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Mechanism of Intrinsic Factor Action in the Gastrectomized Rat.” (22907) 

€3. 0. NIEWEG,~ S. C. SHEN, AND W. B. CASTLE 
Thorndike Memorial Laboratory and Second and Fourth (Harvard) Medical Services, Boston City 

Hospital, and the Department of Medicine, Haruard Medical School, Boston, Mass. 

It has recently been demonstrated that the 
gastrectomized rat is unable to absorb vit. 
B12(1-4). This defect can be abolished 
by simultaneous administration of rat gastric 
juice (3,4) or of preparations containing the 
glandular portion of the rat stomach (2,4). 
The disturbance in vit. B12 absorption in gas- 
trectomized rats therefore is similar to that 
which exists in patients with pernicious 
anemia(5,6,7) or in patients in whom a to- 
tal gastrectomy has been performed (8). 
However, although human gastric juice or 
preparations of hog stomach with intrinsic 
factor activity are capable of enhancing the 
absorption of CoGo-B 12 in pernicious anemia 
and in patients following total gastrectomy, 
these substances are not effective in the gas- 
trectomized rat ( 1-4). 

A number of theories have been proposed 
to explain the action of intrinsic factor. It 
has been suggested that it binds vit. B12(9), 
thereby either “activating” it ( 10) or making 
it unavailable to micro-organisms ( 1 1,12 ) or 
parasites( 13,14) present in the intestine. 
According to a different hypothesis( 15) the 
intrinsic factor acts primarily on the intes- 
tinal wall and in some way specifically facili- 
tates absorption of vit. B12. The purpose of 
our experiments was to determine whether 
the more significant relation was between in- 
trinsic factor and vit. BI2 or between intrinsic 
factor and the intestinal wall. 

Methods. Two different technics were 
used in securing data about the effects of rat 
intrinsic factor upon CoSo-B12 absorption in 
the gastrectomized rat. The first method em- 
ployed totally gastrectomized rats; and the 
experimental procedures, which involved de- 
terminations of radioactivity of the feces fol- 

* The expenses of this investigation were defrayed 
in part by the J. K. Lilly gift to the Harvard Medical 
School. 

t Fellow, Netherlands Organization for Pure Re- 
search Z.W.O., on leave from the University of Gron- 
ingen. 

lowing a single administration of a test dose 
of CoG0--Bl2, were essentially similar to those 
previously reported (4) .  The second method 
involved experiments designed to determine 
the radioactivity present in the wall of iso- 
lated loops of small intestine created a t  a 
second operation in rats that had previously 
been subjected to total gastrectomy. In 
these experiments, a test dose of CoG0-Bl2 
was perfused in the presence of intrinsic 
factor or of a control substance at an estab- 
lished rate for a specified time through each 
of a pair of intestinal loops in the same ani- 
mal. The loops were then washed briefly, 
removed and measured for radioactivity. 
The radioactive CoG*-B12$ employed had a 
specific activity of 1.08 pcrpg and was given, 
unless otherwise specified below, in a test 
dose of 0.015 pg dissolved in 1 ml of water. 

A. Experiments with gastrectomized rats. 
After total gastrectomy, animals were fed a 
vit. Biz-free, low residue diet containing 18% 
casein as the source of protein. Gastrecto- 
mized rats were not used in experiments until 
a t  least 10 days after operation and only if 
they appeared to be in good health. At least 
5 days elapsed between successive administra- 
tions of CoS0-B12 in the same gastrectomized 
animal. During the experiments the animals 
were kept in individual metabolism cages 
permitting total collection of stools without 
coprophagy, during a 4-day period following 
administration of the test dose of Co60-B12, 
simultaneously with or without substances to 
be tested for intrinsic factor activity. These 
were prepared in liquid form and were in- 
jected from different syringes in measured 
amounts by means of a small rubber catheter 
about 3 mm in diameter, that had been cau- 
tiously inserted through the esophagus for a 
distance of 8-10 cm. The animals had no 

$ This material was kindly made available to us 
‘by Dr. Nathaniel S. Ritter of Merck and Co., Ra!h- 
way, N. J.  
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access to food for a t  least 3 hours before and 
3 hours after administration of test materials. 

