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serum to Ehrlich’s ascites tumor developed 
hemorrhagic edematous lungs with a markedly 
increased serotonin content. Such lung find- 
ings were not seen in mouse anaphylaxis. 
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Excretion into Bile of Intrinsic Factor and Its Vit. BI2 Complex Following 
Intravenous Injection. (2705 1) 

KUNIO OKUDA 
Departm.ent of Medicine, Yamuguchi Medical College, Ube, Japan 

It has been shown in vitro(1,2,3) that up- 
take of cyanocobalamin (B12) by liver tissut: 
is enhanced by intrinsic factor concentrate 
(IF), but whether this phenomenon has any 
bearing on the biological function of naturally 
occurring IF is not known. We demonstrated 
that Co60B12, when premixed with IF and in- 
jected to rats intravenously, was taken up by 
the liver in almost absolute preference to other 
organs(4). It was also shown that degree of 
the preferential uptake might be related to 
purity of IF but not to the abundance of retic- 
uloendothelial cells, and that formation of an 
IF-B,, complex was prerequisite to this phen- 
omenon. Our observation has been confirmed 
by others(5,6). Since IF used in these studies 
was of hog origin and therefore a heterologous 
protein to the animals, interpretation of the 
results seems to be limited because of the pose 
sibility of nonspecific uptake of such proteins 
by the liver. Our further attempt to clarify the 
mechanism by which the liver captures IF-B,,, 
complex has disclosed that part of the complex 
is immediately excreted into bile following thr: 
trapping by the liver, and that the same is 
true of IF without B,,. These findings will not 
only throw light on the mode of action of IF’ 

in hepatic uptake of B1,, but will provide a 
clue as to the mechanism of disposal of foreign 
substances by the liver. Such data are reported 
here. 

Materials and methods. Young adult rats of 
Wistar strain which had been raised on a stock 
diet and rabbits of about 2 kg that had been 
fed a soy-bean curd diet were used. The IF 
used was a hog stomach preparation (WES 
#727) *, and the activity was such that 1 to 2 
mg was active in pernicious anemia patients 
when administred together with 15 pg of B12. 
The B,, binding capacity of this preparation 
was 500 mpglmg as measured by dialysis 
method. The Co6*B12 used had a specific activ- 
ity of approximately 0.8 pcurie per pg. Rats 
were anesthetized with ether and intraperi- 
toneal injection of urethan, 1 ml per 100 g 
body weight; no anesthesia was given to rab- 
bits. Laparotomy was performed and a glass 
cannula was inserted into the common bile 
duct and was tied with the duct. Bile was col- 
lected directly from the cannula in the case of 
rats, or through a polyethylene tubing in the 
case of rabbits. After securing the basal bile 

* Kindly supplied by Dr. L. Ellenbogen, Lederle 
Laboratories, Pearl River, N. Y. 



for half ail hour. a saline solutioii of 1F 01. 

saline mixture of IF and Co'*"K, ,  was injec.tc(l 
intravenously. the tail vein 1)eiiig usetl i n  th(1 
former and the ear \ein i i i  the latter. Tliv 
amounts of IF and Co'"'B12 to he mixed \\el.(. 
so adjusted that the biiidit~g po\t-er of 11: \\:IS 

always in excess of CO""B,~  in  order to ha\ t i  

Co6*BI2 all iii bouiicl state. 
Aliquots \\ere dried i n  planchets aiitl 

counted in a 9;-scintillation couiiter ~ i t h  a flat 
crystal of Nal. tinder the conditions usetl. 
1 mpg of CoG"B,,, gave a count of about 8)  
above the background of 140 per minute. Thc 
binding powers of IF and bile specinlens 1iei.e 
deterniined after exhaustive dial!sis agailiFt 
large voluiiies of distilled water for 48 hours. 
aiicl the basal bile seried as the blaiik. The rlc- 
tails of the techiiique for B,: I~itidiiig nieasurc~- 
nient and the exhaustive dial! sis haye I~eeii 
described (4) . Some of the hile speciiiieiis coil- 

taining radioactivity ij-ere also sul~jectecl 1 0  
equilibrium dialysis. In this tlial!sis. 2 1111 of 
bile in a Visking bag were dial!zed agaiti3t 
30 ml of distilled water uiider coiistant agita- 
tion for 4:; hours, and both the inside aiitl tho 
outside of the bag iiieasured for radioacti\ it!. 

Results. A inixture of 2 iiig of IF aiitl 500 
inpug of ( h ' ~ i J H , l  \$--as injectecl intrai eiiousl! t o  
the rahhit. and hile \$:is collected eier! 10  
minutes for the first hour. e i  er!. 20 niiiiutc>.; 
for the next hour and hourl! thereafter. Thc 
volume held by the caiinula aiid thc lul)iiig 
was allowed to drain before acatual tiiiiiiig u as 

started. Concentrations of radioactivity mea- 
sured in bile clearly demonstrated that excre- 
tion of Co60 began almost inimediatel!- follo\i - 
ing the injection and reached the peak bet\ztwi 
50 and 60 minutes, decqreasi ng sharply thvrr-  
after (Fig. 1). 
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IIG.  1. liate of CO"' excretion in bile following 
i l it  tii\enoua in jetation of IF- Ch"B12 complex to the 
raI)hit. .1 niixlure of 2 mg of I F  and 500 mpg of 
( 'c,'"'R,, was administered. Figures are average of 2 
ral)hits. 

