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Preparation of Partially Purified Porcine Intrinsic Factor. (23363) 

KENNETH C. RORBINS AND JANE SHIELDS 
Research Division, Armour and Co., Chicago, IU. 

The preparation of highly purified porcine 
intrinsic factor has been described( 1,2,3). 
The active principle appears to be mucopro- 
tein in nature. The methods described 
for the preparation of porcine intrinsic 
factor use whole porcine stomach as the 
starting material and are detailed and com- 
plicated. This report describes a new and 
simple method for preparing highly purified 
porcine intrinsic factor from porcine stomach 
pyloric mucosa. The evaluation of this ma- 
terial both clinically and in the urinary ex- 
cretion test will be discussed. Experiments on 
the further purification of porcine intrinsic 
factor on cellulose-ion exchangers will be de- 
scribed. 

Methods. . A .  Preparation of intrinsic fac- 
tor. To each kg of fresh, frozen, ground por- 
cine stomach pyloric mucosa was added 2 1 of 
ice-cold water. The pH of the suspension was 
adjusted to 3.5 with 8N HC1 and the mixture 
was stirred overnight a t  2°C. The bulk of the 
residue was removed by filtration through 
cheesecloth. The remaining suspension was 
further clarified by centrifugation at 4000 
rpm, at  2"C, for 1 hour. The extract of in- 
trinsic factor was concentrated by either vacu- 
um distillation or lyophilization. The solids 
content a t  this point, as determined by lyo- 
philization? was 30 g/kg tissue. The concen- 
trate (pH 4.0) was adjusted to 7% total sol- 
ids and to pH 5.2 with 21c' NaOH. A one 
molar sodium acetate-acetic acid buffer, pH 
5.2, was added to this concentrate to give an 
ionic strength of 0.15 (sodium acetate) a t  a 
solids concentration of 6% a t  2°C. Ninety- 
five 70 ethanol a t  -20°C was added to this 
extract to final concentration of 50% at -5°C. 
After standing overnight a t  -5"C, the precipi- 
tate was removed by centrifugation at 4000 
rpm, at  -5"C, for 30 minutes. It was sus- 
pended in ice-cold distilled water (4 x pre- 
cipitate volume) and stirred overnight at 2OC. 
The solution of intrinsic factor (PI) was lyo- 
philized. The yield, after lyophilization, was 
5-6 g/kg tissue. Dialysis of intrinsic factor 

PI before lyophilization resulted in a loss of 
60% of the solids. 

B. Clinical evaluation. A number of in- 
trinsic factor PI preparations were evaluated 
for clinical activity using a hematologic 
method in carefully selected pernicious ane- 
mia patients in relapse. The tests were ax- 
ried out by physicians in accordance with 
recommendations of the Anti-Pernicious Ane- 
mia Board of the U.S. Pharmacopoeia(4). 
The patients were not used for more than one 
test. Each patient was hospitalized through- 
out the entire 3-week period of assay, with 
red blood cell counts and reticulocyte counts 
taken either daily or 3 times weekly. Thirty- 
five mg of intrinsic factor preparation PI was 
mixed with 15 pg crystalline vit. BI2 and the 
mixture was given orally, suspended in water 
or orange juice, an hour or more before break- 
fast. The average red cell count for 2 or 3 
days before therapy and the red blood cell 
count a t  the 21-day level were compared with 
the expected red blood cell response in the 
U.S. Pharmacopoeia recommended tables( 5). 
The percent response was calculated by di- 
viding the 21-day red blood cell response by 
the expected red blood cell response. The per- 
centage of reticulocyte response was calcu- 
lated in a similar way using U.S. Pharmaco- 
poeia recommended tables (6).  The clinical 
evaluation of intrinsic factor PI is sum- 
marized in Table I. The clinical data on 4 
preparations indicated that a full red blood 
cell response (90-100% of U.S.P. response ex- 
pected in 2 1 days) occurred in the majority of 
cases. The excellent clinical response in prac- 
tically all cases indicated that the daily dose 
used, namely, 35 mg intrinsic factor PI  and 
15 p g  vit. BIZ, could be defined as one U.S.P. 
oral unit.* The dialyzed and lyophilized in- 
trinsic factor PI (IV-D) appears to be fully 
active in a daily dose of about 15 mg intrin- 
sic factor and 15 pg B12. 

