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Role of the Liver in the Catabolism of Serum Haptoglobin. (31514) 
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B u$al o 

Studies on the catabolism of serum hapto- 
globin (Hp) have been confined largely to 
the fate of its complex with hemoglobin (Hp- 
Hb). While all such experiments are in ac- 
cord in documenting the rapid disappearance 
of the Hp-Hb complex from the circulation 
(T5 of 88 to 120 minutes) in man and ex- 
perimental animals ( 1,2,3), the site of catabo- 
lism of the complex remains uncertain. It has 
been proposed that the reticuloendothelial (R- 
E) system plays a major role in removal of 
the Hp-Hb complex( 1 ) , but the importance 
of a major component of this system, the 
liver, in this process has been disputed (2). A 
recent study suggests that this organ is not 
of major importance in the catabolism of 
haptoglobin in its uncomplexed state(4). In 
an effort to define the role of the liver in the 
catabolism of both free and complexed hap- 
toglobin, the clearance of 1125-labelled human 
haptoglobin (type 2-2) and 1125 Hp-Hb was 
studied in the isolated perfused rat liver sys- 
tem, as well as in intact animals. 

Methods and materiazs. Human Hp, type 
2-2, was isolated from normal human plasma 
by the method of Smith et al(5)  employing 
minor modifications. Purity of the product 
was confirmed by starch gel and immuno- 
electrophoresis. Radioiodina tion of human 
H p  was carried out as described by Yagi et 
aZ(6) and resulted in 1 atom of I per mole of 
Hp. The specific activity of the product was 
1010 pc/mg protein at  time of preparation. 
Radioautography of the iodinated protein 
after starch-gel electrophoresis revealed only 
the multiple bands characteristic of Hp 2-2. 
The details of the rat liver perfusion appa- 
ratus and the perfusion technique have ap- 
peared previously( 7) .  Livers and perfusing 
blood were obtained from normal fed 
Sprague-Dawley rats (250-300 g) .  Two per- 
fusions were carried out: in the first, 2.1 pc 
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of Hp were added to the reservoir after 
30 minutes of equilibration. In the second 
perfusion, 2 pc of IlZ5 H p  in the form of its 
complex with human hemoglobin ( P 5  Hp- 
Hb) were added. Samples were obtained from 
the reservoir 10 minutes after introduction 
of the isotope and at 30-minute intervals 
thereafter. In addition, intake and outflow 
samples were obtained directly from the ap- 
propriate cannulae on the liver a t  hourly in- 
tervals. Plasma samples were counted for 
radioactivity in a well-type scintillation 
counter; then the proteins were precipitated 
with 10% trichloroacetic acid (TCA) and 
protein-bound ( TCA-precipitable) radioac- 
tivity was determined. 

In the experiments with intact animals, 
three 350 g Sprague-Dawley rats (Group 1) 
were injected via the dorsal vein of the penis 
with 1.4 pc of 1125 Hp, and blood samples 
were obtained with capillary tubes from the 
retroorbital plexus. Samples were obtained 
10 minutes after injection, 6 hours later, and 
thereafter at 24-hour intervals. These ani- 
mals were sacrificed 4 days after injection, 
and portions of liver, spleen, thyroid, muscle, 
intestine, and pancreas were removed for 
counting. Group 2 consisted of 3 rats each 
injected intravenously with 2.2 pc of 1125- 
Hp-Hb; samples were obtained 101 minutes 
later, and then at 30-minute intervals. Be- 
cause of the rapid disappearance of plasma 
radioactivity in these animals, they were sac- 
rificed 5 hours after injection and portions 
of organs obtained as above. 

Results. 1. Perfusions. There was no sig- 
nificant decrease in either total plasma or 
protein-bound radioactivity during 4 hours 
of perfusion with 1125 Hp (Fig. 1). Because 
of the gross hemolysis which is evident in the 
perfusing plasma after 1-2 hours of perfu- 
sion, it is probable that the 1125-labelled Hp, 
although injected in the unbound state ini- 
tially, later became complexed to liberated 
rat hemoglobin. Despite this likelihood, after 
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FIG. 1 .  Plasma radioactivity and trichloracetic 
acid-precipitable radioactivity during rat liver per- 
fusion after addition of 1'" Hp, and I'% Hp-Hb 
complex. 