Fl(;. 2. Total biliary excretion of IF and IF-Bla 
1 oiiipleh following intravenous administration to the 
ixl)lbit. Shaded tiars represent radioactivity excreted 
i i t  Ilile following injection of a mixture of 2 mg of 
11.' and 500 1npg of CoG0Bl2; open bars represent 

1)indinr power excreted following injection of 
2 ing of IF alone. Figures are average of 3 animals. 

l-iider the saiiie condition, bile was accum- 
ulated in hourly portions and subjected to ex- 
haustive and equilibrium dialyses to determ- 
i t i o  the quantitative relationship between 
J H I L I I I ~  aritl free Co"". The results (Table I )  
showed that most of the radioactivity in the 
1st and the 2nd bile specimens remained in 

t { c i ~ l ~ ~ ~ ~ i ~ ~ t i \  it! (dc, rnp: of CO'~' 'BI~)  

(Time of collectioii) (in]) (per m1 bile) (per  ml hilit) (2 ml bile) 

l : \ l i c i i i * l i \  I -  1 1 1 , t 1 \  hi? -4fter equilibrium dialysis* 
Bile specimen 1-01. Bc fo 1'c Aftvr Inside OLtside 

0-1 hr  9.5 3.7 3.6 7.3  0 
1-2 " 7.5 2.0 2.0 4.1 0 

.8 .8 1.s 0 
.1 1 .o 0 

2-3 '( 6.41 
3-44 '( 6.0 . .J 
4-5 " 5.8 .4 .4 .8 0 

Two ml of bile used for dialysis, and duplicates were made wherever volume permitted. 
* Inside-2 ml bile, outside-30 ml distilled water. 
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the cellophane bag after dialyses. Since the 
I ~ s a l  bile contained a R , ,  hinding power 
cquivalerit to 1.5 nipg/riil, thc utdialywd 
radioactivity in the 3rd, 4th and 5th syccinicns 
do not necessarily indicate the presence oi an 
exogenous B,, binder. Thus, it occurred to us 
that CoF0 excreted in the 1st and 2nd speci- 
mens might represent C060B12 still bound to 
IF. The following experiment was carried out 
to clarify this point. 

Four rabbits were divided into 2 groups, 
and a mixture of 2 mg of IF and 500 mpg of 
Co60B12 was injected intravenously to one 
group, and the same dose of IF without B,, 
to the other group. The bile was accumulated 
in hourly portions, and total radioactivity of 
each specimen was measured in the former and 
B,, binding power in the latter. The results 
(Fig. 2) clearly demonstrated that following 
intravenous administration of IF, there was a 
marked increase of B,, binding power in the 
bile during the first one hour. Noteworthy also 
was that the amount of binding power mea- 
sured in the 1st one-hour specimen of the sec- 
ond group was very similar to the amount of 
radioactivity of the corresponding bile speci- 
men of the 1st group, if both were expressed 
in terms of mpg of B,,. It seems likely there- 
fore, that the B,, binding power excreted in 
the bile following intravenous administration 
of IF represented the original IF or IF in an 
altered form but still retaining the B,, binding 
property. It follows further that the radioactiv- 
ity excreted in the 1st group also represented 
the original or a slightly modified IF-B,, com- 
plex. 

A similar experiment was carried out with 
rats. Six adult female rats were divided into 
2 groups, one group receiving intravenously a 
mixture of 1 mg of IF and 100 mpg of Co”- 
B,,, the other group receiving the same dose 
of IF  alone. Again, a significant amount of 
radioactivity or B,, binding power was mea- 
sured in bile during the first hour. Further- 
more, the quantitative relation between the 
radioactivity in bile of the 1st group and B,, 
binding power of the 2nd group was practic- 
ally the same as that found with rabbits. 
Discussion. The preferential hepatic uptake 

of intravenous IF-B,, complex first detailed 
by the author (4) may or may not be related 
to the natural function of IF. It can be argued 

