
on pepsin secretion was also measured, since 
previous studies have shown different results. 1 5"' 7 

Methods 

s iBJixrs 
Ten healthy male volunteers (mean age 26 years, 
range 21-37 years) gave written informed consent to 
the study. The study was approved by the Ethical 

LsponiiL-nic I)r I. Kilning. Mediail Di'piirmi 

i I.* JuK tIM 

Committee at Aker University Hospital. Oslo. 
Norway. 

The gastric acid concentration was measured bv 
titration with 0-1 M NaOH to pll 7-4 using an 
automatic titrator (Radiometer. Copenhagen. 
Denmark). 

Aliquots of the gastric juice were depepsiniscd hv 
adjusting the pH to 10 with 1M NaOH. After 311 
minutes the pH was adjusted to 7(1 with I M NaOl I 
and stored at -2()°C.' S 

The intrinsic factor concentration was measured 
by the method of Gottlieb using intrinsic factor 
antibody from patients with pernicious anaemia.1'' 
The concentration of intrinsic factor in the gastric 
juice was expressed in U/ml. where 1 unit is the 
amount of intrinsic factor bound to I ng 
57co-cyanocobalamin. The variation of duplicates 
in the assay was found to be 1-7X'V ±l)-22'r (mean 
variation coefficient ±SD). and the between assay 
variation coefficient Il-K' :r. The samples from the 
omeprazole and the placebo experiments were 
analysed in the same batch. 

Pepsin concentration was measured by the 
method of Berstad"" using human haemoglobin as 
substrate, and samples with pH exceeding (ill were 
excluded from the statistical analysis of the pepsin 
data. 

The samples for pepsin and gastric acid 
determination were kept refrigerated until analysed. 

Aliquots containaing 61-3 mg omeprazole 
dissolved in 6-13 g polyethylenglyeol (MW 4(10) 
were stored at -20°C until used. Before use 
omeprazole was diluted in fv7 mmol/l NafK'O, to 
a final concentration of 4 mg/ml. (v 13 g 
polyethylenglycol diluted in 6-7 mmol.'l NaHCO< 
was used as placebo. 
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Omeprazole on the secretion ot intrinsic facto/, gastric acid and pepsin in man 

I 'KiH I | ) l K! 

The subjects fasted overnight. At S urn agastric tube 
was positional with its tip in the distal part of the 
stomach under fluoroscopic control. The subjects 
swallowed 200 ml of water, and the contents of t ie 
stomach were immediately aspirated. Omeprazole 
0-35 tnt! kg or placebo was infused intravenously tor 
li\e minutes in a double blind manner. One hour 
later an intravenous infusion of pentagastrin 
(I*epta\lon. KT, Pharmaceuticals Division. 
Cheshire. LIK) at a dose ot 1-0 (Ug/kg/h was started 
and continued for 411 minutes. The gastric juice was 
aspirated by continuous suction, and collected on ice 
irt l> minute portions. Outputs of intrinsic factor 
and acid were calculated from measurements carried 
out in aspirates obtained during the 60 minute basal 
period and the 4(1 minute period when pentagastrin 
was infused. The pepsin data were calculated from 
the last (ill minutes with pentagastrin. 

Before and after termination of the experiments. 
Hood and urine samples were taken for routine 
laboratory tests. (Blood: ESR. Hb. Ik t . RBC. 
WBC. differential count, thrombocytes. AS AT. 
Al.AT. alkaline phosphatase, bilirubin, Na + . K*. 
CI . C a : ' . creatinine, bicarbonate. Urine: glucose, 
p r o t e i n . haemoglob in and mic roscopy) . 
Omeprazole was well tolerated as no significant 
changes were observed in laboratory values. Neither 
were any side effects because of omeprazole seen or 
reported by the subjects. 

The results were presented as mean values and 
SI.M. A paired Wilcoxon's ranked sum test was 
used tor statistical analvses. and p values «MJ5 
were regarded as significant, 

Results 

U I I ) S i t Kl- I I O N 

Both basal and pentagastrin stimulated gastric acid 
output was significantly inhibited by omeprazole. 
(Figure I b). The inhibition of basal acid output 
increased subsequently during the whole basal 
period, indicating that the inhibition recorded was 
not maximal. The inhibition of stimulated acid 
output was 74-l'f ±>2'V (mean ±SLiM; p<l)lll). 
and was because of a significant inhibition of both 
ii" concentrations (mean inhibition 39-0r7 ±4-.V'; ; 
Figure I a), and volumes of gastric juice (mean 
inhibition 541'r ±4(/V }. 

IN I K I N S I C I-A C I ()K SI C K ! 1 I O N 

Both basal and stimulated concentration of intrinsic 
factor was higher after omeprazole infusion than 
after placebo, whereas the output of intrinsic factor 
did not significantly change (Figure 2 a. b; Table). 
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i ' h l ' S I N SKCKI-: I I O N 

In the basal period omeprazole caused a marked rise 
in pH in gastric juice that exceeded b in several 
samples. As pepsin is irreversibly degraded at pH 
above n,-1 the pepsin data from the basal period 
were considered unreliable and was excluded from 
the statistical analvses. During pentagastrin 
stimulation mean pepsin output decreased from 
125-3 mg + 7-4 nig (placebo) to 74-6 mg±(v3 mg 
after omeprazole (p<(H)l) whereas the mean pepsin 
concentration increased from 413 mg'l±34 mg.'l 
(placebo) to H17 mg,'l±IW mg-'l after omeprazole 
(p<0-lll; Figure 3 a. h). 