* Intrinsic factor-vitamin B, )preparation used 
in Biopar FortC, Armour Laboratories. 
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TABLE I. Clinical Evaluation of Intrinsic Factor PI.“ 
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C.  Urinary excretion tes t .  The technic 
used in the 24-hour urinary excretion test has 
been described ( 7 ) .  The test used to evaluate 
intrinsic factor €’I involved the use of an oral 
dose of 1 pg vit. B1:! CoGO and an intramuscu- 
lar dose of 1000 p g  non-radioactive vit. B12. 
The results of the urinary escretion tests on 
intrinsic factor PI-I\’ are summarized in Table 
IT. The 2 7  control tests gave a urinary excre- 
tion of 1.7 k 1 c/( . The 14 subjects receiving 
15 mg intrinsic factor PI (0.43 U.S.P. unit) 
showed a urinary excretion of 11.0 _t 4.60/(- 
and the 10 subjects receiving 50 mg intrinsic 
factor PI (1.43 U.S.P. units) showed a urin- 
ary excretion of 18.1 t 5%.  The patients 
receiving 50 mg intrinsic factor PI excreted 
approximately 0.18 pg vit. B 1 2 ,  which appears 
to be close to the maximum excretion of vit. 
BIZ when using a 1 pg vit. BI2  oral dose. The 
amount absorbed is probably 3-4 times the 
amount escreted (7.8). Therefore. excretion 
of 0.18 pg vit. BIZ corresponds to an absorp- 
tion of about 0.54-0.72 p g  vit. BIZ.  Since the 
maximum absorption which could be expected 
from 1 pg vit. BIZ oral dose in normal subjects 

is about 70-90%(9), the 50 mg intrinsic fac- 
tor PI dose gives close to maximum absorp- 
tion of vit. BI2. Three subjects previously 
tested with 50 mg intrinsic factor PI were 
then tested with 350 mg intrinsic factor PI 
( 10 U.S.Y. units). They showed a urinary 
escretion of 14.7 -C 1.5%. Extraordinarily 
high or unphysiological doses of intrinsic fac- 
tor appear to depress absorption of vit. B I Z  

. Our data show that less than 0.5 C.S.P. 
unit of intrinsic factor 1’1 will give significant 
and measurable urinary excretion of vit. BIZ 
and that 1.5 U.S.1). units of intrinsic factor 
PI will give close to maximum excretion of 
vit. BIZ. These results are in contradiction to  
those reported by Williams e t  al.  ( 10) who 
found that 2-3 U.S.P. units of intrinsic factor 
are needed to give significant urinary excre- 
tion values. The difference may be due to 
the dosage of vit. BIZ  CoGo used ( 1  pg vs. 2 pg) 
or to the intrinsic factor preparations used in 
the 2 studies. It is more likely that the discrep- 
ancy is due to the incorrect assignment of po- 
tency by Williams e t  d. (10) to their standard 
preparation. It is obvious from their pub- 
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TABLE 11. Urinary Excretion Tests Using ln- 
trinsic Factor P I - IV  and 1 pg Vit B,, Corn in 27 

Patients. 

% B,, excreted 
<-.Intrinsic factor (mg)-, 
0 15 50 350 

2.1 6.9 
1.1 6.3 
3.8 14.1 
1.4 6.7 

.2 
1 .o 13.0 
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2.4 12.6 
2.5 22.7 
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1.7 9.4 
.8 
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2.2 7.5 
2.0 22.0 
3.7 21.0 14.2 

.7 8.5 13.5 
1.5 22.1 16.4 
2.0 20.6 

.2 13.2 
1.2 13.9 
2.6 20.9 
2.4 23.6 
2.8 15.5 

.3 7.7 
1.0 26.4 

.7 9.6 
* 1.7 -e 1.0 11.0 & 4.6 18.1 t 5.0 14.7 -+ 1.5 

* Mean S.D. 

lished data(l0) that the intrinsic factor 
preparation used as the standard did not show 
full potency for unitage assigned. The 2-3 
U.S.P. units used in the urinary excretion 
tests are probably less than one unit if the 
U.S. Pharmacopoeia recommended tables ( 5)  
are used. 