A highly purified preparation of hog in- 
trinsic factor, WES 386,O was administered 
simultaneously with Co""-B1 to determine 
whether, in the virtual absence of interfering 
substances present in cruder preparations of 
hog intrinsic factor( 16) ,  the latter would be 
effective like rat intrinsic factor. Five mg 
of this preparation were considered to pos- 
sess the intrinsic factor activity present in 
1 oral unit of a pharmaceutical preparation 
of vit. B12 with Intrinsic Factor Concentrate, 
U.S.P. In a first group of gastrectomized 
rats, the test dose of Co6O-BI2 alone was ad- 
ministered in 2 ml of water. In a second 
group it was given with 0.5 mg of WES 386 
in 2 ml of water. In a third group the dose 
of WES 386 was 0.05 mg in 2 ml of water. 
From Fig. 1 i t  can be seen that this hog 
stomach preparation was without detectable 
effect upon vit. BI2 absorption a t  either dos- 
age level. 
______ . 

6 Kindly made available to us by Dr. W. L. 
Williams of Lederle Laboratories Division, American 
Cyanamid Co., Pearl River, N. Y. 

.-in intraperitoneal injection of 5 a rat 
stomach homogenized in 5 ml of water was 
given to each of a group of gastrectomized 
rats. Simultaneously, each animal was given 
the test dose of CoG0-Bl2 by stomach tube. 
-4s shown in Fig. 1, there was no enhance- 
ment of absorption of radioactive vit. BIZ 
although this readily occurs when these sub- 
stances are given together by mouth in such 
amounts (4). 

Homogenized rat stomach was administered 
at pH 1.85 and at neutrality to determine the 
effect of maintained acidity upon the action 
of rat intrinsic factor because of the results of 
previous observations ( 17) of similar type in 
pernicious anemia. The buffering effect of 
the stomach tissue was such that in order to 
lower the pH to 1.85, i t  was necessary to add 
about 4 ml normal HC1 to the test dose of 
of a homogenized rat stomach, about 0.75 g. 
The suspension was made up to 5 ml with 
water. In a first group of gastrectomized rats 
the rat stomach preparation was given at pH 
7 simultaneously with the test dose of 
Cofj0-Bl2. In a second group the rat stomach 
was given a t  pH 1.85. In  a third group, fol- 
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FIG. 2. Radioactivity recovered in feces expressed 
as percentage of t.he single dose of 0.015 p g  Cow- 
B,, administered together with the substances in- 
dicated. Each dot represents the result of an ex- 
periment on a single rat ; bars indicate averages. 

lowing incubation at  pH 1.85 for 24 hours a t  
37.5"C, the rat stomach was given at  pH 7 
immediately after addition of NaOH. In a 
fourth group, following incubation at  pH 1.85 
for 3 hours a t  37.5"C, the homogenized rat 
stomach after similar treatment with NaOH 
was given at  pH 7. The results shown in 
Fig. 1 indicate that acidification prevented 
the function of rat intrinsic factor in vivo. 

Influence of the order of administration of 
C O ~ ~ - B , ,  and rat gastric juice when sepa- 
rated by an interval was studied because of 
the results of previous observations ( 15) of 
similar type in pernicious anemia. A first 
group of gastrectomized rats was given the 
test dose of Co60--B12, dissolved in 3 ml of 
water, and this was followed after 60 minutes 
by 3 ml of rat gastric juice. A second group 
of rats received the Co60-B12 60 minutes after 
the rat gastric juice. In a third group, the 
CoG0-Bl2 preceded the rat gastric juice by 30 
minutes; and in a fourth group rat gastric 
juice preceded the CO'~O-B~~ by 30 minutes. 
As may be seen in Fig. 2, there was no defi- 
nite evidence of difference due to the order of 
administration of the 2 substances. However, 
when Cd0-B12 and rat gastric juice were 

given simultaneously to a final group of rats 
the usual effect of rat intrinsic factor was 
manifest by decreased excretion of radioac- 
tivity in the feces. 

