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Since the original report that hog intrinsic 
factor concentrate (HIFC) enhanced C'o';"- 
labeled \?t. R, ,  uptake by rat liver slices( 1) .  
the mechanism of this phenomenon has been 
extensively studied. Data obtained confirm 
the hypothesis that receptors for intrinsic 
factor exist on rat liver slices and the low- 
speed precipitate of the homogenate thereof. 
These receptors can "take up" either free in- 
trinsic factor or intrinsic factor to which Co""- 
B,,  is attached( 2 ) .  Identical receptors for 
intrinsic factor on small intestinal mucosa 
of the rat have also been demonstrated(3). 
The present report extends these studies and 
confirms the stoichiometry implied previously 
C4). 

Natcrials  aizd inethads. Liver honiogenate 
was prepared by mincing fresh (or fresh 
frozen) liver with scissors, adding 40 ml of 
0.9% NaC1 per 10 g liver, and homogenizing 
for 1 minute a t  room temperature in a n'ar- 
ing blendor. The homogenate was centrifuged 
a t  3000 rpm for 5 minutes. the supernate dis- 
carded. and the remaining homogenate washed 
twice in 0.991 NaC'1 (40 ml; 10 g initial liver 
tissue). The  washed homogenate of "liver 
debris" (mainly cell walk and nuclei) was 
suspended in Krebs-Ringer-Tris containing 
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10 ni31 CaCI,! ( K R T )  or in 0.9% NaCl cori- 
taining 10 mnl  CaC12(NaC1-CaC12) : 10 ml 
of medium was used per 1 g of whole liver 
starting material. Although it  was generally 
used immediately, washed homogenate priolr 
to suspension in medium may be refrigerated 
for as long as 2 hours prior to use if neces- 
sary. Incubations were performed for one 
half hour, in air, a t  room temperature, with 
constant gentle shaking. Each incubation 
beaker contained the washed homogenate 
from 1 g of liver, or 100 mg of lyophilized 
liver homogenate, suspended in 10 ml of me- 
dium, plus 1 ml of the appropriate added 
agent. Each incubation was followed by cen- 
trifugation a t  3000 rpm for 5 minutes, dis- 
carding the supernatant fluid by decantation, 
and 3 washes of the homogenate with 10 ml 
aliquots of NaC1-CaC12. Each incubation was 
preceded by suspending the washed homoge- 
nate in 10 ml incubation medium. Although 
subsequent incubations were usually per- 
formed immediately, the homogenate may be 
refrigerated for as long as 1 hour prior to 
subsequent incubation without loss of activity. 
One ml of each agent was added to the liver 
homogenate suspension. Solid materials were 
made up to 1 ml in 0.9% NaCT. The  HIFC 
preparation used was potent by Schilling- 
type testing(6) in a daily oral dose of 5 mg. 
Unless otherwise specified, 25 pg HIFC was 
used. The  amount of Co6"-B1:! added to each 
sample was 0.01 pg ( g)  (specific activ- 
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ity = 1 pc/pg). The well type sodium iodide 
crystal used had a sensitivity of 1 count,/min/' 
ppc. Sequential incubation (i.e., incubation 
with HIFC followed by incubation with 
C'O"~)-K ,.) was generally performed for 
reasoiis stated elsewhere( 2,s). After final in- 
cubation, retained radioactivity of thrice- 
washed homogenate was determined, and re- 
sults recorded as counts per minute per g of 
initial liver tissue (or per 100 mg olf lyophil- 
ized liver homogenate) . Lyophilized rat liver 
homogenate was prepared from liver minced 
with scissors, homogenized in 0.9% NaCl, 
washed thrice in 0.9% NaCl, and suspended 
in 0.9% NaC1 (or NaCl-CaCl,! if preincubated 
with HIFC) prior to lyophilization. About 
5 g of lyophilized homogenate was derived 
from 100 g of liver tissue. Acetone-washed 
lyophilized liver homogenate was prepared by 
grinding lyophilized homogenate in a mortar 
with aliquots of acetone until supernate was 
clear, The final acetone-homogenate mixture 
was filtered and homogenate remaining on the 
filter paper was allowed to stand at  4°C until 
dry. Resultant material was stored a t  4°C 
until used. Rat stomach homogenate was 
prepared as follows: the frozen stomachs of 10 
rats, with the intrinsic factor-free proximal 
translucent portions discarded( 7 ) ,  were ho- 
mogenized in 50 ml 0.9% NaC1 in a Waring 
blenclor a t  6°C for 2 minutes, and filtered with 
suction (at  6°C) through gauze to remove 
particles. Fifteen ml 0.9% NaCl were mixed 
with the particles on the gauze, filtered, and 

added to the prior filtrate which was then 
frozen until usecl. pH of this material was 6.4. 