Discussion 

The potent inhibitory effect of omeprazole on acid 
secretion was confirmed in the present study when 
stimulating the secretion with u submaximal dose of 
pentagastrin 11-0 Mg'kg-h: Fig 1 a.b). The output of 
intrinsic factor was unchanged after omeprazole 
(Table. Fig 2 b). The concentration of intrinsic 
factor in the gastric juice increased, prohablv 
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I ahlc Husui and penntgastn/i I t'gl \iin\idawd intrinsic tailor concentration and intrinsic factor output after an intravenous, 
infusjon of' omeprazole and placebo (Meant SEM I ins - not significant) 

Intrinsic factor i Ulli •titration ft mi) < urnuLilixf tntrttw C filCtt* output 

ltll.\ul r* fitiMiIll (<f)nun) f't> it 'tttnum 

Omi'pta/nlc 
I'l.Kvh,. 

P 

4 1 0 - 4 1 
2S-1 + U-5 

X 2 4 t 1K-5 
42-(>±U-5 
•ctl-ill 

2474+541) l ."14i .M72 
Ut4M±:il5l 

because of reduced volume secretion. Hence, the 
results show that omeprazole, at a dose causing 
marked inhibition of acid secretion, hus no effect on 
basal and pentagastrin stimulated intrinsic factor 
secretion. The effect of maximal doses of 
omeprazole on intrinsic factor secretion is. however, 
not known. 

As the parietal cell is the site of both acid and 
intrinsic factor production.1" the different effect of 
omeprazole on intrinsic factor and acid secretion is 
of interest. It is known that omeprazole interacts 
with the enzyme H f K'-ATP-ase. which is located 

in the secretory membrane of the parietal cell," and 
appears as such to be a peripheral step in the 
secretory mechanism of hydrochloric acid. The 
different effect of omeprazole on acid and intrinsic 
factor secretion therefore support the hypothesis 
that acid and intrinsic factor have separate svercton 
mechanisms in the parietal cell. 

Intrinsic factor is essential for normal absorption 
of vitamin B, : . One might therefore expect that 
omeprazole treatment should he without effect on 
absorption of vitamin B 1 : . Nevertheless it has heen 
proposed that achlorhydria or hypoehlorhydria 
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might i educe the absorption ut tood-hound vitamin 
M, . e \ cn in presence ot sufficient amounts ot 
intrinsic factor to ensure normal absorption of 
unbound vitamin H k - . " : h has been shown that 
t r e a t m e n t wi th t h e h i s t a m i n e H_<-receptoi 
antagonists cimetidinc and ranitidine reduced the 
absorption of radioactive cvanocobalamm bound 
to chicken s e r u m . 1 ' ' but has no effect on the 
a b s o r p t i o n of u n b o u n d r a d i o a c t i v e 
cvat iocohalamm. ' ' Whether or not omeprazole 
inhibits the absorption ot vitamin \ii: still remains to 
be in\estimated. 

I'he result., also show a modera te inhibition of 
pcnta i i .Mt in s t imula ted pepsin output ;f-ig 3 
a . b ) . The i n h i b i t i o n ol p e p s i n o u t p u t 
(^X-2't \~i II'r ) was less marked than the inhibition 
ot acid output (74- V i ± 5 - 2 ' ; ; p<(MM). During the 
pentaeastrin stimulation the pepsin concentrat ion 
markedly increased, probably as an effect of 
reduced volume secret ion. The present results are in 
agreement with those reported in man hv Wilson ct 
ul.r 

I he mechanism by which omeprazole inhibits 
pepsin secretion is unknown. Fryklund c( at1'' found 
that omeprazole did not inhibit pepsinogen released 
in isolated zymogen cells from rabbit mucosa, 
whereas the formation of acid in isolated parietal 
cells was strongly inhibited. The inhibition of pepsin 
secretion can therefore not be explained h\ direct 
omeprazole interaction with the pepsin producing 
cells. It might be speculated whether the inhibition 
ot pepsin secretion could be an effect secondary to 
the inhibition of acid secret ion, a theory supported 
In I hidings that topical application of hydrochloric 
acid stimulates the secretion of pepsin in vitro2* as 
well as in healthy man. ' ' ' 

We wish to thank Or A Heistad for kindly 
performing the pepsin measurements . The stud v 
was supported by AM Hassle. Molndal . Sweden. 
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The Effect of Omeprazole on Gastric Acidity and the 
Absorption of Liver Cobalamins 
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Kittang E, Aadland E. Schjonsby H, Røhss K. The effect of omeprazole on gastric 
acidity and the absorption of liver cobalamins. Scand J Gastroenterol I9S7. 22. 156-
160 

The effect of gastric anacidily on the absorption of food-bound cobalamins is uncer
tain. Omeprazole, an inhibitor of the enzyme H-K-ATPasc in the parietal cell, is the 
mosl polent inhibitor of gastric acidity known so far. In 17 healthy male volunteers 
the absorption of liver-bound cobalamins was assessed after a single intravenous dose 
of omeprazole (80 mg) or placebo in a double-blind, crossover manner. The effect 
of omeprazole on pH. gastric acidity, and intrinsic factor (IF) concentration was 
measured in aspirates of gastric juice 5 min before and 30 and 60 min after the 
administration of liver homogenatc containing 0.74 nmol of ̂ Co-labelled cobalamins. 
Omeprazole treatment resulted in anacidity tpH values above 6.0) in 14 individuals 
30 min after the liver dose and in 15 individuals after 60 min. The IF concentration 
was unchanged in the omeprazole experiment as compared with the placebo exper
iment. The absorption of liver-bound cobalamins was 3I0pmol (189-501 pmo!) in 
the omeprazole experiment as compared with 415 pmol (150-549 pmoll in the placebo 
experiment (median values and range, p = 0.522S). We suggest that anacidily induced 
by omeprazole does not reduce the absorption of liver-bound cobalamins. 

