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ABSTRACT
A simple method for the three-dimensional observation of inner and outer ultrastruc-
tures of the cultured hepatocyte was presented. The freeze cracked plane of the cul-
tured cell was obtained by means of cracking the underlying substrate. This method
made it possible to observe the ultrastructural features of both cell surface and
cytoplasm in the same cell. Among several substrates examined in this investigation,

the collagen gel sheet was the most useful for this purpose.

Hepatocyte culture system is a good model for
studying liver function’®®. As the cells under
suitable culture milieu maintained their various
functions for a long time, they have been fre-
quently used as a useful means to examine the
biological effectiveness of drugs. Naturally,
ultrastructural observation of the cultured cells
give us one of the important informations for
evaluation of the drug.

For the ultrastructural investigation of the
cultured cells, the transmission electron micro-
scopy (TEM) has been mainly used®®"“'"*,
and the scanning electron microscopy (SEM)
has been used for three-dimensional obser-
Vation2,8,10,13,16,19).

Recently, Tanaka et al. have introduced an im-
proved method for scanning electron microscopic
observation of intracellular structure (osmium-
DMSO-osmium method®®, aldehyde-prefix
osmium-DMSO-osmium method®”). They have
applied this method to investigation of free cells
and cultured cells and obtained good results®.
Thus, SEM has become a very useful means to
study the ultrastructural features not only of the
cultured cell surface but also of its cytoar-

chitecture.

We will introduce a simple method for obser-
vation of inner and outer ultrastructures of the
hepatocytes cultured on several substrates
without complicate procedures.

MATERIALS AND METHODS

Hepatic parenchymal cells were isolated from
male Wistar rats weighing 250—300g. The tech-
nique of cell isolation which was a modification
of that proposed by Seglen'®, was previously
described®. Under general anesthesia, the por-
tal vein of the rat was cannulated and then liver
was preperfused with 0.02% EDTA in calcium-
free Hanks’ solution. Following preperfusion for
10 min, an enzymatic perfusion in the presence
of 0.05% collagenase in Hanks’ solution together
with 20mM CaClz was done. These solutions
were saturated with 95% Oz and 5% CO2 be-
forehand and were treated with the same gas
during the procedure of separation. Then the
liver was removed and thoroughly dissociated
with pipetting. The cell suspension was filtrat-
ed through 200 nylon mesh filter in order to re-
move large cell aggregation. Filtrated cells were
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gently washed 3 times with cold Hanks’ solution
in order to eliminate cell debris and non-
parenchymal cells. Hepatocytes were finally sus-
pended in medium 199 (M199) supplemented
with 10% fetal bovine serum (FBS), 10°M insu-
lin, 10°M dexamethasone and antibiotics
(penicillin 100U/ml, streptomycin 100ug/ml).

Suspensions of hepatocytes were plated at a
density of 5 x 10° cells/ml on small sized glass
coverslips (5 X 20 mm) coated with 0.1% poly-
L-lysin'® or rat tail collagen gel (80ug/cm?® in
plastic dishes (9.6cm®, NUNC). They were in-
cubated for 24 hr at 37°C in a humidified en-
vironment of 5% COz2 95% air. After
cultivation for 24 hr, cells were rinsed with PBS
and were fixed with 0.5% paraformaldehyde —
0.5% glutaraldehyde mixture buffered with 0.1M
phosphate buffer (pH 7.4) (PB) for 30 min at
room temperature”. After rinsing with PB, the
specimens were postfixed with 1% 0sO4 in PB
for 30 min at room temperature. After a brief
rinsing with PB, they were transferred into 25%
and 50% dimethyl sulfoxide (DMSO) solution for
30 min respectively. They were then quickly
frozen in liquid nitrogen. A poly-L-lysin-coated
coverslip with hepatocytes was clipped its both
ends with two forceps and was snapped in li-
quid nitrogen. As collagen gel sheet readily
cracked leaving on the glass slips immediately
it was frozen, a snapping procedure was not
done.

Cracked specimens were replaced in PB and
thoroughly rinsed. They were then postfixed in
1% OsO4 for 1 hr and macerated with 0.1%
0s04 for 2 to 4 days at 20°C to remove excess
cytoplasmic matrix (the osmic maceration
procedure?®?).

After conductive staining with 2% tannic acid
and 1% OsO4, they were dehydrated in a grad-
ed ethanol series and critical point dried without
treatment of isoamyl acetate. The coverslip with
dried cells was obliquely mounted on a brass
sample stage with Aron Alpha (Toa Synthetic
Chemical Co.). Subsequently, they were coated
with platinum at 30 A in thickness in an ion
sputter coater (POLARON E5150) and observed
under a field emission SEM (Hitachi S-800) oper-
ated at 25kV.