3 hours, sufficient human Hb was added to 
the perfusate to bind any free 1125 Hp that 
might have remained. No change in plasma 
or protein-bound radioactivity was observed 
after this procedure. At the conclusion of 
this perfusion, the liver was weighed, and a 
weighed portion counted for radioactivity. 
About 2.5% of the injected radioactivity was 
calculated to be present in the liver and its 
retained blood. Negligible radioactivity 
(0.2% of the injected dose) was found in the 
3.5 ml of bile produced during the perfusion. 
In the second perfusion where 1125 Hp-Hb 
was injected, negligible clearance of the Hp- 
Hb complex was noted (Fig. 1 ) .  A portion 
of the liver was removed, weighed and 
counted, and the remainder of the organ was 
perfused with Ringer's solution until the 
d u e n t  was clear; a portion of this tissue, 
considered to represent hepatic tissue free of 
capillary blood, was then weighed and 
counted. Only one-third of the counts in the 
organ, or 1% of the injected dose, remained 
after flushing with Ringer's solution. 

2. In the intact rats, the disappearance 
curves of 1125 Hp-Hb and 1126 H p  are illus- 
trated in Fig. 2A and 2B. The rapid in vivo 
clearance of the Hp-Hb complex (TS 78- 
162 min; avg. 128 min) is in accord with 
previous studies in other species. When these 
animals were sacrificed, after 3 hours in one 
rat, and after 5 hours in the remaining ani- 
mals, radioactivity appeared in the liver, 
spleen, kidney, and thyroid in order of de- 

creasing magnitude. The rats had not re- 
ceived prior treatment with Lugol's solution, 
and bone marrow was not obtained. About 
6% of the injected dose appeared in the liver. 
Data from the perfusion studies would indi- 
cate that about % of this radioactivity was 
in the blood retained in the organ. One- 
third, or 2 %, represented true hepatic reten- 
tion of the labelled protein. This figure is in 
good accord with that obtained in the perfu- 
sion studies and clearly suggests that the liver 
is not a major site of catabolism of Hp-Hb. 
When organ radioactivity was calculated per 
gram of tissue, the order of radioactivity was 
thyroid>spleen >liver > kidney. 

In the animals injected with free 1125-la- 
belled haptoglobin, clearance was much 
slower ( T S  = 0.8 day). This is in accord 
with turnover studies performed with 1131- 
and 1125-labelled human haptoglobin (8,9). It 
is of interest that the half-life of this same 
batch of labelled H p  in humans with Hodg- 
kin's disease was of the order 2.5 to 3 days 
(9) ; the faster turnover in the rat is con- 
sistent with the more rapid metabolic proc- 
esses noted in smaller mammaIian species 
(10). Most of the organ radioactivity in 
these animals, sacrificed after 4 days, was 
concentrated in the thyroid gland (about 
25% of the injected dose). This would be 
expected, since blood radioactivity had fallen 
to low levels and much of the labelled pro- 
tein would have been degraded. No iodine 
had been given to block thyroidal uptake. 
Kidney, liver, and spleen radioactivity was 
slightly higher in that order, per gram of tis- 
sue, than thymus, muscle, pancreas or intes- 
tine, but retained radioactivity did not ex- 
ceed 0.01% in any of these organs. 

Discussion. Studies on the site of degrada- 
tion of serum haptoglobin have been con- 
cerned with the Hp-Hb complex, which is 
cleared rapidly from the circulation in man 
and laboratory animals. Murray et aZ(1) 
found that 4 hours after injection of the com- 
plex into rabbits, most of the radioactivity 
was found in the liver; the kidneys con- 
tained only traces. Franklin et aZ(2) studied 
the clearance of human 1131 Hp-Hb, and Hp- 
Hb-Fe59 also in rabbits, and found plasma 
radioactivity half-times of 110 and 78 min- 
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FIG. 2A. Disappearance of plasmla radioactivity afiter intravenoas injection of human 

FIlG. 2B. Disappearance of plasma radioactivity after intravenous injection of human 11%- 
Hp-Hb complex into rats. Note time scale in hours. 

labelled H p  into rats. Note time scale in days. 