Key words: Anacidity; intrinsic factor: vitamin B i : 

£7riA Kittang, M.D.. Medical Oepl. B, Aker University Hospital, 05N Oslo. Norway 

Cobalamins present in foods are bound to The influence of hypochlorhydria and achlor-
proteins. and in vitro studies suggest that the hydria on the absorption of food cobalamins is 
cobalamins are released from their bonds by the therefore still uncertain. 
presence of acid and/or pepsin (1-3). In recent The effect of anacidity on the absorption of 
years a form of vitamin B, 3 malabsorption has food cobalamins might be studied by using a drug 
been reported, which is believed to be due to the that induces anacidity and at the same time does 
inability to liberate cobalamins from food. This not impair intrinsic factor (IF) secretion. Ome-
has been described in patients with partial gas- prazole, an inhibitor of the enzyme H-K-ATPase 
trectomy and in patients with achlorhydria and in the parietal cell (11). is the most potent gastric 
hypochlorhydria due to chronic gastritis (4,5). acid inhibitor known so far. It is long-acting and 
Furthermore, the H2-receptor antagonists, cime- has been shown to maintain gastric pH at a mean 
tidine and ranitidine, have been shown to level of 5.3 during the day (9). In a recent study 
decrease the absorption of 57Co-labe]Ied cyano- omeprazole did not decrease pentagastrin-stimu-
cobalamin bound to chicken serum (6-8). lated IF secretion in healthy men, and the inhibi-
However, these results have been difficult to tory effect on the pepsin secretion was less marked 
explain, since gastric pH values remain below 4.0 than on the gastric acid secretion (12). Ome-
in most patients after H2-receptor antagonists (9). prazole therefore seems well suited for studies of 
Furthermore, in a recent study we showed that the effect of anacidity on the absorption of food-
the absorption of liver-bound cobalamins was bound cobalamins. We investigated the effect of 
unchanged after treatment with ranitidine (10). omeprazole, as compared with placebo, on the 
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absorption of food cobalamins in 17 healthy 
volunteers. Doses were prepared from a liver 
homogenate in which the cobalamins had been 
labelled with cohalt-57 in vivo, and the cobalamin 
absorption was measured by using a double-
i.sotope faecal excretion test (13). 

MATERIALS AND METHODS 

Materials 
I.iver homogenate containing ^'Co-labelled 

eohalamins was prepared as described previously 
(13). Briefly summarized, rabbits were given 
repeated intramuscular injections with ^Co-
labelled cyanocohalamin (specific activity, 1000-
1500kBq/nmol; The Radiochemical Centre. 
Amersham. Bucks.. UK), and after 10 days the 
liver was homogenized. The homogenates were 
washed in de-ionized water and centrifuged at 
15.000,1; for 30 min (Sorval R6 R4 superspeed). 
The supernatant was discarded, and doses con
taining 0.74nnio]/l cobalamins were prepared 
and stored tit -20 CC until used. 

Biochemical methods 
Intrinsic factor concentration was determined 

by the serum-coated charcoal method, using IF-
antibody serum from patients with pernicious 
anaemia (14). Gastric acid concentration was 
determined by titration with 0.1 mol/l NaOH to 
pH 7.4. using an automatic titrator (Radiometer, 
Copenhagen. Denmark). Anacidity was defined 
as pH values greater than 6.0 (15). 

Experimental procedure 
The subjects fasted from 2200 h the previous 

day. At 0800 h an indwelling cannula for intra
venous infusion was inserted into a forearm vein. 
Omeprazole (80 mg) or placebo was given in a 
randomized double-blind, crossover manner. The 
dose was administered as an intravenous infusion 
lasting for 10 min. A nasogastric tube was posi
tioned, under fluoroscopic control, with its tip in 
the most distal part of the stomach. One hour 
after administration of the drug the stomach was 
emptied. The liver homogenate was administered 
orally together with "CrClj, 1 g of carmine red. 

and 150 ml de-ionized water. Five minutes before 
and 31) and M) min after administration of the liver 
homogenate 5 ml of gastric juice was aspirated 
for determination of gastric pH, gastric acidity, 
and IF concentration. The gastric juice was col
lected on ice and centrifuged at 30(X)rpm for 
II) niin. Two ml of the supernatant was used for 
determination of pH, acid, and IF concentration. 
The rest of the aspirate was reinstilled in the 
stomach through the gastric tube, to minimize loss 
of radioactivity. The samples for IFdetermination 
were depepsinized by increasing the pH to 10 for 
30 min by means of 1.0 mol/l NaOH. The pH was 
subsequently adjusted to 7.0, and the samples 
were stored at -2()°C. The samples for gastric 
acid determination were stored at 4°C. The radio
activity of the tubes, syringes, and I ml of the 
supernatant of the gastric aspirate was measured 
to calculate loss of radioactivity. Stools were col
lected, and the radioactivity in the portion that 
had been most intensely coloured by carmine 
red was counted by using a large sodium iodine 
crystal. The cohalamin absorption was calculated 
from the ratio , 7 Co/ 5 'Cr in the dose and in faeces 
(13). 