B .  Experiments with isolated loops of 
small intestine with intact blood supply. Gas- 
trectomized rats were fasted 24 hours and 
then anesthetized by an intraperitoneal injec- 
tion of Nembutal (pentobarbital sodium). A 
midline incision was made in the anterior ab- 
dominal wall and the ileum was ligated about 
10-15 cm from the ileocecal junction. A poly- 
ethylene catheter about 3 mm in diameter was 
then introduced through the wall of the gut 
about 1 cm above the first ligature and tied in 
place pointing upward. About 10 cm higher 
up along the intestine another polyethylene 
catheter was introduced and tied in place 
pointing downward. Thus an isolated loop of 
intestine with intact blood supply was created 
that could be perfused by test mixtures intro- 
duced into the intestine through the upper 
catheter and flowing out through the lower. 
A second 10 cm loop of intestine was then 
created slightly higher up in the intestine 
than the first and was similarly isolated be- 
tween 2 catheters. Throughout the operative 
procedure the intestine was handled with care 
in order to maintain the circulation as evi- 
denced by arterial pulsation and normal color. 
The abdominal wall was then closed by su- 
tures, with care to prevent obstruction of the 
intra-intestinal orifices of the catheters or 
angulation of the gut by malpositioning of 
catheters as they emerged through the ab- 
dominal incision. 

Jn the performance of experiments, both 
isolated loops were simultaneously perfused 
through their respective upper catheters with 
the 2 different mixtures to be tested a t  a rate 
of 1 ml for the first minute and of 0.2 ml/'min 
for the next 15 minutes. After this, the loops 
were a t  once rinsed out with 6 ml of saline 
and then were emptied of the saline solution 
by introduction of air through the upper 
catheter. The loops were then taken out of 
the abdomen, the catheters removed and the 
mesentery trimmed at its intestinal insertion. 
Each intestinal segment was then put into a 
previously weighed tube, containing 3 ml of 
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TABLE I. Radioactivity of Pairs of Perfused Iii- 
test.ina1 Loops Expressed as Counts/Min./g Tissue. 

A. COOO-R,~ perfused with : 
Rat Heated rat 

Rat S o .  gastric juico gastric juice 

> - 
4 

Rat  So. 

concentrated H2S04. The tubes were then 
reweighed to determine weight of the tissue 
by difference. and its dissolution was effected 
by vigorous shaking. Finally. the amount of 
radioactivity present in each tube was deter- 
mined in a well-type scintillation counter for 
which the background was about 500 counts 
min. The results are expressed in Table I 
as counts min 'g of tissue. To minimize any 
differences characteristic of upper or lower 
loops of intestine the test mixture in one rat 
was perfused through either the upper or the 
lower isolated loop and in the nest rat the 
same mixture was perfused through either the 
lower or the upper loop, respectively. How- 
ever, in none of the experiments were consis- 
tent differences between radioactivity of up- 
per and lower intestinal loops observed. 

In one group of rats so prepared a mixture 
of 2 ml of neutralized rat gastric juice and 
2 ml of 2.5% human albuitiin, to which 
0.015 pg of CoG"-B12 had been added. was 
perfused through one intestinal loop. 
Through the other loop were perfused 2 ml of 
neutralized rat gastric juice which had been 
heated for 10 minutes a t  100°C to destroy 
its intrinsic factor activity(4) and 2 ml of 

25% human albumin to which 0.015 pg of 
CoG0-Bl2 had been added, The results shown 
in Table I indicate that unheated rat gastric 
juice was distinctly more active in promoting 
absorption of vit. BI2 by the intestinal wall 
than was heated rat gastric juice. In  a sec- 
ond group of such rats the experimental pro- 
cedure was identical except that neutralized 
normal h i m a n  gastric juice was employed in- 
stead of rat gastric juice as a source of in- 
trinsic factor. The results shown in Table I 
indicate no consistently greater activity of 
unheated compared to that of heated human 
gastric juice in promoting absorption of 
Co'"'-B 