Rcsulis. Table I demonstrates that rat, 
cow, bull, or rabbit liver frozen whole, or rat 
liver frozen ns t he  precipitate of a homoge- 
nate, may subsequently be used as a source of 
receptors. 

Rat liver hornogenate frozen while sus- 
pended rin KRT appears to lose most of its 
receptor!; (Table I ) .  The receptors are pro- 
tected to a significant degree by incubation 
with HIFC prior to freezing (Table 11). 

Lyophilized or lyephilized and acetone- 
washed rat liver homogenate retains its ability 
to be used as a source of receptors (Table 
T I T ) .  The receptor-intrinsic factor complex 
may be lyophilized as a unit and retain its 
ability to "take up" Co""-BI2 (Table 11). 

The receptor-intrinsic factor-CoGo-B12 
complex requires calcium for maintenance of 
its integrity (Tables 111, I V ) .  Calcium ap- 
pears to1 maintain the receptor-intrinsic factor 
bond rather than the intrinsic factor-Cdo-Bl2 
bond (Table TV) . 

Quantity of HIFC required to "saturate" 
homogenate receptors from 1 g of fresh rat 
or frozen cow liver was about 50 pg, as indi- 
cated by failure of amounts greater than 50 
pg to still further enhance Cof;"-BI2 uptake 
by the liomogenate (Table V)  . Amounts of 
H I F C  much in excess of that required to 
saturate the receptors actually produced less 
enhancement than smaller quantities (Table 
V )  . 
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The intrinsic factor-receptor cornples is 
destroyed by heating a t  1OO"(' for 10 niin- 
utes prior to addition of ('o""-K although 
H1 k'c' itself retained about 2572 actilrity after 
such heating (Table 17). 

Rat stomach homogenate, pH 6.4, enhanced 
CIo(;O-BI2 uptake by rat  liver homogenate 
(Table VT), but its effect was reduced by 
standing for 30 minutes a t  pH 2.6. The 

stomach homogenate after standing 2 hours at  
%3 (' a t  pH 6.4, retained niuch, but not all, of 
its original activity (Table 1'1). 

Gradual reduction of amount of C'o""-Bl? 
added prior to the second incubation resulted 
i n  a gradual increase in percentage of C'O'~"-B 12 

remaining on the homogenate "receptor-intrjn- 
sic factor complex" after incubation (Table 
VII).  

By varying the quantities of H I F C  and of 
~70"0-B12 within the limits imposed by  the 
quantity of receptors on liver homogenate, a 
point is approached where a stolichiometric 
relationship exists between these quantities 
(Table VTTI) . 

\Then a mixture of Co6()-BI2 and non-radio- 
active B,, (cold B I Z )  is added to liver homo- 
genate preincubated with HIFC,  a reduction 
of ~ ' d 0 - B l 2  uptake is observed which is pro- 
portional to aniount o f  "cold" B used (Table 
IS). 

I I i s m  ssioii The pr  esen t rl. enion s t r a t ion 
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that the "intrinsic factor receptors" on mam- 
malian liver remain intact after lyophilization 
and acetone extraction of the liver indicate the 
possibility of further purification of these re- 
ceptors, with the ultimate goal of a pure sys- 
tem of receptors, intrinsic factor, and BIZ. If 
there is a stoichiometric relationship between 
these 3, as the present data indicate, it  be- 
comes possible to assay the amount of any one 
of these substances by determining the others. 

Until intrinsic factor is isolated in pure 
form, the nature of the material combining 
with the receptolrs will remain uncertain. The 
activity may be due to a contaminant com- 
mon to HTFC, rat stomach homogenate. and 
normal human gastric juice ( 2 ) .  Similarly, de- 
graded intrinsic factor or other materials with 
the appropriate prosthetic group (s) may at- 
tach to receptors and block uptake of intrin- 
sic factor (S,9),  and intrinsic factor to1 which 
('wid'' BIZ is bound cannot be assayed in this 
system (8) .  Excessive amounts of intrin- 
sic factor must be avoided to prevent errone- 
ous results due to loose attachment of excess 
HIFC' to the homogenate. Some of this may 
not be removed in the washes and be released 
into the incubation medium during subsequent 
incubation with CO""-B~Z to compete with in- 
trinsic factor on receptors for available B I Z  

( 2  ) * Optimum amount nlf intrinsic factor to 
use for inf rinsic factor assay would be that 
q u a i i t  ity sufficient t o  enhance ('o""-K12 uptake 
markedly, but nut to saturate receptors. 

