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SUMMARY

Isclated Kupffer cells synthesize urea from a variety of added
amino acids at a rate comparable to that of hepatocytes. Urea
synthesis was determined both by enzymic product analysis and
by the incorporation of labeled bicarbonate into urea. Studies
on uptake of radiocactive insulin showed that both hepatocytes
and Kupffer cells bind insulin to almost the same extent. How-
ever, much higher degradation of insulin was found with Kupffer
cells than with hepatocytes. Labeled insulin-anti-insulin serum
(I-AIS) complex is neither bound nor taken up by hepatocytes.
Kupffer cells, on the other hand, removed the complex in a time-
dependent manner from the medium and partially degraded it.

Metabolic studies with isolated Kupffer cells provide a unique
opportunity for the eludication of biological characteristics
such as phagocytosis and protein degradation. Although several
investigators have reported the isolation of Kupffer cells
(1-3) only few attempts have been made to describe protein de-
gradation and phagocytotic activities of these cells. Isolated
Kupffer cells retaining their in vivo metabolic characteristics
offer an excellent experimental tool to study these properfies.
In this paper we present data on urea synthesis as well as some
preliminary studies on their phagocytotic capabilities.

* rThis work was supported by grants from the Deutsche For-

schungsgemeinschaft, Bonn-Bad Godesberg, Federal Republic
of Germany, through Forschergruppe "Lebererkrankungen”.
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®*¥abbreviation used: I-AIS, Insulin-anti-Insulin serum.
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MATERIALS AND METHODS

Female Wistar rats weighing 170-190 g (Ivanovas, Kisslegg, West
Germany) were maintained on Altromin R diet (Altrogge GmbH,
Lage/Lippe, West Germany). They were anaesthesized with pento-
barbital, the livers removed and perfused with collagenase; hepa-
tocytes were obtained as reported earlier (4). Kupffer cells
were isolated by modifying the method of Mills and Zucker-Frank-
lin (3) as reported previously (5). For urea synthesis, 8 mg of
cells (wet weight) were incubated with various substrates in
plastic tubes at 370C in a metabolic incubator at 90 oscilla-
tions/min under an atmosphere of 95% 0.,/5% COZ' At the end of
the incubation, vial contents were placed in Eppendorf cups and
centrifuged at 3000 x g for 5 min. Urea was determined in the
supernatant by the enzymic method of Fawcett and Scott (6);
appropriate blanks for endogenous ammonia were subtracted.
Radiocactivity incorporated into urea was liberated by urease
after removal of excess bicarbonate; the 14C02Levolved was trap-
ped in 2N NaOH and determined as described previously (7,8).
The data were corrected for 14C0; evolved without urea treatment.
251-insulin was obtained from The Radiochemical Center, Amers-
ham. I-AIS complex was prepared by incubating 1 ml of anti-
insulin serum with 5 pCi of labeled insulin for 6 hours at room
temperature and an additional 6 hours at 50C. The radiocactivity
in the I-AIS-complex was determined after precipitation by 90%
ethanol and ethanol washing of the precipitate. In studies on
the uptake of radioactive insulin and of I-AIS-complex approxi-
mately 10 mg of hepatocytes or Kupffer cells were incubated in
1 ml medium. After incubation and centrifugation cells were
washed once and radioactivity retained by the cells was measured.
Supernatants were assayed for insulin activity by radio immuno
assay as described previously (9).

RESULTS AND DISCUSSION

Isolated Rupffer cells synthesized urea from alanine, aspartate,
valine, isoleucine, glutamate, arginine, citrulline and orni-
thine (Table I). The rate of urea synthesis from alanine, aspar-
tate, valine and arginine was significantly higher in Kupffer
cells than in hepatocytes. This rules out a substantial contri-
bution by contaminating hepatocytes or debris thereof to the
observed urea formation. In the preparations used, only 12 + 9
hepatocytes were present per 10,000 Kupffer cells ( n = 7).
Citrulline and ornithine were less effective precursors of urea
synthesis in Kupffer cells than in hepatocytes. This may be due
to different permeabilities of the two cell types. Kupffer cells
were also shown to incorporate added labeled HCO.

3
(Table II). The formation of radioactive urea in comparable

into urea

amounts indicates a close similarity of the pathway of urea syn-

thesis in Kupffer cells and hepatocytes.
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The phagocytotic capability of Kupffer cells has been established
by histological observations (10) and, more recently, by bio-
chemical studies (11). In the light of diverging data on the sta-
bility of insulin in perfused livers (12-~15) and in hepatocyte
suspensions (16-18), binding, uptake and degradation of this hor-
mone by isolated Rupffer cells and by hepatocytes was studied. As
summarized in Table III, both cell types removed part of the added
radioactive insulin from the medium. The uptake by hepatocytes was
quite rapid but increased only slightly after 10 minutes. This
suggests that the insulin was rapidly bound to fﬁe receptors but
that consecutive processes, e.g. endocytosis, degradation, were
proceeding slowly. After 60 min, 80% of the added insulin could
still be recovered in the medium by radio-immuno assay. The uptake
of insulin by Kupffer cells was only 50% of that by hepatocytes
during the first minutes but it increased linearly with time of
incubation. Kupffer cells appear to phagocytize the added insulin;
after 60 min, less than 20% of the added insulin could be recovered
in the medium indicating rapid proteolytic degradation. The large
difference in insulin inactivation between Kupffer cells and he-
patocytes offers a plausible explanation for the longer persisten-
ce of insulin effects in the presence of isolated hepatocytes
(16-18) as compared to the intact liver (12-15).

Experiments on uptake and degradation of the complex between in-
sulin and anti-insulin serum as outlined in Table IV serve both
as a control to the results of Table III and as evidence of true
phagocytosis by Kupffer cells in contrast to hepatecytes.The I-
AIS-complex was not taken up at all by the hepatocytes during one
hour of incubation; all radioactivity added was recovered in the
medium indicating that neither binding nor uptake and degradation
of the complex had occurred.In contrast, isolated Kupffer cells
showed an increased uptake of the complex during the incubation.
Almost 18% of the added radioactivity was incorporated into the
Kupffer cells at the end of the first hour. These results suggest
that isolated Kupffer cells phagocytize and degrade added proteins
including protein hormones. Appreciable amounts of NH3 liberated

during amino acid degradation seem to be converted to urea.

To our knowledge this is the first report showing urea synthesis
and insulin degradation in Kupffer cells. It would be also worth-
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while to investigate insulin degradation in isolated Kupffer cells
in various disease states. The biochemical performances of Kupf-
fer cells as observed in this and in previous (5) studies will
facilitate a comparison of Kupffer cells with bone marrow, peri-
toneal and alveolar macrophages and to assess their ontologic
relation.
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