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spleen to 48 hours, and from lung to 32 hours 
following infusion. In fixed sections of nor- 
mal livers or lungs bacterial colonies were not 
seen. On the other hand, colonies of Gram 
negative bacteria were frequently seen in fixed 
sections of lungs and in portal areas of fixed 
sections of liver of cirrhotic rats. Occasion- 
ally bacteria formed micro-abscesses. Cul- 
tures were sometimes negative when colonies 
were observed in the sections. In  both nor- 
mal and cirrhotic rats all urine cultures were 
negative, 

1-1. Distribution of radioactivity in blood 
and tissues following injections of P1 labelled 
E.  coli into normal and cirrhotic rats. In 
normal rats, injected bacteria were promptly 
cleared from the circulation by the liver (Figs. 
1 and 2 )  and lysed since the injected bound 
radioactivity was rapidly converted to ionic 
or dialyzable radioactivity; and the latter was 
promptly excreted in urine (Fig. 3).  This 
rapid disappearance of bacteria from blood, 
and their uptake by liver, with lysis and re- 
lease of 1131 confirmed the bacterial culture 
data which indicated prompt sterilization of 
blood and liver. 

In  ciwhotic rats, on the other hand, though 
uptake of radioactivity by the liver was equal 
to that in normal rats, the bound or non- 
dialyzable radioactivity persisted a t  higher 
levels than in normal rats for 48 hours (Fig. 
3 ) . Only 2 5 % of total radioactivity injected 

was recovered from urine after 36 hours (Fig. 
2 ) .  Furthermore, this impairment of bac- 
terial lysis coincided with persistence of posi- 
tive cultures in blood and liver. 

Comment. These data show that the cirr- 
hotic rat clears bacteria from the circulation 
as well as the normal rat. Persistence of vi- 
able bacteria in liver, lung, and spleen in 
cirrhotic rats suggests that the bactericidal de- 
fense in the R.E. system of lung and spleen as 
well as in liver is damaged. The persistence 
of viable bacteria in blood suggests that the 
blood is being reseeded from the persisting 
foci in the R.E. system. 

Summary. Labelled ( bacteria infused 
into portal vein of normal rats were promptly 
cleared and destroyed with release of ionic 
1131 and its prompt excretion into the urine. 
In cirrhotic rats the clearance process was 
normal, but capacity to destroy bacteria was 
impaired. This resulted in persistence of in- 
gested bacteria and of “bacteria bound” radio- 
activity in liver, lung, and spleen, and con- 
tinued reseeding of the blood stream from 
such foci. 
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The presence of antibodies other than those 
active in a saline environment has been well 
documented with human serums following iso- 
immunization in pregnancy and transfusions. 
These varieties have usually been categorized 
as “univalent” or “incomplete” and are de- 
monstrable in solutions of increased viscosity 
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provided by adding serum, albumin, or poly- 
vinylpyrrolidone. Other methods of detect- 
ing such antibodies include use of trypsinized 
erythrocytes and the antiglobulin or Coombs’ 
test. “Incomplete” types of antibodies have 
also been observed in experimental animals ( 1, 
2,3,4,5,6) but have not been studied in detail. 
The purpose of this paper is to report the ap- 
pearance of high titred, “incomplete” hemag- 
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glutinins for human- erythrocytes in response 
to immunization of the IYebster strain of mice. 
They were demonstrated in 6% human albu- 
min solutions, with trypsinized cells, and by 
means of a Coombs’ reagent made by inject- 
ing whole mouse serum into a rabbit. 

Mate&z l s  and methods.  To a 5% suspen- 
sion of washed erythrocytes. was added 0.1 
the volume of 17 .  trypsin folIowed by incuba- 
tion a t  37 C for 10 minutes. The cells were 
washed 3 more times in O.SS% saline and a 
27% suspension prepared. Three sets of serial 
2-fold dilutions of serum were made in 0.2 
ml of saline and one in 6% human albumin. 
One drop from a 1.0 ml pipette (approsi- 
mately 0.03 ml) of the proper 2 %  erythrocyte 
suspension was added to each series. For the 
saline, albumin and trypsin titrations, the 
tubes were incubated for 1 hour a t  room tem- 
perature, spun in an angle centrifuge a t  1000 
rpm for 1 minute and the button examined 
with a 10X hand lens. Reactions were graded 
as to intensity. The end-point of each titra- 
tion was a 2 +  agglutination which consisted 
of readily visible clumps of cells: lesser de- 
grees of clumping were recorded as 14- hut 
were not included in determining final titre. 
For the Coombs’ titration, approximately 0.03 
ml of a 1:lOO dilution of the anti-mouse 
Coombs’ reagent was added after the titra- 
tions had been incubated for 1 hour and the 
cells had been washed thoroughly with saline. 
The tubes were incubated an additional 15 
minutes; then centrifuged and examined as 
above. 