D . Further purification using cellulose-ion 
exchangers. Intrinsic factor PI-IV was frac- 
tionated on a DEAE-cellulose ion exchanger 
(1 1) a t  pH 7.0 using gradient elution. The 
results of the experiment are summarized in 
the elution diagram in Fig. 1. The fractions 
were assayed in the urinary excretion test. 
The activity was adsorbed and eluted in frac- 
tions Nos. A2, A3 and A4 (Table 111). The 
unadsorbed fraction, Al, was inactive. Since 
60% of the solids are lost on dialysis, the re- 
covered fractions account for approximately 
all of the non-dialyzable solids. The esti- 
mated activity of the adsorbed fractions was 
12, 9 and 10 mg/G.S.P. unit, respectively. 

The fractions were 3-4 times as potent as the 
starting preparation and about 1.5 times as 
potent as the preparation obtained on dialysis 
of intrinsic factor PI (IV-D) which had an 
activity of about 15 mg/U.S.P. unit (Table 
I). There was a loss in recoverable activity. 
A comparison of intrinsic factor PI-IV and 
PI-IV-D in the urinary excretion test was 
then made and the results are summarized in 
Table 111. The estimated U.S.P. potency of 
intrinsic factor PI-IV-D from the urinary ex- 
cretion test is about 15 mg, which is about the 
same as that found in the standard U.S.P. as- 
say (Table I ) .  Fraction No. A4 (Fig. l ) ,  
containing the bulk of the activity, was re- 
chromatographed on a CM-cellulose ex- 
changer( 11) a t  pH 5.4 using gradient elution. 
The gradient was produced with 0.01 M ace- 
tate buffer, pH 5.4, and 0.5 M NaCl. Two 
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F I G ,  1. Effluent diagram: 10 g intrinsic factor 
PI were dissolved in  300 ml 0.005 M phosphate 
buffer, p H  7.0. pH of the solution was adjusted to 
7.0. Solution was dialyzed against 8 1 of phos- 
phate buffer for 48 lir at 1"C, was clarified by cen- 
trifugation since a precipitate appeared during 
dialysis. Supernatant solution was passed through 
a DEAE-cellulose column (41 X 2.5 cm) (Solka- 
Floe BW; .50 mEq/g) which had been equilibrated 
with 0.005 31 phosphate buffer, p H  7.0. Column 
was washed with buffer and the wash collected in  
fractions 1-10. Gradient was begun at fraction 10 
and produced by continuous introduction of .1 M 
N+HPO, + .5 M NaCl into a constant volume res- 
ervoir containing 100 ml of .005 M phosphate buf- 
fer, pII 7.0. Fraction volume was 6 ml and flow 
rate was 1.5 rnl/min. Experiment was carried out 
at 25°C. Ordinate is optical density at 280 m p  and 
represents protein. Fraction pools 1-10 (Fraction 
No. l), 42-46 (Fraction No. 2),  47-53 (Fraction 
No. 3) ,  and 54-84 (Praction Xo. 4) were dialyzed 
against distilled water at 1°C for 48 hr  and lyo- 
philized. %'eights of fractions were as follows: 
SO. A,-1.50 g ;  SO. A2-.36 g; KO. A3-.56 g; 

NO. A,--1.20 g .  
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TABLE 111. Urinxry Escrction Tests 011 T-a I*ioris Fractions and Subfractions of Intrinsic Fac- 
t o r  1’1-IV. 

S o  intrin- Intrinsic fat- l.’lirtli(~r frnctioxition of intrinsic factor PI-IV-, 
sic factor tor  PI-IV Esti- 
(colltrol), (st~lll~l;ll*d) mated Purifi- 

Patient 7c of 131, (,4 of B,, y6 of B,, U.S.P. cation 
X o .  cscrctccl irig vsc.rc.tcd Fractioii ,--- Yield*--? iiig excreted unitst factor$ 

chromatographic peaks were obtained. one 
unadsorbed ( B , )  and the other adsorbed and 
eluted ( B2)  . The activity appeared in both 
fractions (Table 111). with no purification 
over the starting material. 

Tn a third experiment, intrinsic factor PT- 
I\’ was fractionated on the DEAE-cellulose 
exchanger at pH 5.4 using gradient elution. 
The gradient was produced with 0.01 ace- 
tate buffer, pH 5.4. and 0.5 31 NaCI. Two 
chromatographic peaks were obtained. one un- 
adsorbed (C,) and the other adsorbed and 
eluted (C,). The activity was adsorbed at 
p H  5.4 (Table 111) and eluted in a single 
fraction, Ce. The  estimated potency of frac- 
tion No. C2 is about 9 mg/U.S.P. unit. The 
unadsorbed fraction was not assayed since in 
a preliminary experiment the unadsorbed frac- 
tion was inactive. Fraction KO. C, was re- 
chromatographed on DEAE-cellulose at pH 
4.7 using gradient elution. The results of 
this experiment are summarized in the elution 
diagram in Fig. 2 .  The  bulk of activity was 
unadsorbed (Table 111). The most active 
fraction had about the same potency as the 