that possible pinocytosis of IF molecules b y  
the liver reticuloendothelial system may be 
responsible as is the (:am with antigenic heter- 
ologous proteins. Nevertheless, it is of interest 
to postulate the presence of a B,, carrier in 
the blood which is IF itself or behaves like it 
and has a strong affinity to the liver. As al- 
ready pointed out, intravenously administered 
IF-B,, complex is not taken up by the spleen 
or any other organ which is rich in the reticu- 
loendothelial system except the liver. The re- 
sults of this study have provided further sup- 
port to this hypothesis by demonstrating that 
both IF and IF-B,, complex are immediately 
excreted in bile without evidence of extensive 
chemical changes, following intravenous ad- 
ministration. If the uptake of IF or its B,, 
complex were executed by pinocytotic activity 
of the Kupffer cells, no explanation seems feas- 
ible for the demonstrated instantaneous trans- 
fer of the test material from the blood stream 
into bile, because of the anatomy of the lobule. 
It is only fair to presume that IF or IF-B,, is 
trapped in the Disse’s space which is formed 
by the microvillous surface of the polygonal 
cells and the trabeculae of the Kupffer cells, 
and some of the trapped molecules immedi- 
ately move from there into the bile canaliculi. 
The only possible route for such rapid excre- 
tion might be the electronmicroscopic gap 
between the polygonal cells which connects 
the Disse’s space to the bile canaliculus (7). If 
all the IF molecules are to be engulfed by the 
Kupffer cells like certain colloid particles, it 
will take some time before they are ejected 
from the cells and excreted into bile. Inference 
may be made, therefore, that IF or IF-B,, com- 
plex has a strong affinity to the surface of the 
Disse’s space. Such affinity may be due to the 
presence of a chemical acceptor on the cell 
surface. The hypothetical carrier of B,,, which 
was simulated by IF in this experiment, may 
be circulating in blood in minute quantities to 
regulate the hepatic uptake of B12. A recent 
study by Brody et d ( 8 )  of the kinetics of 
intravenously injected B,, in man has sug- 
gested a similar possibility. 

Summary. Intrinsic factor or a mixture of 
IF and C O ~ ~ R , ,  was injected intravenously to 
rabbits and rats in which a biliary fistula had 
been prepared, and excretion of B,, binding 
power or CoF0 in bile was measured. It was 
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fourid that sigriific-arit atiictutits of 1)itiditig 
power or Co”’ appeared it i  the ltilr clithiri o t i t ’  

hour and that suc*h ewretioti I)e,vati altnost itii- 

mediately f c  ~ 1 h )  w i rig i I i t rave t i (  )us ad 111 i t i  ist 1.a- 

tion. A yossihle iiiechatiistii of liepatic. uljtakv 
and subsequent excretioti itilo bile of ititraieri- 
ously administred IF‘ or its complex has I)evti  

discussed. 
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Influence of Spermine and Related Substances on Susceptibility of 
Bacillus anthracis to Lys0zyme.z (27052) 

GEORGE (;. WRIGHT* 
The Sir Filliam D u n n  School o j  Pathology, University of Oxford 

In complex media certain strains of Bacillus 
anthracis become susceptible to the action o f  
lysozyme only when hicarhotlate is present 
during growth( 1 1 .  This requirement for hi- 
carbonate was not demonstrable in chemicall!- 
defined media: under these cotiditioiis the 
strains remained susceptible to lysozyme when 
bicarbonate was omitted. Investigation of the 
cause of this difference revealed that the yeast 
extract present in complex media contained a 
dialyzable factor that caused susceptible 
strains to become resistant. It was the activ- 
ity of this factor that was overcome by ad&- 
tion of bicarbonate to the growth medium ( 2  I .  

Identification of the factor in yeast arid elu- 
cidation of its action are of particular interest 
because of the possibility that related inechati- 
isms may be involved in the bicarboriate re- 
quirements for elaboration of capsular pol) - 
peptide and protective antigen by this organ- 
ism (3,4).  The present report presents evidence 
that spermine, spermidine, and certain dia- 
mines reproduce the effect of yeast extract in 
inducing resistance to lysozyme. 

$The author is indebted to Dr. H. H .  Johnston for 
helpful discussion. The work was carried out during 
tenure of a Secretary of the U. S. Army Research and 
Study Fellowship. 

* Permanent address : Fort Detrick, Frederick, Md. 

Methods. The basal medium contained 2% 
Difco vitamin-free casamino acids, O . M %  
llifco yeast extract, and 0.2% glucose. The 
small amount of yeast extract was sufficient 
to allow growth of the test organism in the 
absence of lysozyme but not in its presence. 
The medium was adjusted to pH 7.6 with so- 
dium hydroxide and sterilized by filtration. 
[Jltra-fine sintered glass filters were used for 
all sterilizing filtrations. Sterile sodium bi- 
carbonate solution was added to the basal me- 
dium in the concentrations indicated. 

The compounds tested were obtained from 
commercial sources, spermine and the dia- 
mines as hydrochlorides, spermidine as the 
phosphate, and agmatine and arcain as sul- 
phates. They were dissolved in water and ster- 
ilized by filtration. Titrations were carried out 
ill :%’’ x 6” tubes provided with aluminum 
caps. Serial 2-fold dilutions of the substances 
tested were prepared in a volume of 0.5 ml. 
To each tube were added 0.5 ml of 1-1000 so- 
lution of crystalline lysozyme (Armour Lab- 
oratories) and 1.0 ml of basal medium. Con- 
trols without lysozyme, without test substance, 
and without inoculum were included in each 
titration. 

The inoclum consisted of approximately 
100 spores of strain B of B. anthracis, added 