Subjects 
Eighteen male volunteers participated in the 

study. One of the volunteers found the exper
iment unpleasant and withdrew from the study 
after the first experiment. Of the 17 subjects 
completing the study the median age was 26 years 
(range. 22-38 years) and the median weight 
71.5 kg (range, 60-88 kg). In four subjects the 
second experiment was carried out 10 days after 
the first experiment. However, omeprazole was 
withdrawn from clinical studies owing to the result 
of toxicologic studies (16). In 13 individuals, 
therefore, the second experiment had to be post
poned. According to laboratory studies and clini
cal examinations after 1 year, these individuals 
were healthy, and with no intercurrent diseases 
during the year. It was assumed that factors 
known to influence the absorption of vitamin 
B 1 2 , such as IF secretion, gastric acid secretion, 
pancreatic secretion, and intestinal epithelial 
function, were unchanged after this time interval. 
It was therefore decided to perform the second 
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lest when omeprazole again was available for 
clinical studies after 1 year. 

The subjects were examined before and after 
the study. This comprised clinical examination, 
electrocardiographic study, and laboratory tests, 
including haemoglobin, blood counts, electro-
Is tes, liver function test, and creatinine. The urine 
was examined for albumin and glucose. Adverse 
effects were registered during and after each 
experiment. Omeprazole was well tolerated, and 
significant changes were not observed in the 
laboratory values. Nor were any side effects 
observed or reported by the subjects. 

The study was reviewed by the local ethical 
committee of Aker University Hospital. Written 
informed consent was obtained from all 
volunteers. 

Statistical methods 
The results were presented as median values 

and range. Statistical evaluation was performed 
with a two-sided Wilcoxon rank sum test for 
paired observations. /* values <0.05 were con
sidered significant. 

RESULTS 

Gastric acidity 
The results of pH measurements in gastric 

aspirates obtained 5 min before and 30 and 60 min 

10 

8 

6 
-IT ' 0 

• 
U 

2 

0 

- - * - ° -ir 
1 

- 5 30 

MINUTES 

60 

m 20 -

- 5 30 60 
M1NUTE5 

Fig. 2. Gastric acid concentration (mmol/l) in aspirates 
5 min before and 30 and 60 min after the administration 
of liver homogenate. Symbols as in Fig. I. 

Fig. 1. pH in gastric aspirates 5 min before and 30 and 
60 min after administration of the liver homogenale. 
(O) Omeprazole; (•) placebo. Individual and median 
values (horizontal lines). 

after the administration of liver homogenate are 
shown in Fig. 1. At each time interval the pH of 
gastric aspirates was significantly increased in the 
omeprazole experiment as compared with the 
placebo experiment [p< 0.001). In the ome
prazole experiment the pH was increased to 
values greater than 6.0 in 14 individuals 30 and 
60 min after the liver dose. The gastric acid con
centration of the same samples are shown in Fig. 
2. At each time interval the acid concentration 
was markedly decreased in the omeprazole exper
iment as compared with the placebo experiment 
{p< 0.001). In most of the omeprazole experi
ments the acid concentration was zero. 

Intrinsic factor concentration 
The unbound IF concentration is shown in 

Fig. 3. The median IF concentration was slightly 
increased after omeprazole as compared with pla
cebo, but not to a significant level. 

Cobalamin absorption 
The median cobalamin absorption in the ome

prazole experiment was 310 pmol (range. 189-
501 pmol), as compared with 415 pmol (range. 
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Fig. 3. Unbound IF concentration (nmol/l) in gastric 
aspirates 5 min before and 30 and 60 min after adminis
tration of liver homogenate. Symbols as in Fig. 1. 

150-549 pmol) in the placebo experiment (p -
0.5228, paired Wilcoxon rank sum test) (fig. 4). 
The ratio between the absorption after ome
prazole and that after placebo was calculated in 
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Fig. 4. Cobalamin absorption (pmol) in 17 healthy men 
after omeprazole and placebo infusion. Symbols as in 
Fig. 1. 

each patient. The mean ratio was 0.98, with a 
90% confidence interval of 0.84-1.12. 

DISCUSSION 

The results show that omeprazole treatment 
resulted in gastric anacidity (pH values above 
6.0) in 14 out of 17 subjects but had no effect on 
the absorption of liver-bound cobalamins. The 
results of previous studies have suggested that 
cobalamins are released from the binding to food 
proteins through the effect of acid and pepsin ( 1 -
3). The peptic activity in the gastric juice has been 
suggested to be abolished when the pH exceeds 
4.0 (17). Why anacidity had no influence on the 
absorption of liver cobalamins is uncertain. Our 
livt: doses had been prepared by frying and 
homogenizing the liver, and these procedures 
might have changed the binding sites and facili
tated the release of cobalamins, but Adams et al. 
(3) did not find any effect of cooking on the 
release of cobalamin from homogenized rabbit 
liver. Although the results of this paper indicate 
that anacidity had no effect on the release of 
cobalamins, it is nevertheless uncertain whether 
this release occurred in the stomach or further 
down the smal! intestine. 

The results of this investigation are in accord
ance with a previous study in which ranitidine 
had no effect on the absorption of liver-bound 
cobalamins (10) but are in disagreement with 
several studies of the effect of H2-receptor antag
onists on the absorption of chicken serum-bound 
cyanocobalamin (6-8). The reason for this dis
crepancy is not fully understood, but there are 
some differences between the studies. Binding in 
serum chicken probably involves two cobalamin-
binding proteins (18), and one of these proteins 
may be identical with R-protein. The exact man
ner in which H2-receptor antagonists impair the 
absorption of chicken serum-bound cyanoco
balamin is, however, not known. 

The studies also differ in the forms of cobal
amins used. Cyanocobalamin, which was used 
in the chicken serum studies, is not a naturally 
occurring cobalamin (19). In contrast, in the 
present study the physiological cobalamins 
methyl-, deoxyadenosyl-, and hydroxo-cobal-
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amin predominated. It does not. however, seem 
likely that the difference in cobalamins could 
explain the discrepancy. Hence, the intestinal 
absorption of cyanocobalamin and the physio
logical cobalumins deoxyadenosyl-, methyl-, and 
hydroxo-cobalamin is of the same magnitude (20). 
Hi-receptor antagonists also inhibit the IF 
secretion but not to an extent that causes cobal-
amin malabsorption (21-23). 

