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During study of role of intestinal bacteria 
in genesis of experimental dietary cirrhosis in 
rats( 1 ) ,  we noted abscesses in the lung or 
liver of rat: which developed cirrhosis and, by 
contrast, the absence of such infection in those 
protected from developing cirrhosis. This 
suggests that the cirrhotic rats were less resis- 
tant to common bacterial invaders. In this 
communication we report results of a study of 
antibacterial resistance of these cirrhotic rats. 

M e f h o d .  The experiments were designed 
to compare ability of normal and cirrhotic 
rats( 1) to clear the circulation of bacteria in- 
jected into the portal vein; and ( 2 )  to lyse 
the ingested bacteria. E. coli, labelled with 
IIR1 by method previously reported ( 2 )  , were 
washed in saline (0.85%) and then dialyzed 
against saline a t  room temperature until al- 
most all radioactivity was removed from su- 
pernatant. Assay of the supernatant of the 
bacterial suspension for radioactivity at  vari- 
ous intervals during 48 hours after dialysis, 
demonstrated that the iodine taken up re- 
mained tightly bound. All radioactivity de- 
terminations were done with deep well scintil- 
lometer. The different bacterial suspensions 
injected were adjusted by dilution to yield ap- 
proximately the same concentration of bac- 
teria and were about equal in terms of radio- 
activity. The viability of these labelled bac- 
teria was tested by subculture every 12 hours. 
It was estimated from colony counts that all 
remained viable for duration of experiment. 

Normal and cirrhotict male albino rats of 
~ 

* Supported by research grants from Nat. Cancer 
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the Wistar strain (wt. 250-300 g)  received 10 
drops of saturated solution tfi KI  in their 
drinking water each day for 2 ,days prior to 
experiment to saturate the thyroid as well as 
other tissues with iodine, and thus preclude 
binding of liberated I1”. Through a small 
midline abdominal incision made under light 
ether anesthesia, 0.5 ml of a bacterial suspen- 
sion (10’ bacteria) of F1 labelled E. coli was 
injected into the splenic vein of each rat. The 
same volume of this suspension was used as 
standard to measure total radioactivity in- 
jected. Smaller injectates gave poorly repro- 
ducible curves ; larger injectates were rapidly 
fatal to cirrhotic rats. 

Each rat was isolated in individual meta- 
bolic cage and all excreta collected. At various 
intervals after injection the rats were 
killed by exsanguination. One gram sam- 
ples of blood, liver, spleen, lung, and urine 
were planted in various media for cul- 
tures of aerobic and anaerobic bacteria. 
Samples of cirrhotic livers were taken for 
microscopic confirmation of cirrhosis. Liver, 
lungs, spleen, kidneys, gastrointestinal tract, 
thyroid, heart, and a portion of muscle (ham- 
string) were removed, weighed and homoge- 
nized. Appropriate aliquots (2  ml) of the 
homogenates were then assayed in duplicate 
for gamma radiation by deep well scintillome- 
ter. Remainder of homogenate was then 
dialyzed at  room temperature against running 
tap water for 24 hours, after which 2 ml ali- 
quots were measured for gamma radioactivity. 
The total, bound and dialyzable radioactivity 

t Cirrhosis was induced by feeding choline deficient 
diet for 300 days(1). 
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of blood and each tissue was then calculated,: 
and with the aid of the standard, the results 
expressed in terms of percent of total radio- 
activity injected. 

That  bound and free radioactivity could 
be taken as a measure of unlysed and 
lysed bacteria respecti.iiely in samples of 
tissues and fluid was demonstrated bx 
results of experiments in which K P  in sal- 
ine$ (1  ml) was infused intravenously into 
normal and cirrhotic rats prefed iodine (KT) 
as described above. Sixty-five to 78% of the 
KI'"l was excreted within 24 hours by both 
normal and cirrhotic rats, and all radioactiv- 
ity nieasured in aliquots of blood and in tis- 
sue homogenates was dialyzable. Because 
nearly all recoverable infusate of P1 was rap- 
idly excreted in urine, it is proper to conclude 
that binding of liberated to yield non- 
dialyzable radioactivity did not occur to any 
significant extent. 

Results. I. Bacteriological. A. Infusion of 
KIl" l .  Following administration of K P  to 
normal rats, all cultures of blood, liver, lung, 
spleen and urine taken a t  intervals from nor- 

1 a l ) ~ ~ l I c d  X. coli iiito tllcb 
sl)ltwie vc~iii. 

: Blood volume was estimated to be 1076 and 
skeletal muscle 40% of  total body weight. 

\5 Total radioactivity and iodine content of this 
solution was approximately equivalent to that of Is/2 
ml of suspension of labelled bacteria. 

ma1 rats were sterile, while 20% of cultures of 
blood and liver from cirrhotic rats were posi- 
tive for E .  ~ 0 1 i .  

B. Infusion of E .  coli labelled with I131. 
In normal rats E. coli were recovered from cul- 
tures of spleen to 2 hours after infusion; from 
blood cultures to 6 hours following infusion; 
and from cultures of liver and lungs to 12 
hours following infusion. In  cirrhotic rats, 
E.  coli were recovered from blood, liver, and 
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FIG. 2. Total and bound (non-dialyzable) radio- 
activity in liver of normal arid cirrhotic rats a t  in- 
tervals a f te r  inj. of Il3I labelled E .  coli into splenic 
vein. 

FIG. 3. Radioactivity (ionic) recovered froin 
urine o f  normal and cirrhotic rats after admiiiis- 
tration of labelled E .  coZi into splenic vein. 
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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. 

1. Rutenburg, A. M., Sonnenblick, E., Koven, I., 
Aprahamian, H. A., Reiner, L., Fine, J., J .  Exp .  Med., 
1957, v106, 1. 

2. Schweinburg, F. B., Seligman, A. M., Fine, J., 
N.E.J.  Med., 1950, v242, 747. 

Received April 6, 1959. P.S.E.B.M., 1959, v101. 

“Complete” and “Incomplete” Hemagglutin Formation in the Mouse.* 
(2491 1 ) 

ARTHUR W. FRISCH AND GORDON H. DAVIES 
Dept. of Microbiology, University o f  Oregon Medical School, Portland 

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 

*Supported by grant from Univ. of Oregon Med. 
School Research Fn. and Dorsey Endowment Fund. 

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- 