FRACTION NVHBCR 

l s ’ 1 C ; .  3. Effluent diagram: 500 mg intrinsic fac- 
tor Fmct ion  S o .  2 was dissolved in  1 0  ml 
.U1 11 acctate buffer, p H  4.7. Solution was dial- 
\-zed against 200 ml of the acetate buffer for 48 hr 
at 1°C. It wcas passed through a DEAE-cellulose 
colunin (37 X 1.1 em) which had been equilibrated 
with 0.01 M acetate buffer, p H  4.7. Column was 
\\.iLsht>d with buffer and gradient was begun at 
fr;tction 15 and produced by adding 0.01 M acetate 
lbiiffer, pI1 4.7, plus 0.5 M NaCl into a constant 
~oliinic reservoir containing 100 ml 0.01 M acetate 
liiiffer, pH 4.i. Fraction volume was 6 ml and flow 
r;itc’ was 0.75 nil/min. Experiment was carried out 
;it 25°C. Ordinate is optical density at 280 mp and 
represents protein. Fraction pools 3-6 (Fraction 
So. l), 7-11 (Fraction No. 2), 22-24 (Fraction No. 
3 1,  ant1 25-29 (Fraction S o .  4) were dialyzed 
;ig;iinst tlistillcd water at 1°C for  48 hr and lyo- 
philizcd. Weights of fractions were as follows : 
S o .  D,-138 mg;  No. D2-54 mg;  No. D8-50 mg;  

No. D,-l20 mg. 
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TABLE IV. Carbohydrate Analysis of Intrinsic 
Factor Fractions. 

Carbohydrate 
Intrinsic, factor as 

Fraction activity, Mannose, Galactose, 
X o .  mg/U.S.P.unit % % 

35 
15 

Inactive 
12 
9 

10 
12 
14 

9 
18 
10 
70 

Inactive 

5.4 
8.2 

12.8 
8.6 
6.5 
4.2 
6.1 
2.2 

12.8 
6.3 

10.9 
3.1 
7.7 
6.7 

5.8 
10.6 
16.5 
11.1 
8.4 
5.4 
7.9 
2.7 
16.4 
8.1 

14.0 
3.9 

10.0 
8.6 

starting material. The number of peaks ob- 
tained in this experiment indicated that frac- 
tion No. CL was heterogeneous. There was 
also a considerable loss in recoverable activ- 
ity. The active molecule may have split into 
more than one component on further purifica- 
tion or some prosthetic group may have been 
split off. The most active fraction obtained 
by the DEAE-cellulose chromatographic 
method had an estimated potency of 9 mg per 
U.S.P. unit. 

The various fractions obtained were ana- 
lyzed for carbohydrate by the method of 
Gurin and Hood ( 1 2 ) .  The results are sum- 
marized in Table IV. The 520/420 ratios in- 
dicate either mannose or galactose. There 
appears to be some correlation between intrin- 
sic factor activity and carbohydrate content 
since the most active fractions contained the 
smallest amount of carbohydrate. 

Summary and conclusions. A simple method 
is described for preparation of highly purified 
intrinsic factor PI from porcine stomach py- 
loric mucosa. In pernicious anemia patients 
in relapse, 35 mg of intrinsic factor PI when 
given with 15 pg vit. B12 is defined as one 

U.S.P. oral unit. Dialysis of intrinsic factor 
PI gives a material with a potency of about 
15 mg/U.S.P. unit. In the urinary excretion 
test, one-half U.S.P. unit of intrinsic factor PI 
gives significant and measurable urinary ex- 
cretion of vit. B12 Corn when given orally with 
1 pg vit. B12 Cow. Approximately 1.5 U.S.P. 
units of intrinsic factor PI will give maximum 
urinary excretion of vit. BI2 Co60. Intrinsic 
factor PI can be further purified on a DEAE- 
cellulose ion exchanger to give a material with 
an estimated potency of 9 mg/lJ.S.P. unit. 

The aufiors wish to thank W. F. White, Armour 
and Co., and Dr. W. R. Best, University of Illinois 
,College of Medicine, for their assistance in carrying 
out the urinary excretion tests. 
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