This study suggests that gastric anacidity does 
not impair the absorption of liver-bound cobal
amins. Release ofcobaiamins from liver therefore 
appears io be independent of gastric anacidity. 
Liver-bound cobalamins do. however, represent 
only one form of food cobalamins. There may be 
a variable requirement for release of cobalamins 
depending on the food source (such as liver, 
muscle, kidney). 
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Effect of Gastric Anacidity on the Release of Cobalamins 
from Food and Their Subsequent Binding to R-Protein 
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Kittang E, Schjonsby H. Effect of gastric anacidity on the release of cobalamins; from 
food and their subsequent binding to R-proiein. Scand J Gastroenterol 1987. 22. 
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Rabbit liver homogenate. labelled in vivo with , T Co, was used to investigate the effect 
of anacid gastric juice on the release of cobalamins from food and on the cohalamin 
binding to proteins in humans. The cohalaniin release «as investigated in vitro by 
incubating the liver homogenate with native and neutralized gastric juice. Tiie 
cohalamin release and the amount oteohalamins bound to R-protein were significantly 
higher with native than with neutralized gastric juice. To investigate the effect of 
anacidity on cohalamin release in vivo. 14 healthy volunteers were given omeprazole 
or placebo in a double-blind crossover fashion. ^Co-labelled liver-bound cobalamins 
were given orallv. and aspirates were collected from the stomach and ilie upper 
jejunum. After omeprazole gastric anacidily (pli '"*- o.O) was obtained in 11. 12. MK} 
10 individuals after 5. 3(1. and WI min. respectively. In the gastric aspirates obtained 
alter omeprazole there was a slight inhibition in cohalamin release after 5 and 30 min 
{p r- 0.03). In the jejunal aspirates the cohalamin release was close to 40S in both 
the piacebo and the omeprazole experiment, and there was no significant difference 
in the percentage of cohalamins bound to R-protein in the two groups. The percentage 
of cohalamins hound to R-protein was much lower in the jejunal aspirates (2fi.fi'/ 
and 23.7'V in omeprazole and placebo, respectively) than in the gastric aspirates 
«i5.K'.V ami fiK.fi'; I. 

Kry words: (ohalamin; gastric juice; intrinsic factor; omeprazole: R-protein: \ilaniin 
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During recent years it has been widely accepted 
that the absorption of diclary cobalamins results 
from an orderly sequence of events (1). The 
events before ileal absorption of the vitamin 
include: 1) the release of cohalamins from dietary 
proteins, 2) the intragastric binding of cobalamins 
to R-protein (transcobalumin I) of salivary and 
gastric origin. 3) digestion of R-protein-coba-
lamin complexes by pancreatic proteases with 
release of cohalamins. 4) binding of the vitamin 
by intrinsic factor (IF) in the upper part of the 
small intestine. 

The release of cobalamins from dietary proteins 
is poorly understood, but results from in vitro 
experiments suggest that an acid environment is 
a prerequisite (2). Furthermore, results of absorp

tion studies suggest that anacidily can lead to 
cobalamin malabsorption due to decreased 
release of cohaiamins in the stomach. Mence 
malabsorption of egg " (̂"o vitamin B | : has been 
found in patients with achlorhydria and after par
tial gastrectomy (3,4). and malabsorption of 
S7Co-cyanocobalamin bound to chicken serum has 
been described after treatment with histamine M:-
receptor antagonists (5-7). On the other hand. 
we have found unimpaired absorption of liver-
bound cobalamins after treatment with ranitidine 
and omeprazole (X, M). Whether there is impaired 
release in vivo in the stomach is therefore uncer
tain, and it is also unknown whether impaired 
cobalamin release might lead to changes in the 
binding of the vitamin to R-protein and IF. 

http://fiK.fi'
file:///ilaniin
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We therefore investigated the effect of gastric 
anacidity on the release of cobalamins in vitro 
anil in vivo. In vitro studies were performed by 
incubating liver-bound "Co-labelled cobalamins 
with native and neutralized gastric juice. In the 
in vivo studies gastric anacidity was obtained in 
healthv volunteers by means of omeprazole, a 
drug that markedly inhibits gastric acid secretion 
without reducing the IF concentration (II), II). 
Subsequently, gastric and jejunal aspirates were 
obtained after giving oral doses of liver-bound 
'Co-labelled cobalamins. and the cobalamin 
release and binding to R-protein were measured. 

MATERIALS AND METHODS 

Materials 
Trypsin. 15:00 BAL7L units/mg protein, was 

obtained from Sigma Chemical Co.. St. Louis. 
Mo.. USA. 

Homogcnate from rabbit liver containing "'Co-
labelled cobalamins was prepared as previously 
described (12). The cohalamins were labelled in 
vivo with '"Co by giving the rabbits repeated 
injections with "'Co-cyanocobalamin of high 
specific activity. The specific activity of the liver 
cohalamins was .1.7 kBq/nmol. The liver homo-
genate was washed with deionized water, fol
lowed by high-speed centrifugation (IS.OOOg, 
311 min, 4CC). The supernatant was discarded, and 
sediment containing 0.7 nmolcobalamins was sus
pended in 511 ml of deionized water before oral 
administration. 

Omeprazole (Hassle AB. Molndal. Sweden). 
80 mg, was dissolved in 30 ml polyethylene glycol 
(MW.400) just before infusion. Polyethylene gly
col was used as placebo. 