In a final set of experiments the effect of 
psior in nitro saturation of the  binding capac- 
i t y  of rat gastric juice with labelled or with 
iriilubclled vit. Brl ,  respectively, was studied 
b>, simultaneous perfusion of a pair of iso- 
lated intestinal loops. For example, the first 
niisture was prepared by adding 0.8 pg of 
C 'O '~"-B~~ to 20 ml of rat gastric juice which 
was then dialyzed in a cellophane bag for 24 
hours against water in the refrigerator. Ra- 
dioactivity measurements indicated that only 
0.22 pg of labelled vit. B12 remained within 
the bag. presumably in a bound state. It was 
assumed that similar amounts of unlabelled 
vit. BIZ remained in an aliquot of the sample 
of rat gastric juice treated at  the same time 
in the same way after addition of the same 
amount of unlabelled vit. Biz. The contents 
of the bags were removed and kept frozen un- 
til required for use. 

When an experiment was run, to 2 ml of 
dialyzed rat gastric juice containing labelled 
vit. Rll  was added an equal amount of un- 
labelled vit. Bls in 2 ml of saline, together 
with 0.6 ml of saline. Four rnl of this mix- 
t ure, which was prepared immediately before 
use, were perfused through one intestinal loop, 
while the other intestinal loop was perfused 
with a mixture prepared in identical fashion 
except that the rat gastric juice had been first 
exposed to unlabelled vit. B12 and subse- 
quently, after dialysis, to labelled vit. BI2. 
Because all unbound vit. B12 had presum- 
ably been lost from the dialysis bag, it was 
assumed that the vit. B12 subsequently added 

1 1  * 
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TABLE 11. Radioactivity of Pairs of Perfused 
Iiitestinal Loops Expressed as Counts/Nin./g Tis- 

sue. 

Rat gastric juice first saturated with : 
Urilabelled Labelled 

Rat KO. vit. B,, vit. B,, 

2 
4 
6 

Upper loop 
108 
468 
294 
460 
474 
862 

Lower loop 
538 
574 
289 

451 

~~ __ 
Lower loop 

4'76 
1368 

587 
1261 
2195 
2209 

Gpper loop 
420 
i 5 0  
927 

1132 

could not immediately replace that present 
in the bound form. Consequently, the ex- 
perimental design permitted one intestinal 
loop to be perfused with rat gastric juice in 
which all or most of the bound vit. B12 was 
radioactive while the other loop was perfused 
with rat gastric juice in which the same 
amount of bound vit. B12 was non-radioac- 
tive. The results are shown in Table 11. In 
the experiment on Rat No. 1 the amount of 
radioactive vit. B12 and of non-radioactive 
vit. B12, respectively, perfused through each 
of the two loops was 0.022 pg. In experi- 
ments on 8 other rats both these values were 
0.031 pg. The data in Table 11, with one ex- 
ception, indicate a greater amount of radio- 
activity in the wall of the intestinal loop when 
the rat gastric juice had been initially ex- 
posed to labelled vit. B12 than when the first 
exposure had been to unlabelled vit. B12. 

