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FIG. 2. Hydroxy prokine release from stretched and relaxed bovine tendon.

g weight, which produced the tension. The silk
of the control collagen loop was tied loosely to
suspend it in a relaxed position. Twenty-five
milliliters of a solution containing 200 ug per
ml of collagenase (Cal Biochem) adjusted to
pH 7 Tris buffer, was added to each tube and
incubated at 35°C. To measure the break-
down of collagen 1 ml samples of the enzyme
solution were withdrawn periodically and their
content of hydroxy proline determined by the
method of Leach(7), using a Bausch and
Lomb colorimeter with a 560 mu filter. The
results of 5 pairs of runs are given in Fig. 2.
In all instances there was more rapid break-
down of the stretched tendons. The hydroxy
proline release from the stretched tendons
during the first 12 hours was significantly
(t 4.65) greater than from the relaxed
ones, but after 48 hours this difference had
disappeared.

Our findings justify suggesting that trau-
matic occlusion may speed up the destruction
of the collagenous supporting structures of the
tooth by making them more susceptible to
the action of enzymes. Possibly like reactions
occur in other arthropathies.
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Hypergammaglobulinemia in Experimental Liver Injury. (32506)
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Chronic liver injury in both experimental
animals and man is characterized by a sig-
nificant increase in serum gamma globulin.
The degree of hypergammaglobulinemia is
related to the number of gamma globulin
producing cells in the bone marrow(1), lymph

nodes(2) and liver(3). It has been suggested
that reactivity of these cells is a major deter-
minant of the level of serum gamma globulin,
however, the relationship of fixed cells in the
liver to gamma globulin production has not
been established. The present investigation
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was undertaken to examine further the ahility
of the isolated perfused normal and diseased
liver to produce gamma globulin. Observations
were made on the influence of experimental
chronic liver injury on serum protein pat-
terns and incorporation of C'* lysine into
gamma globulin.

Materials and methods. Male Sprague-
Dawley rats weighing 125 to 150 g were
maintained on Purina Chow and given 0.2 ml
of CCly subcutaneously 3 times a week for
periods of 3 to 6 months. At monthly intervals,
48 hours after receipt of the last dose of CCly
serum protein electrophoresis and incor-
poration of tritiated thymidine (H,T) into
hepatic DNA was studied in randomly se-
lected experimental and litter mate normal
control animals. Four hours after intraperi-
toneal injection of 1 uc per gram weight of
H,T, 5 ml of blood was obtained by cardiac
puncture under ether anesthesia for serum
protein electrophoresis and the liver was re-
moved for morphologic studies. An auto-
radiographic technique was used to assess to
degree and localization of hepatic DNA syn-
thesis(4).

The livers from 6 healthy control animals
and 6 animals with CCly-induced cirrhosis
were perfused using a modified technique of
Miller(5) to study the incorporation of C!*
lysine into gamma globulin. The perfusate
consisted of 180 ml of heparinized rat blood,
4 cc of a mixture containing all of the es-
sential and nonessential amino acids, and 10
pc of C lysine (specific activity 222 mc/
nm.* An aliquot of the perfusate was re-
moved, centrifuged, frozen and stored. Goat
serum which contained antibody against rat
gamma globulint was used to precipitate gam-
ma globulin in the perfusate. This material
did not contain any detectable antibodies
against beta globulin. The perfusate was di-
luted 1:16 with 0.1 N EDTA to prevent
precipitation of complement and equal
amounts of anti-gamma, globulin added. After
standing in the refrigerator overnight, the

* Obtained from New England Nuclear Labora-
tories.

t Prepared from commercial goat serum containing
anti-rat gamma globulin obtained from Hyland
Laboratories.
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precipitate was removed by centrifugation
and washed 8 times until radioactivity not
incorporated into gamma globulin was elimi-
nated. The precipitate was dissolved in 0.1
N NaOH, the volume brough to 2 ml and
radioactivity determined in 1 cc aliquots using
the Packard Tricarb Liquid Scintillation
Counter.