In ritro study 
Gastric juice was collected on ice for 1 h during 

a routine pentagastrin test (Peptavlon. bug/kg 
subcutaneously) in 14 patients. Twelve patients 
had duodenal ulcer and two had duodenitis. 
Twelve patients were male and two female; 
median age was 41 years (range. 27-67 years). 
The median basal and maximal acid output 
was 2.3 mmol/h (range, 0-12.0 mmol/h) and 

16.8 mmol/h (range. H.5-63.1 mmol/h). respect
ively, and the pentagastrin-stimulated IF con
centration (13) was 37.7nmol/l (range, 14.6-
47.S nmol/1). 

The pH of 40 ml gastric juice was adjusted to 
7.(1 with l.()mol/l NaOH. To obtain the same 
dilution, an equal volume of ().154mul/l NaCI 
was added to another sample of native gastric 
juice. The samples were preincubated in a shaking 
water bath at 37°C for 10 min. Then liver homo-
genate containing 0.18 nmol "Co-labelled coba
lamins was added, and incubation was carried 
out for 6(1 min. Thereafter trypsin, 19360 BAEE 
units, was added to 5 ml of the neutral gastric 
juice to obtain a physiologic concentration (15), 
and the incubation was continued for another 
30 min. 

To test whether the release of cobalamins from 
liver homogenate was pepsin-mediated, the pH 
in the gastric juice was adjusted to 2. 3. 4. 5. 6. 
and 7 with l.0mol/l NaOH. Five millilitres of 
each of these samples were incubated for 30 min 
with liver homogenate containing 4.6pmol/l 
•"^Co-labelled cobalamins. To investigate the 
effect of acid alone, we incubated NaCI with a 
pH of 1.5, 2. 3, 4, 5, 6. and 7 with the same 
amount of liver homogenate. At the end of the 
incubation the samples were centrifuged for 
measurement of cobalamin release. Samples of 
the supernatant thus obtained were stored at 
-2(l°C. and within 4 weeks the percentage of 
"Co-labelled cobalamins bound to proteins and 
to R-protein was measured. 

In piuo study 
Fifteen healthy men were studied. One person 

was withdrawn after the first experiment because 
he found it unpleasant. The median age of the 14 
individuals completing the study was 24 years 
(range, 21-29 years), and the median weight 76 kg 
(range, 69-S5 kg). Clinical and laboratory exam
inations were performed before and after the 
study. Omeprazole was well tolerated, and no 
significant changes in the laboratory values were 
observed. 

The subjects fasted overnight. At 0730 h a 
single-lumen radiopaque polyethylene tube (inner 
diameter, 2.3 mm) was passed perorally until its 
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tip was approximately 5 cm distal to Trei tz 's liga
ment . Then a gastric tube was placed in the distal 
part of the s tomach. The position of both tubes 
was cheek etl tlunroseopic;i]ly. Omeprazo le . 
SO mg. or p lacebo was infused intravenously for 
10 min in a randomized double-blind crossover 
fashion with a 10-day interval between the doses 
One hour later the .subjects ivere given doses of 
liver homogenate containing 11.7 nmol of ^Co-
labelled cobalamins. Five, 30. and 60 min after 
the administration of liver homogenate. 1(1 ml 
gastric juice was aspirafed. Simultaneously, 
jejunal juice was aspirated by continuous suction 
and collected in 30-min portions. No precaution 
was taken to prevent contamination with saliva. 
All samples wore collected on ice. 

The aspiraled gastric and jejunal samples were 
immediately centrifuged for measurement of 
cohalamin release. The supernatanls were stored 
at -20°C. and within 4 weeks the percentage of 
s?Co-labelled cobalumins hound to proteins and 
R-protein was measured. 

Itiochcmical measurements 
The release of cobalamins from food was 

measured by centrifugation of the aspirates at 
15.0011,1,'for 30 min at 4°C\ The percentage release 
ofN Co-labelled cobalamins was calculated as the 
ratio of the radioactivity in the supernatant to the 
radioactivity in the whole sample. Gastric pi 1 was 
measured with a pll-meter. Anacidity was defined 
as pH -6.0. 

The amount of "^Co-labelled cobalamins bound 
to proteins was assessed by the charcoal method 
(13). Samples containing lahelled cobalamins 
were mixed with serum-coated charcoal and 
centrifuged. The percentage of ^Co-labelled 
cobalamins hound by proteins was calculated as 
the ratio of the radioactivity in the centrifuged 
supernatant to the radioactivity in the whole 
sample. 

The R-protein-cobalamin complex was 
measured by the fast protein liquid Mono S 
chromatography (FPLC) method (14). Aprotinin 
(Trasylol14). 2000 KIE. was added to the jejunal 
aspirates, and 2-ml samples (pH l.N) were applied 
on the column. The mean recovery of the radio
activity in S7 runs was 92.Kr£ (SD. K.6'7). The 

R-protein-cobalamin values were calculated as 
the percentage of the applied radioactivity which 
was recovered in the R-protein peak. 

In a pilot study no transfer of eohalamin from 
IF to R-protein occurred during 60 min at pH l.S 
(in.published observation). 

The radioactivity was measured in a Gamma 
Comp automatic counter (LKB WalJae. Turku. 
Finland). Because of low specific activity counting 
errors in the in vivo study were high. Values with 
counting error exceeding 3.5'7 were excluded. 

For statistical comparisons paired and unpaired 
Wilcoxon rank sum tests were used. A paired 
Student's t test was used to compare the release 
of cobalamins at different pH values of the gaslric 
juice. / J values <0A)5 were considered significant. 