RESULTS
After cultivation for 24 hr, parenchymal cells

Fig. 1. A photomicrograph of 24-h-cultured hepato-
cytes on the collagen gel sheet, taken by phase con-
trast microscopy. Cells were spread and flattened
on the gel x 63

were spread and flattened on the substrates
(Fig. 1). The polyhedral cells which enlarged and
became confluent in some places constituted
trabecula. Each cell was covered with numerous
microvilli on its surface. In the case of polyca-
tion coated glass, hepatocytes were cracked per-
pendicularly through the monolayer in the
cracked plane of glass or at a short distance
from the cracked edge. Using this method, we
could observe structures of both cell surface and
cytoplasm (Fig. 2). In the cracked surface,
numerous round shaped mitochondria, parallel
arrays of rough endoplasmic reticulum (RER),
smooth endoplasmic reticulum (SER) and a few
lipid droplets were observed in the cells three-
dimensionally (Fig. 3). Mitochondria were mainly
spherical or ellipsoidal in shape. Their cristae ap-
peared lamellar or tubular. Some tubular cris-
tae were observed to be continuous to the
periphery of lamellar cristae (Fig. 7). Continui-
ty between RER and SER was occasionally
recognized, as shown in Fig. 4. Cisternae of
SER were tubular in shape (80nm in diameter)
and branched off to form a closely meshed
plexus beneath the plasma membrane. SER was
more predominant at the free side than the op-
posite side, substrate side. This suggests that the
cells attached to the substrate have a polarity
in function.

In the case of poly-L-lysin, however, most of
cells were detached from the cracked edge of
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Fig. 2. A freeze cracked hepatocyte cultured on
poly-L-lysin-coated glass coverslip. By cracking the
glass slip, the ultrastructural features of both cell
surface and cytoplasm can be obtained from one
cell. Cell surface is covered with numerous microvil-
li and various kinds of cell organelles are appar-
ently observed on cracked plane. x 7,000

Fig. 4. Beneath the plasma membrane, tubular
SER branches off to form a closely meshed plexus.
Moreover, they occasionally continue to parallel ar-
rayed RER (indicated by arrows).

CS: cell surface. x 27,500

Fig. 3. Higher magnification view of cracked plane
of hepatocytes cultured on poly-L-lysin-coated glass
slip. Numerous spherical or ellipsoidal shaped
mitochondria and their inner features, parallel ar-
rays of RER, tubular SER, vacuoles and lipid
droplets can be three-dimensionally observed.

x 9,000

Fig. 5. Collagen gel sheet cracked immediately it
was frozen in liquid nitrogen without snapping the
underlying glass coverslip. As a result, hepatocytes
cultured on it are passively cracked and give us
many available cracked planes. x 153
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Figs. 6—A and 6—B. Using the collagen gel sheet as substrate, the both cracked faces of two separated frag-
ments of one hepatocyte can be obtained. In this case, however, nuclei (N) is not cracked and it remains in either

fragment. x 3,750

Fig. 7. The two apposing plasma membrane are
nearly parallel and are separated by very narrow
intercellular space. Mitochondrial cristae are lamel-
lar or tubular, and tubular cristae extending from
the lamellar ones are also observed (indicated by
arrows). X 28,300

glass by the shock of clipping in liquid nitrogen.
Therefore, few of cells showed appropriate

cracked plane to examination. On the other
hand, collagen gel sheet was easily cracked by
freezing alone and provided many appropriate
cracked planes without detachment of cells from
the substrate (Fig. 5). In addition, the both
cracked faces of two separated fragments can
be observed in this case (Figs. 6—A and 6—B).

The two apposing plasma membranes were
nearly parallel and were separated by very nar-
row intercellular space (Fig. 7). The bile canalic-
ulus was rarely observed between adjoining cells.

DISCUSSION

Since the isolated hepatocytes were first cul-
tured by Bissell”, many investigators have used
the culture system for studies in biology, bi-
ochemistry and others. A number of ultrastruc-
tural studies of cultured hepatocytes using TEM
and SEM have been reported?®®"810:13141617.19,20)
In the primary culture system, the most impor-
tant problem is how one maintain well functions
of the hepatocytes during culture period. It is
known that the polycation and collagen gel have
allowed to sustain growth of hepatocytes and
other epithelial cells in culture!**!"%:)

Another problem is how one does protect the
sample from stripping off from the substrate
which is easily occured by the shock of crack-
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ing. In order to fix firmly the cells to glass slips,
several treatments to coat glass slips were test-
ed; i.e. glass slips were coated with any of the
following materials, poly-L-lysin'®, collagen
gel*® and gelatin®. Among these materials, col-
lagen gel is the most available one but others
were not. Plastic dish NUNC), usually used for
culture, was also unsuitable. Moreover, collagen
gel sheet could not been cracked on plastic dish
in liquid nitrogen.

From these results, it is concluded that a col-
lagen gel-coated glass slip is useful for both cell
culture and freeze cracking method.

Our simplified freeze cracking method for the
scanning electron microscopic observation made
it possible to show three-dimensionally the mor-
phological features of the internal structures of
hepatocytes in culture. It was clarified that SER
consists of a meshwork of anastomosing tubu-
lar cisternae beneath the plasma membrane, and
continues to RER (Fig. 5). The size of mitochon-
dria is various from cell to cell. Mitochondrial
cristae are flattened plate-like or tubular in
shape, and tubular cristae extending from the
lamellar ones were also found. We rarely ob-
served the bile canaliculi though other investi-
gators recognized them in cultured
hepatocytes'*''", The reason for this disparity
was thought to be caused by the difference of
preparation of the cells. These findings show
that the cultured hepatocytes maintain the same
ultrastructural characteristics as those in situ.
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