Discussion. Human gastric juice (4), hog 
gastric juice(2) and a commercial hog 
stomach preparation (1) did not increase the 
absorption of Co60-B,2 in the gastrectomized 
rat. On the other hand, rat stomach prepara- 
tions ( 2-4) and rat gastric juice (3,4) were 
active in this respect. In normal rats with 
isolated loops of small intestine with intact 
blood supply during 20-hour periods the ab- 
sorption of Co57-B12 was enhanced by prepa- 
rations of rat stomach and inhibited by prepa- 
rations of hog duodenum(l8). This appar- 
ent species specificity of intrinsic factor was 
also demonstrated in the present short term 
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experiments with paired isolated loops of 
small bowel with intact blood supply created 
in previously gastrectomized, anesthetized 
rats. As shown in Table I the radioactivity 
of the wall of the intestinal loop perfused 
for 16 minutes with Co60-B12 and rat gastric 
juice was consistently greater than that of 
the paired loop perfused with Co60-B12 and 
rat gastric juice previously heated to 100°C 
for 10 minutes to destroy intrinsic factor ac- 
tivity(4,19). On the other hand, no consis- 
tent difference was observed with heated and 
unheated human gastric juice. Maintenance 
of the circulation is seemingly important for 
the function of intrinsic factor because in ex- 
periments (20) with segments of rat intestine 
removed from the animal, rat gastric juice 
has been shown to inhibit the uptake of radio- 
active vit. B12 by the tissue. 

Because relatively crude preparations of 
hog intrinsic factor may antagonize the ab- 
sorption of Co6O-BI2 in normal rats ( 1,2 1) 
and human subjects ( 16), the most highly 
purified preparation of hog intrinsic factor 
available to us was tested. As shown in Fig. 
1, this preparation, WES 386, in test doses 
of 0.5 and 0.05 mg, respectively, equivalent 
to 1/10 and 1/100 of a U.S.P. unit of intrin- 
sic factor activity, and containing less than 
0.05 ppg and 0.005 ppg of unlabelled vit. 
B12, was without effect on the absorption of 
0.015 pg of Co6*-BI2 in the gastrectomized 
rat. Consequently, the species specificity of 
rat intrinsic factor suggested by others( 1) 
now appears to have been demonstrated and 
presumably explains the similar inactivity of 
human gastric juice (4) in the gastrectomized 
rat. It is of interest, however, that the dif- 
ference between the activity of human and 
of hog intrinsic factor in pernicious anemia 
(22-23)  is but slight. 

Although several kinds of tissue proteins 
bind vit. BI2(24), extracts of hog stomach 
mucosa bind relatively large amounts (2 5) as 
do highly purified and clinically active prepa- 
rations of hog intrinsic factor (26,27). More- 
over, electrophoretic dispersions of normal 
human gastric juice exhibit several peaks of 
binding activity (28) which are reduced by 
exposure to pH 10 to one component which 
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alone possesses intrinsic factor activity (29). 
As shown here rat gastric juice also binds vit. 
B12. It is therefore possible that binding ca- 
pacity is a characteristic common to all spe- 
cies of intrinsic factor. According to the re- 
sults of 9 experiments shown in Table IT. 
with 1 exception. the absorption of Co""-B, 1! 

was greater when the labelled rather than the 
unlabelled form of vit. BIZ  was bbbound" by 
the rat gastric juice. This result. which con- 
firms similar observations( 30) in pernicious 
anemia. clearly suggests that binding of vit. 
B1,, to intrinsic factor is of importance in its 
absorption. Recent observations( 3 1 ) em- 
ploying rat and hog stomach preparations 
have likewise emphasized the positive influ- 
ence of priority of contact with C'o"''-BI., upon 
its assimilation. However. if  vit. BIZ  bind- 
ing is a property common to the intrinsic 
factor of different species. it cannot in itself 
be responsible for the marked specificity of 
rat gastric intrinsic factor for the rat: and 
some additional property of rat intrinsic fac- 
tor must be decisive in determining the ready 
assimilation of CO'~('--B,~ by the gastrecto- 
mized rat. Moreover. in view of the observa- 
tion that crude preparations of hog intrinsic 
factor enhance the absorption of Co""-BI2 
in pernicious anemia but inhibit it in normal 
subjects( 16) as well as in normal rats( 2 1 ) : 
and that in chickens the absorption of 
Co""-Bl2 is inhibited by a diet rich in casein 
(32), the ability of a substance to bind vit. 
BI2 seems by itself actually to oppose the nor- 
mal process of vit. BIZ assimilation. There- 
fore, some other facet of the intrinsic factor 
molecule must be concerned, and may be con- 
ceivably involved in a species-specific relation 
to the intestinal wall. 