The study was approved by die local ethical 
committee at Aker University Hospital. Written 
informed consent was ohtained from the 
participants. 

RESULTS 

In vitro study 
Release of Co-labelled eohttlamins from liver 

homogenute. A significantly higher release of 
cobalamins was found when liver-bound cobal
amins were incubated with native gastric than 
with neutral gastric juice (p < 0.115) [Fig. 1). By 
simply mixing the liver homogenate with native 
gastric juice. K().2ff of the cobalamins were 
released, indicating that the gastric peptic activity 
had a rapid effect. When trypsin was added to the 
neutral gastric juice, the release of" Co-labelled 
cobalamins. after a 30-min incubation period, 
increased from 47.4'7 to 63.5'7 [p • 0.05) (Fig. 
1). By increasing the pi I of the gastric juice from 
1.5 to 4. the release of cobalamins decreased 
significantly (Fig. 2). At pH values from 4 to 7 no 
significant changes in the release occurred. B\ 
incubating the liver homogenate with NaCI at 
pi I from 1.5 to 7. no significant changes in the 
eobalamin release were observed (« = 2). 

The binding of eobalamins la the cohult/min-
binding proteins in gastric juice. The percentage 
of protein-bound cobalamins in gastric juice 
which had been incubated with liver-bound radio-
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VMM IKS 
l;iii. 1. The percentage release of cohalamins from liver 
homogcnate atler incubation with native ( • ) and neu
tral {' -) gastric juice, and neutral gastric juice mixed 
with trypsin (/•) in vitro. (Arrow indicates when trypsin 
was added. Horizontal lines indicate median values.) 

active cobalamins is shown in Table J. The per
centage varied from K7.6'# to V5.*)r/r. and there 
were no significant differences in the mean per
centage in the native and neutral gastric juice. 
11 (o -cyant icoha lamin bound to gastric juice with 
excess of cohalamin-hinding capacity served as 

PM 
Fig. 2. The percentage release of cohalamins from 
liver homogenatc after incubation with gastric juice 
( • • ) and NaCl (O- • -O) at increasing pH 
values. (Mean values and SD.) 

control . T h e percentage of cobalamins bound to 
R-protein was higher in the native gastric juice 
than in the neutral gastric juice (f> < II.IIS, Table 
1). When the neu-ral gastric juice was incubated 
with trypsin, the percentage of R-pro te in -bound 
cohalamins decreased from 7K% to 31 rv 
(/J < 0.05). 

hi vino .study 
The median pU values in the 5-, 3(1-, and 60-

min samples of gastric juice were 7.1 ( range , 2 .6 -

Table I. Liver cohalamins recovered in the supernatant after treatment with serum-coated charcoal (protein-
bound cobalamins—thai is. R-protein-bound cobalamins + non-R-bound cobalamin.s (left column) and R-protein-
bound cobalamins (right column)). In vitro study (mean values and SD) 

Protein -bound R-protc in bound 
cobal imins cobalamins 

l ime, 
mm 

lime, 
mm Samples f'/f SD % SD 

3(1 Native gastric juice 95.9 3.2 Xo.5 7 . 1 * 
Neutral gastric juice 91.5 4.5 66.(1 6.» 

ft» Native gastric juice 92.4 2.2 8S.9 5.5" 
Neutral gastric juice 911.4 4.5 67.2 10.5 

'){) Neutral gastric juice S9.I) 5.(1 77.0 l ( ) .2t 
Mixed with trypsin 
"Co-cyanocohalamin 

«7.6 7.1 30.6 6.9 

bound to gastric juice 
Unbound °Co-cyano-

8X.0 «.1 

cobalamin 1.2 0.5 

' p < 0.05. native gastric juice versus neutral gastric juice. 
+ p < 0.05. neutral gastric juice versus neutral gastric juice mixed with trypsin. 
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7.7). 6.8 (range. 2.5-7.9), and 6.8 (range. 2 J -
7.9) in the omeprazole experiment, as compared 
with 3.4 (range. 1.8-7.8). 2.3 {range. 1.3-7.6). 
and 2.0 (range. 1.3-7.5) in the placebo exper
iment. The differences were statistically signifi
cant (/><().01). In the omeprazole experiment 
gastric anacidity (pH > 6) was found in 11 of the 
14 subjects 5 min after the administration of liver 
homogenate, in 12 of 14 suhjects after 30 min, 
and in 10 of 14 subjects after 60 min. The median 
pH values in the jejunal juice after 30 and 60 min 
were 7.3 (range. 5.1-7.6) and 7.7 (range. 6.9-8.3) 
in the omeprazole experiment, as compared with 
h.H (range. 5.0-7.9) and 7.2 (range. 2.3-8.3) in 
the placebo experiment (NS). 

The release of "'Vo-kibelled cohalamins from 
liver homogenate was slightly reduced in the ome
prazole experiment in the 5-min and 30-min 
MImpies of gastric juice (/) •. 11.115) (Fig. 3). 
whereas no differences were noted in the other 
samples. 

The />. uiinii of cohafnntins to eobnlatnin-hind-
tut? proteins in gastric and jejunal juice. The per
centage o\' cobalamins bound to cobakunin-
binding protein. m gastric and jejunal juice is 
shown in Tahle II (left column). There were no 
significant differences in the omeprazole and the 

placebo experiment, except for the gastric 
samples obtained after 311 min, in which the per
centage protein-bound cohalamins was signifi
cantly increased in the omeprazole experiment 
(89.1 rv > as compared with the placebo exper
iment (74.5r-r) (p<0.05) . 