In Table I. serum was obtained 
following intravenous injection of 0.5 ml of 
packed human group 0 IX‘e cells on days 1, 
2 ,  3, 15  and 16 into six 20 g Webster mice. 
On day 44, the mice received a final injection 
of 0.5 ml of cells subcutaneously and were 

Rcszdts.  

bled from the heart 7 days later. When ori- 
ginally tested, this serum showed a saline titre 
of 1 : 10,000 and an albumin titre of 1: 10,000,- 
000. After 10 months in the refrigerator, i t  
was retested with the results shown below. 
‘The remarkable stability of the antibody and 
the unusually high albumin, trypsin and 
Coombs’ titres following multiple injections 
of antigen may be noted. Similar responses 
have also been obtained with sheep erythro- 
cytes. 

The result in saline as compared with al- 
bumin for a single intraperitoneal dose of 
varying amounts of human erythrocytes is 
shown in Table TI. U’ith 0.05 ml of cells, 
both varieties of antibody were produced on 
the second day after immunization and in- 
creased in amount thereafter. The albumin 
titre was always a few tubes higher than the 
saline titre. However, if the antigen dose was 
decreased to 0.005 ml or 0.0005 ml, only the 
albumin variety of antibody appeared in titres 
as high as two to the fourteenth power (1: 
16,384). In other experiments, the “incom- 
plete” titres have varied from 1:512 to 
1 : 4096. Subcutaneous injections of antigen 
gave similar results. 

Discussion. The term “incomplete” anti- 
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body as used in this paper does not necessarily 
imply that each hemagglutin is physically and 
chemically separable into different compon- 
ents. I t  is entirely possible that the albumin, 
trypsin and Coombs’ antibodies are the same 
as the saline variety but demonstrable only 
under special conditions. We have used the 
term in the latter sense until more specific 
data are available. 

The dextran-active mouse hemagglutinin 
described by Gorer (1,2) in contrast to the 
one reported herein, was induced by tumor 
transplants. It was also quite labile on stor- 
age and of relatively low titre. Chattergee et 
al. (6) described a mouse, anti-sheep, and 
anti-rabbit hemagglutinin which was detected 
in tissue culture by the Coombs’ test. Their 
data, however, were not entirely convincing. 
@ ~ e n ( 4 )  discussed a “blocking” and a 
Coombs’ hemagglutinin in the serum of chick- 
ens immunized with human erythrocytes ; his 
experimental data were not presented. An un- 
successful attempt to induce “incomplete” 
antibody in rabbits immunized with human 
erythrocytes was reported by Foster ( 7 )  to- 
gether with qualitative differences in hemag- 
glutinating versus hemolytic activity during 
the primary and secondary immune responses. 
With single injections of human erythrocytes 
into mice, we have not obtained antibodies 
with hemolytic properties. However, with 
sheep erythrocytes as antigen, a hemolysin is 
regularly induced. 

Demonstration of a marked hemagglutin re- 
sponse to primary immunization which is not 
detected in saline will come as no surprise to 
those experienced with isoimmunization in 
pregnancy. One often receives human serums 

without saline antibodies which, on testing 
with trypsinized cells, with 20% albumin, or 
with an anti-globulin serum, are found to con- 
tain an Rh agglutinin a t  a titre of 1: 1024 or 
greater (8) .  The presence of a similar situa- 
tion in the mouse suggests that studies in 
which only the saline or hemolytic variety of 
antibody has been measured may require re- 
examination. Thus preliminary experiments 
with X-radiation of mice indicate that saline 
and trypsin hemagglutinin formation are in- 
hibited to a greater degree than the albumin 
or the Coombs’ response (Frisch and Davies, 
unpublished). 

Summary. Injection of human, sheep and 
rabbit erythrocytes into Webster mice results 
in the appearance of “incomplete” varieties 
of hemagglutinins detectable in albumin, with 
trypsinized cells, and by means of a Coombs’ 
reagent. In  some animals given small doses 
of antigen, the saline agglutinin does not ap- 
pear. At the same time, the “incomplete” 
ones may be present in high titre and escape 
notice unless tested for specifically. 
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____ -. -____.-- The electrochemical properties of smooth 
muscle cells are so poorly understood that i t  
is a question whether the relations between 
ions’ distrilbutions and transmembrane poten- 
tials is the same as, or merely similar to, the 
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