Consistent with this supposition is the clini- 
cal evidence ( 15) that the hematopoietic ac- 
tivity of vit. BI2 is greater in pernicious 
anemia when the administration of intrinsic 
factor precedes rather than follows it by an 
interval of a few hours. In such observations 
the theoretical opportunity for contact be- 
tween intrinsic factor and vit. B12 should be 
similar irrespective of the order of their ad- 
ministration. On the other hand, a prepara- 
tory effect of intrinsic factor on the intestinal 

wall would be favored by the prior adminis- 
tration of the intrinsic factor. However, as 
shown in Fig. 2, when a repetition of such 
clinical observations was attempted in the 
gastrectomized rat, even with an interval as 
short as 30 minutes, no certain differences 
could be ascribed to the order of administra- 
tion. Indeed, intrinsic factor activity was de- 
tected only with simultaneous administration. 
This negative result does, however, indicate 
that in the gastrectomized rat the effect of 
intrinsic factor is a very transient one. To- 
gether with the present experiments with 
"bound" vit. BIZ,  labelled and unlabelled, it 
suggests that binding between vit. B12 and 
intrinsic factor is required for its enhancement 
of the absorption of vit. BIZ. 

In the present experiments with gastrecto- 
mized rats it was shown (Fig. 1) that rat 
stomach preparations given a t  pH 1.85 were 
devoid of intrinsic factor activity. However, 
intrinsic factor activity was present after ex- 
posure to pH 1.85 for 3 hours in vitro, pro- 
vided the preparation was neutralized there- 
after a t  the time of administration with 
Co""-BI2 to the rat. Because an increase of 
Co';"-B12 in the livers of intact rats has been 
observed to take place within 15  minutes of 
the administration of Co60-B12 (20) , 3 hours 
should have provided ample time for the ac- 
tion of intrinsic factor to become manifest un- 
less acidity was in some way inhibitory to an 
action of intrinsic factor either within the 
lumen of or on the surface of the intestine. 
As the binding capacity of hog stomach mu- 
cosal extract for vit. B12 is not significantly 
altered between pH 8 and pH 2(25) ,  and as 
this also obtains in our experience with rat 
gastric juice, the inhibitory effect of acidity 
on the action of intrinsic factor in vivo is 
probably exerted on some other property of 
intrinsic factor than its binding capacity. 
Taken together these facts suggest that in 
addition to binding vit. BI2 the peculiar activ- 
ity of intrinsic factor in enhancing the ab- 
sorption of vit. B12 is dependent upon an acid- 
sensitive relation between intrinsic factor and 
the intestinal surface. 

1. In experi- 
ments with gastrectomized rats: (a) The 

Summary and conclusions. 
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probable species specificity of rat intrinsic 
factor was demonstrated by the failure of a 
highly purified preparation of hog intrinsic 
factor to increase the absorption of CoG0-B12. 
(b) In consonance with previous observa- 
tions in pernicious anemia, acidification (pH 
1.85) of a mixture of Cd6O-BI2 and homoge- 
nized rat stomach inhibited the absorption of 
Co6QB12. (c) In contrast to previous obser- 
vations in pernicious anemia, separate serial 
administration of Coe0-Bl2 and rat gastric 
juice failed to show that rat intrinsic factor 
was more effective in promoting the absorp- 
tion of Co60-B12 when it preceded than when 
it followed the Co60-B12. Indeed, no certain 
effect of rat intrinsic factor was detected 
whether it preceded or followed the CoBo-B12 
by as short an interval as 30 minutes. 2. In 
experiments with paired isolated loops of 
small bowel with intact blood supply created 
in previously gastrectomized rats: (a) The 
radioactivity of the wall of the loop perfused 
with Co60-B12 and rat gastric juice was 
greater than that of the paired loop perfused 
with CdG0-B12 and rat gastric juice previously 
heated to destroy its intrinsic factor activity. 
No consistent difference was observed with 
heated or unheated human gastric juice. (b) 
The absorption of CdB0-B12 was greater when 
labelled rather than unlabelled vit. BIZ in 
equal amounts had saturated the binding ca- 
pacity of rat gastric juice before admixture 
with an equal amount of the other form of 
vit. B12 just before the intestinal perfusion. 
3 .  In  conclusion, binding of vit. B12 is an 
important, perhaps indispensable, aspect of 
the function of intrinsic factor. However, 
the fact that vit. BIZ binding is also char- 
acteristic of gastric preparations of man and 
of hog, which are without intrinsic factor 
activity in the rat, suggests that some prop- 
erty of intrinsic factor in addition to its 
vit. B12 binding capacity is required for 
intrinsic factor activity. Possibly this prop- 
erty concerns a relation between intrinsic fac- 
tor and the surface of the intestinal mucosa 
which is disturbed when experimentally the 
contents of the alimentary tract are made 
strongly acid. 
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Requirement for Properdin in Hemolysis of Human Erythrocytes 
Treated with Tannic Acid." (22908) 