There were no differences in the percentage of 
R-protein-bound cohalamins (right column) in 
the omeprazole experiment and the placebo 
experiment, with the exception that in the gastric 
samples obtained after 30 min a significantly 
higher amount of cobahimins was bound to R-
protein in the placebo experiment. In the jejunal 
samples the percentage of R-protein-bound coba
lamins was significantly decreased as compared 
with the percentage in the gastric juice 
(/J < 11.01). but no differences were found 
between the values in the omeprazole and the 
placebo experiment. 

DISCUSSION 

Release of cohalamins 
The in vitro study showed that neutralizing the 

pH of gastric juice markedly inhibited the release 
of cobalamins from liver homogenate. The close 

C A S T R I C J L K K J K J L ' N A I . J l ' I C K 

Fig. 3. The percentage release of cohalamins from liver ho mogen ate in gastric and 
jejunal juice in 14 healthy men during treatment with omeprazole (O) and placebo 
( • ) . Numbers on the horizontal axis indicuie minutes after administration of liver 
homogenate. (Horizontal lines indicate median values.) 
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Table II. Liver cobalamin;» recovered in ihe supernatant alter treatment with serum-coated charcoal (protein-
hound cobalamins—thai i«,. R-protein-hound cohalumins + non-R-protein-hound cubit lamim {lefl column) and 
li\ei eohalamins bound to R-protein (right column)). In vivo study (mean values and SD) 

Protein-bound R-protein-hound 
cobalamins cobalamins 

l i m e , 
min Sample Drup ••>, SD '-, SD 

fi (JUS trie Omeprazole l)7.3 IK.4 6K.K 2(1.7 

Placebo «1.5 '(..1 hh.S 21.2 
3(1 CI as trie Omeprazole m.\ 19.6 66.4 14.6 

Placebo 74.5 27.2+ 73.(1 12.')v 
fil) ( iastr ic Omeprazole ' « . 7 H.7 65.N 211.5 

Placebo y i <s 12.7 6S.6 23.5 

30 Jejunal Omeprazole 1(10.3 21.5 26.3 6. ' ) ' 

Placebo l M.') 16.3 25.1 1(1.(1' 
60 Jejunal Omeprazole <«.6 7.8 26.6 17.5 " 

Placebo lJ5.5 13.(1 23.7 1(13)* 

* p < 0.01. jejunal juice versus gastric juice, 
t p < 0.05. omeprazole versus placebo. 

connection between gastric acidity and the cobal-
amin release suggests a pepsin-mediated proteo
lysis (16) and indicates that the gastric acid secre
tion is important for the release of cobalamins 
from food. We could not. however, confirm the 
results of Cooper & Castle (2), who found that 
acid alone enhanced the release of cobalamins 
from food. 

The results of the in vivo study, however, 
showed only a slight inhibition of the cobalamin 
release in the gastric aspirates after 5 and 30 min 
in Ihe omeprazole experiment. The clinical impli
cation of this inhibition seems dubious, since there 
was no difference in the cobalamin release in the 
gastric aspirate after 60 min in the placebo and 
omeprazole experiments. Furthermore, in the 
jejunal aspirates the release was close to 90W in 
both experiments. 

The reason for the difference between the 
results in the in vitro study and in vivo study is 
uncertain. Protease activities in the anacid gastric 
juice from trypsin-like activity in swallowed saliva 
(17) and refluxed duodenal juice might enhance 
the cobalamin release, as might the presence of 
the gastric proteases gastricsin and rennin. which 
both have a higher pH optimum than pepsin (18). 
There was also a difference in the stimulus for 
the gi'stric acid secretion, since a submaximal 

pentagastrin stimulation was used in the in vitro 
study and a weak stimulation in the in vivo study. 
It is also well known that patients with duodenal 
ulcer have a higher secretion of gastric acid than 
healthy volunteers (19). It is therefore possible 
that the peptic activity in the gastric juice was 
higher in the in vitro study than in the in vivo 
study. 

Cabalambi-bintling proteins 
Both in vitro and in vivo most of the cobalamins 

were bound to R-protein in the gastric juice. In 
vitro the percentage of cobalamins hound to R-
protein was significantly higher in the native than 
in the neutral gastric juice. This result supports 
the finding that cobalamins have a higher affinity 
for R-protein at low pH (20). This result could 
not. however, be fully reproduced in the in vivo 
study. Only in the 3l)-min sample was there a 
higher amount of cobalamins bound to R-protein 
in the placebo experiment than in the omeprazole 
experiment. The percentage cobalamins bound to 
R-protein in the jejunal juice was significantly 
decreased both in the omeprazole and in the 
placebo experiment as compared with the per
centage bound to R-protein in gastric juice. This 
supports the suggestion of Allen et al. (2(1) and 
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Gucanl et al. (21) that cobalamins are released 
from the R-prolein-cohaliimin complex in ihc 
upper part of the small intestine. About WV of 
the cobalamins were bound to cobalamin-binding 
proteins in the gastric and jejunal juice. In a few 
samples the percentage of cohalamins bound to 
protein was lower. The possibility that a small 
fraction of the cobalamins in the gastrointestinal 
juice was unbound cannot therefore be excluded. 
IF; and R-protein are the two major cohalnmin-
hinding proteins in the gastrointestinal juices. 
Since only about 25'f o( the cobalamins were 
hound to R-protein in the upper jejunum (Table 
II). it is probable that the remaining fraction of 
cobalamins was hound to IF at this site. It is 
probable that cobalamins released from their 
binding to food protein preferably bind to R-
protein in the stomach and subsequently bind to 
II" in the small intestine. Our results also suggest 
thai anaeidity does not influence the binding of 
cobalamins to intrinsic factor in the small 
intestine. 
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