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Recently we reported an improved method (1)
for the isolation of rat liver parenchymal cells. In
this procedure the liver is exposed to low con-
centrations of collagenase for a very short period
and no hyaluronidase is needed; these isolated
cells retain hormone sensitive receptors (2—4).
Although this method has now been accepted by
a number of workers (5-9), others (10-19) have
continued to use the combination of high con-
centrations of collagenase and hyaluronidase for
the cell preparation. In this communication, we
demonstrate significant differences in glycogen
content in liver cells prepared with the addition
of hyaluronidase to the perfusion medium in the
presence of collagenase. We also report studies
on 'C amino acid incorporation into protein
under various physiological conditions.

Materials and Methods. Animals. Fed (180-
200 g or 350-400 g) or 8-10 and 18-24 hr fasted
male Cox rats were used for these studies. All
rats were maintained on Purina Laboratory
Chow and tap water fed ad libitum. Two
methods of feeding were used in the present
studies as it was observed that liver glycogen
was significantly increased in animals that had
easy access to food when it was placed in a dish
on the floor as compared to those rats that had to
obtain their food from suspended wire baskets.

Preparation of rat liver parenchymal cells.
Normal and fasted rats of various age groups
were anesthetized with Na-pentobarbital and the
liver was rapidly removed and placed in a Miller
perfusion apparatus and perfused for 15 min with
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100 ml of Hanks calcium free buffer containing
1.5 g albumin (Sigma, Fraction V) and 10 mg
each of streptomycin and penicillin. Following
this initial perfusion, either collagenase alone
(20 mg, Worthington, 199 units/mg) or both
collagenase and hyaluronidase (80 mg, Sigma
Type 1, 360 units/mg) were added and the perfu-
sion continued for 10-15 min. The liver was
removed, finely minced and bubbled gently with
95% Oz and 5% CO: for 1 min. Cells were
isolated as described previously (1) and were
brought to a final volume of 40-50 mi (3—4 g of
cells) with Umbreit-Ringer buffer (1).

Incubation of cells. A 1 ml aliquot of the final
cell suspension (50-70 mg) was incubated in 3
ml of Umbreit-Ringer bicarbonate buffer (25
mM) in stoppered 1 oz plastic vials (Nalgene
202) with various amino acids at 37° and 90
oscillations/min for 1 hr. The vials were gassed
for 5 min with 95% Oz and 5% COz before the
start of the incubation. At the end of the incuba-
tion period the reactions were stopped by the
addition of trichloroacetic acid and radioactivity
in isolated protein was assayed as described pre-
viously (20). Glycogen was determined by the
method of Good et al. (21); protein was esti-
mated by the method of Lowry et al. (22) after
the incubation mixture was sonicated.

Results and Discussion. The results on glyco-
gen content of the whole liver, whole liver per-
fused for 30 min with no enzymes, and isolated
cells with collagenase and with collagenase and
hyaluronidase are presented in Table I. The ini-
tial glycogen varies a great deal depending upon
the condition of feeding. Rats which had easy
access to their food on the floor showed twice as

‘much glycogen content as compared to rats

which had to make a special effort to obtain the
food. When the liver was perfused for 30 min
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TABLE I. Effect of Collagenase and Hyaluronidase on Glycogen Content of Isolated Rat Liver Parenchymal Cells.”
Glycogen expressed as umole glucose/g
Whole liver 340 = 80° 220 = 56°(+) 80 = 327(+1)
(6) (6) (4
Perfused liver for 30 min with no enzymes 228 = 52 134 = 35 (1) —
4 (4
Perfused liver with 80 mg hyaluronidase 240 = 45 144 + 32 (1) 22 + (i)
(4) C)] 4
Isolated cells with 20 mg collagenase 220 + 60 130 = 30 (%) 18 = 8(+%)
(6) 6) (4
Isolated cells with 20 mg collagenase 130 = 40¢ 60 = 15 () 12 = 6(7+
and 80 mg hyaluronidase (6) (6) (4)

“ Isolated livers were perfused for 15 min with 100 ml of Hanks buffer (1) and following this perfusion period, 20 mg of
collagenase or 20 mg collagenase with 80 mg hyaluronidase was added and perfusion was continued for 10-15 min and cells

were isolated as described previously (1).

¥ Food was placed on the floor in a dish in these cages. The rat obtained the food very easily without any extra effort.
¢ Food was suspended in a wire basket and rats had to obtain the food with some extra effort.
4 Rats were starved for 8-10 hr. These rats had received food in a dish placed on the floor.
(+) Significantly different from Column I (P < 0.05) as determined by Student’s 7 test.
(t+) Significantly different from Columns I and II (P < 0.05) as determined by Student’s 7 test.
¢ Significantly different from above values (P < 0.05) as determined by Student’s ¢ test. All experimental animals were

matched for weight and sex in these groups.