Results. Histologic sections revealed normal
liver in litter mate control animals, moderate
active cirrhosis in animals receiving CCl, for
3 months and severe active cirrhosis in those
given CCl; for 6 months. Autoradiographs
showed 30 to 40 labeled nuclei per 100,000
liver cells in the normal liver and 7,000 to
10,000 labeled nuclei per 100,000 liver cells
in animals with active cirrhosis. A 4:1 ratio of
labeled mesenchymal to liver cells was present
in the normal liver; this ratio was 8:1 to 12:1
with active cirrhosis. Labeled mesenchymal
cells included Kupffer cells, fibroblasts,
plasmacytoid cells and undifferentiated mes-
enchymal cells.

Serum gamma globulin in normal control
animals ranged between 0.9 and 1.2 g per
cent. A progressive rise in serum gamma glo-
bulin and a decrease in serum albumin was
noted with chronic liver injury. An absolute
increase in total protein was noted; the mean
level of serum gamma globulin was 2.5 g per
cent = 0.45 S.D. after administering CCly for
3 months and 3.2 g per cent =+ 0.30 S.D. after
6 months of CCl,. Autoradiographs showed
labeled C* lysine in mesenchymal cells of
both the normal and cirrhotic liver. There
was a 3-fold greater incorporation of C'*
lysine into serum gamma globulin by the
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FIG. 1. Comparison of serum gamma globulin,
labeled mesenchymal cells and incorporation of C*
lysine into gamma globulin in animals with normal
liver and active cirrhosis.



564

cirrhotic as compared with the normal iso-
lated perfused liver (Fig. 1).

Discussion. Previous studies using the iso-
lated perfused rat liver and zone electrophore-
sis indicate that this organ is the exclusive
site of albumin synthesis and the major site
of alpha and beta globulin production(5,6).
Protein separation by immunologic techniques
in the present study shows that gamma glo-
bulin is also synthesized by the isolated per-
fused normal rat liver. Kinetic studies sug-
gest hypergammaglobulinemia in human liver
disease results from increased production of
gamma globulin; there is no evidence that
decreased catabolism is contributory. Ap-
proximately 3% of IgG(7) is catabolized each
day, 10 to 15% of IgM(8) and IgA(9) are
catabolized daily.

Active cirrhosis induced by CCl, is charac-
terized by hyperplasia and increased function
of both hepatic and extrahepatic mesenchymal
cells(10). The increased population of mesen-
chymal cells include gamma globulin pro-
ducing, phagocytic, hemopoietic and fiber-
forming cells(11). A cause and effect relation-
ship between gamma globulin production and
hepatic mesenchymal cell replication is sug-
gested by (a) the concomitant increase in
serum gamma globulin and mesenchymal-
plasmacytoid cells in chronic active cirrhosis
and (b) increased incorporation of C'* lysine
into serum gamma globulin by the isolated
perfused cirrhotic liver. Further studies are
desirable to determine the exact contribution
of hepatic and extrahepatic reticuloendothelial
cells to individual components of the elevated

SEPARATION oF CyToTOoXIC FACTOR

serum gamma globulin encountered in various
pathologic states.

Summary and conclusions. The isolated per-
fused cirrhotic rat liver which is the site of
mesenchymal cell proliferation incorporates 3
times as much C!* lysine into serum gamma
globulin as the normal liver from litter mate
controls. This data is interpreted as further
evidence that hypergammaglobulinemia in ac-
tive cirrhosis results partly from persistent
increase of gamma globulin producing mesen-
chymal cells in the liver.
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It has been previously shown that normal
human serum possesses a complement-depend-
ent cytotoxic factor (CyF) active against
Ehrlich ascites tumor cells(1-7). The CyF,

* Part of this work was done in the Dept. of
Exp. Med. and Cancer Research, Hebrew University—
Hadassah Medical School, Jerusalem,