Apropos of the possible relation of the pres- 
ent system to the physiologic system for ab- 
sorption of BIZ from the human small intes- 
tine(2>, it should be noted that in the hu- 
man small intestine there is also a stoichio- 
metric relation between intrinsic factor and 
absorption of BIZ (10). 

Rat intrinsic factor (rat stomach holmoge- 
nate) is capable olf marked enhancement of 
C O " ~ ) - B ~ ~  uptake by rat liver homogenate in 
the sequential incubation system here used. 
This latter point is important in view of the 
failure of homologous gastric juice to enhance 
CoGo-B12 uptake by rat liver slices in a simd- 
taneous incubation system ( 1 1,2 ) . 

Summary. L'Recept~rs" for intrinsic factor 
exist in rat, bull, and rabbit liver homogenate 
precipitate, and remain intact after lyophiliza- 
tivn and acetone-washing oif the homogenate. 
There appears to be a stoichiometric relation 
between receptors, intrinsic factor, and Vit. 
BI2. Within stated limits, an incubation sys- 
tem of receptors, intrinsic factor, and/or 
K 1 2  may prove useful for  assay of intrinsic 
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factor, of the quantity of free R 1 2  in bio- 
logical tluids, and of receptors. 
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Heinoval of Chyloinicron T,ipid from Plasma in Experimental Nephrosis.* 
( 25766 ) 

Hyperlipemia is a characteristic feature of 
experimental nephrosis produced in rats by 
injection of rabbit anti-rat kidney serum. One 
factor contributing to the hyperlipemia is a 
decrease in rate of removal of chylomicron 
lipid from the circulation ( 1 , 2  ) , Two possible 
explanations for this abnormality are sug- 
gested. First, the delayed removal may be 
dependent on presence in nephrotic plasma of 
an inhibitor to lipoprotein lipase which is re- 
sponsible for intravascular lipolysis of chylo- 
microns(3). Second, the suggestion has been 
made that nephrotic hyperlipemia is due to re- 
tention of lipid in the plasma as the result of 
hypnalbuminemia, on the assumptioln that the 
amount of serum albumin is insufficient to 
transfer fatty acids a t  a normal rate from 
lipoproteins to the tissues ( 4 ) .  The  following 
studies were undertaken to assess the effects 
of serum albumin concentration and of lipo- 
protein lipase inhibitor on rate of chylomicron 
removal from the circulation of rats made 
nephrotic by antikidney serum. 

Methods.  h'ephrosis was produced in rats 
hy injection of rabbit anti-rat kidney serum 
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( 5 ) .  Rat serum albumin was obtained from 
normal rat serum after precipitation of globu- 
lins by third-saturated ammonium sulfate. 
It was dialyzed against normal saline to re- 
move excess sulfate, lyophilized, and made 
up in concentrated solution for administration. 
On electrophoretic examination the albumin 
was 87% pure. For in zritro studies on clear- 
ing of lipemic serum, the source of lipoprotein 
lipase was post-heparin plasma, obtained from 
the aorta of fasted normal rats 15 minutes 
after intravenous injection of heparin (4 mg/ 
kg body weight). Post-heparin plasma was in- 
cubated with normal ra t  serum previously 
made lipemic by addition of ra t  chyle suffi- 
cient to give an  optical density (O.D.) of 
0.450-0.700 when read a t  550 mp or 750 mp. 
Tn a preliminary experiment the 0. D. of li- 
pemic serum was found to be a linear function 
of amount of rat  chyle added to it. To meas- 
ure rate of removal of chylomicrons from the 
circulation. 1.0 ml of C14-labeled chyle, pre- 
pared according to French and Morris ( 6 ) ,  
was injected intravenously; radioactivity was 
measured in whole blood a t  intervals over the 
next 301 minutes, by plating aliquots of 0.05 
ml of tail vein blood and counting in a win- 
dowless proportional gas Now counter. The  
fractional rate constant of chylomicron re- 