with Ca and glucose free Hanks medium,
proximately 80-100 umole of glucose is
leased in the perfusion medium due to
glycogenolysis. Addition of collagenase or
hyaluronidase alone did not significantly alter
glycogen content of the isolated cells. However,
addition of both collagenase and hyaluronidase
significantly reduced the glycogen content of the
isolated liver cells. This is seen in both the
groups of animals which had initial glycogen
content in the range of 260400 umole/g and
170-250 wmole/g. Furthermore, the reduction
in glycogen content with hyaluronidase and col-
lagenase was observed only in cell preparations
which had high initial glycogen content. There
was a reasonable agreement in glycogen content
of the isolated cells and glucose that was released
in the medium. Glycogen content of the cells is
quite significant if one wants to prepare cells
from fed rats containing high glycogen to study
differential hormonal responses (2-4) but is of
little significance in fasted cells as they contain
no glycogen. These results clearly demonstrated
that hyaluronidase is not essential, and its addi-
tion to the perfusion medium significantly re-
duced the glycogen content of the isolated liver
cells although the cell yields are similar. In pre-
liminary studies, we have observed that in iso-

latad hanatnrutec with hiogh cantant af olucncen

ap-
re-

gluconeogenesis is stimulated by glucagon at the
concentration of 10712-107% M and a small
change in cyclic AMP levels was observed under
this condition. However, in cells containing low
or no glycogen 1071°-1078 M concentrations of
glucagon was needed to stimulate
gluconeogenesis and under these conditions 10
to 20-fold increases in cyclic AMP levels were
observed (23). These results once again suggest
that glycogen content helps maintain the in vivo
metabolic characteristics of these isolated cells
which respond to hormones at physiological
concentrations.

Another observation made in the present
studies is that when isolated cells from fasted rats
were allowed to stand for 30 min or longer with
no substrate (such as glucose, lactate or pyru-
vate) and in the absence of Oz showed signs of
membrane damage (cytoplasmic protrusion or
pseudopoding; Fig. 1) and hence, cells should be
used immediately for metabolic studies with
substrates. Membrane damage was not observed
in cell preparations obtained from fed rats, indi-
cating that stored glycogen may serve as an
energy source and prevent intracellular damage.
We have shown previously that these isolated
cells retain much of their intracellular structure
even at the end of 6 hr of incubation in the
nrecence of oliicoce lactate and amino acids as
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Fic. 1. Light micrograph (magnification 800 X) of isolated liver cells obtained from fasted rat exhibiting
**Pseudopoding’ when allowed to stand without shaking for 30 min or longer in Umbreit Ringer bicarbonate

medium and with no substrate and absence of oxygen.

substrates mixture and in the presence of insulin
4).

The studies on amino acid incorporation into
protein are summarized in Table II. The incorpo-
ration of '*C isoleucine, '*C-valine and '*C-
phenylalanine into protein by hepatocytes iso-
lated with collagenase alone from younger rats
(180-200 g, 6-8 weeks) was significantly higher
(P < 0.05) than in cells from older rats (350—
400 g, 20-25 weeks). Similarly, incorporation

of these amino acids was lower in cells from
fasted rats than that from fed rats. It is generally
assumed that protein synthesis diminishes with
age and with fasting. This can be demonstrated
when rates of amino acid incorporation into pro-
tein in neonatal and adult rats are compared.
Recently, it has been demonstrated that there is a
decrease in amino acid incorporation into protein
of livers from 400 g rats when compared to livers
from 200 g rats (24). Present studies with iso-

TABLE II. Incorporation of '*C-Amino Acids into Protein in Liver Cells Isolated with Collagenase only from Fed or Fasted
Rats.*
(dpm/mg protein)

Fed rats 24 hr starved rats

Liver cells Liver cells

Rat wt 180-200 350-400 180-200
Isoleucine 1460 + 238 890 = 58** 880 + 106**
(12) (10) o
Valine 1530 = 206 1012 = 85%* 1060 + 103**
(12) (10) (10
Phenylalanine 1090 = 132 780 = 75** 802 + 123**
(12) (10) (10)

*Isolated liver cells (with collagenase only approximately 50-70 mg) were incubated for I hr in the presence of 5.5 mM
glucose and 10 mM amino acids (0.5 uwC/30 umoles). Values are mean += SEM of (N) observations.
**Significantly different from column 1 (P < 0.05) as determined by Student 7 test.
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lated cells agree with this observation. The abil-
ity of the isolated cells to retain high amounts of
glycogen and to retain much of their in vivo
metabolic characteristics for prolonged periods
(4) suggest that these cells are very useful in
studying not only hormonal regulation but also
other physiological conditions.

Summary. Rat liver parenchymal cells were
isolated with collagenase and hyaluronidase
from fed and fasted rats. Addition of
hyaluronidase significantly decreased intracellu-
lar glycogen content of cells in fed rats, although
there was no effect on cell yields. The incorpora-
tion of !'*C isoleucine, '*C-valine, and '*C-
phenylalanine into proteins was significantly
higher in younger as compared to older rats. The
incorporation of these various !*C amino acids
was lower in cells from fasted rats when com-
pared to those from fed rats.

We are grateful to Mrs. Deborah Hutton and Mrs. Vickie
Phelps for the preparation of the cells and for their expert
technical assistance.
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