U t e s ,  respectively, for the differently tagged 
Hp-Hb complexes. Injection of a mixture of 
I131-albumin and H P - F ~ ~ ~ - H ~  into the portal 
vein of rabbits with sampling of vena caval 
blood indicated that neither of these proteins 
was fixed by the liver; these data would ap- 
pear to contradict the findings of Murray et 
al cited above. This apparent discrepancy is 
resolved by our data which indicate that 1125 
Hp-Hb is not taken up any appreciable de- 
gree by the liver, either in the perfusion sys- 
tem or in vivo. The apparent preponderance 
of uptake by the liver, compared with other 
organs, is due to the size of that organ and 
its large capillary bed; thus, at least of 
the radioactivity can be attributed to re- 
tained blood. 

Our in vivo studies also confirm the slower 
disappearance of uncomplexed haptoglobin 
noted in man and rabbits. The fate of this 
material remains unclear, since a t  the time 
of sacrifice, 4 days after injection, the re- 
tained protein had been largely degraded and 
most of the P5 was concentrated in the thy- 

roid gland. The finding of Jayle and co- 
workers (4) that the half-life of I131-labelled 
rabbit haptoglobin was not altered by carbon 
tetrachloride-induced liver damage in rab- 
bits suggests that the liver does not play a 
major role in the degradation of uncom- 
plexed haptoglobin. 

Although these studies were performed 
with a heterologous protein, the period of ob- 
servation in the intact animals was too short 
to expect immune reactions to play any role. 
The perfusion and in vivo studies lead to the 
conclusion that the liver is not a major site 
of catabolism of haptoglobin, either free or 
in the form of its complex with hemoglobin. 
While the reticuloendothelial system may 
participate in the degradation of this pro- 
tein, R-E containing organs other than the 
liver, such as spleen or boae marrow, are 
probably of more significance in this regard. 

Summary. 1. The fate of 1126-labelled hu- 
man haptoglobin (Hp) and its hemoglobin 
complex (Hp-Hb) was studied in the isolated 
perfused rat liver as well as in intact ani- 
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mals. 2. No significant removal of either free 
or complexed Hp from the perfusate occurred 
during 4 hours of liver perfusion. 3. In intact 
animals, the T S  of 11% Hp-Hb was consid- 
erably shorter ( 2  hours) than that of free 
1125 H p  (19 hours); in both groups, hepatic 
uptake per gram of tissue was less than 
splenic uptake, and was minimal. 4. It is 
concluded that the liver, the major site of 
H p  synthesis, is of limited importance in the 
degradation of this protein and of its hemo- 
globin complex. 
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There have been numerous reports in the 
literature concerning the presence of virus- 
like particles in the lymphatic tissue of leu- 
kemic mice ( 1 ). Investigators have made use 
of techniques to determine the frequency of 
particles in thin sections (2 ) ,  which have 
proved to be of use when relatively large 
numbers of particles were present. However, 
when small numbers of cells and/or particles 
are inoculated, the number of viruses in the 
initial stages of leukemia may be quite small. 
While evaluating certain preliminary obser- 
vations in mice, it became necessary to de- 
termine the presence and frequency of virus- 
like particles when few were present in the 
non-inoculated controls and inoculated mice. 
There was, therefore, a need to indicate an 
appropriate number of sections that should 
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be observed before concluding the tissue 
“negative” of part ides. 

Description of inoculation. In the pre- 
liminary study one- to five-week-old axenic 
CFW, mice, to date free of spontaneous leu- 
kemia, were inoculated intraperitoneally with 
a suspension of bone marrow from 4 human 
leukemic patients. Diagnosis of the leukemic 
patients was as follows: chronic myelocytic 
leukemia, acute reticulum cell leukemia, acute 
lymphoblastic leukemia, and acute leukemia. 
Serial passages of resultant leukemias were 
maintained by the intraperitoneal inoculation 
of 0.1 ml of a 20% homogenate of leukemic 
cells in 0.85% saline. 

Electron microscopic techniques. Some of 
the tissues were fixed in 1% osmium tetrox- 
ide, pH 7.3, and buffered with a Palade’s(3), 
or a phosphate buffer (4) .  Other tissues were 
fixed in a 4 or 6% phosphate buffered glu- 
taraldehyde solution, pH 7.2 ( S ) ,  and post- 
fixed in osmium tetroxide. The tissues were 