CARL F. HISZ, JK.,' JANET ,\BK.L\HAAI, AND LOUIS PILLEMER 

Department of Medicine, School of Medicine and Institute of Pathology, Western Reserve 
University, Cleveland, 0 .  

The hemolysis of the abnormal erythrocytes 
from patients with paroxysmal nocturnal he- 
moglobinuria (PNH) by normal human serum 
requires the properdin system, which consists 
of properdin, the components of complement, 
and magnesium ( 1 ) . Normal human erythro- 
cytes treated with tannic acid (TA cells) are 
also hemolysed by normal serum(2). The 
present report indicates that the hemolysis of 
appropriately treated TA cells also requires 
the properdin system. 

Methods. Erythrocytes. Human group 0 
blood was collected in an equal volume of 
,4lsever's solution and stored at  4°C. The 
blood was stored 4 days before use and dis- 
carded after 1.0 days. The same donor was 
used throughout, although blood samples from 
other donors were equally satisfactory. The 
erythrocytes were washed 3 times in 0.15 M 
NaCl and suspended to 2% in barbital buffer 
containing 0.0005 M MgC12 (3:4). Tanning 
of cells. A stock solution of 1% tannic acid 
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for Clin. Invest., AtIantic City, K. J., May 2, 1955. 
Supported by research grants from N.H.I. and Led- 
erle Lalboratories Division, Amer. Cyanamid Co., 
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t U. S. Public Health Service Postdoctoral Re- 
search Fellow. 

in 0.15 JI NaCl was stored at 4°C. It was 
diluted immediately before use in 0.15 M 
SaCl  to concentrations optimal for tanning 
cells. The final concentration of tannic acid 
employed was usually 1 : 15,000. There was 
some variation from day to day, and concen- 
trations from 1: 10,000 to 1:8O,OOO were 
tested each day. The activity of the proper- 
din system was demonstrated only for cells 
exposed to a relatively limited range of con- 
centrations of tannic acid. Concentrations 
of greater than 1 : 10,000 caused clumping of 
erythrocytes , slig h t spontaneous hemoly sis , 
and marked hemolysis in serum lacking prop- 
erdin (RP). Concentrations of less than 
1:2O,OOO usually failed to alter the cells. 
There was little difference in activity whether 
the tanning was carried out in silicone treated 
or ordinary glassware. Aliquots of 30 ml of 
erythrocyte suspension and tannic acid solu- 
tion of optimal concentration, in separate 150 
nil Erlenmeyer flasks, were placed in a 37°C 
water bath until the contents of each flask 
reached a temperature of at least 36OC. The 
tannic acid solution was then poured rapidly 
into the cell suspension with continuous and 
vigorous swirling for 5 to 1.0 seconds. The 
mixture was immediately transferred to test 
tubes and centrifuged for 1 minute at approxi- 


