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concerned at sometime in the past, in spite of

INTRODUCTION its intimate topographical relation to the bile

The Golgi apparatus was regarded not to be

canaliculi (Cramer and Ludford, 1926; Mclndoe,
1928; Kirkman and Severinghous, 1937; Graffin,
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1947; Elias, 1949; Ashworth and Saunders,
1960; Karrer, 1961; Essner and Novikoff, 1962;
1964).

studies suggested the presence of vesicles partici-

Reese and Rimington, Although some
pating in the process of bile secretion (Reese,
1960; Ohkita ef al., 1961; Biava, 1964), the
exact nature of the vesicles has nof been deter-
mined,

Recent studies, however, suggested that the
vacuolar apparatus are involved in the intra-
cellular transport of bile acid in the hepatocytes
(Grogory et al., 1978, Johnes, et al., 1979;
Simion ef al., 1984a, b; Reuben and Allen,
1986; Marzolo ef al., 1990; Alves et al., 1993).

Immunocytochemistry (Lamri ef a/., 1988) and
EM autoradiography (Goldsmith et a/., 1983;
Suchy et al., 1983) showed that bile acids were
transported through the ER and Golgi apparatus
before being secreted into the bile canaliculi.
Some other studies have suggestedi that bile
acids or salts appeared to have an affinity for
ER and Golgi apparatus (Suchy et a«/., 1983;
Erlinger, 1990; Reuben and Allen, 1990; Rey-
nier et al, 1992; Kast et al., 1994; Crawford ef
al., 1994), and may stimulate the movement of
vesicles towards the bile canaliculi (Dubin et al.,
1980; Hayakawa ef al., 1990; Boyer and Meier,
1990; Crawford ef al., 1991; Reynier ef al.,
1992; LeSage et al., 1993). It has also been sug-
gested that the transport in vesicles from the
lysosome (Johnson et al., 1990; Lesage et al.,
1993).

The present study was designed to investigate
the ER, Golgi apparatus, lysosomes and vesicles
to define the site of the organelles, where the

vesicles are derived from.
MATERIALS AND METHODS

Albino rats (Sprague Dawley, male, 250~280

g) were used in the present study. The animals
were divided into two groups: normal control
and experimental. The experimental group was
subdivided into three groups to which 10%
dehydrocholic acid (DA, 0.05mg/g body weight)
was treated at 10, 20 and 40 min prior to the
sampling. The liver tissues were taken under
sodium pentobarbital (Nembutal, 0.015mg/g body
weight) anesthesia at 3 hr after the last fee-
ding. And then liver tissues were taken imme-
diately after laparotomy.

For the thin section, the liver tissues were
cut into small pieces and immediately immersed
in 2,5% glutaraldehyde buffered with 0.1 M sodi-
um cacodylate (pH 7.3) for 2 hr at room tem-

" perature. The tissue pieces were postfixed with

1% osmium tetroxide in the same buffer for 2
hr at 4°C. Some tissue pieces were stained en
bloc with 0.5% aquaous uranyl acetate for 2 hr
at room temperature after postfixation. The
fixed tissues were dehydrated in a series of
graded ethanol and embedded in Epon mixture.
For the cytochemical study, the perfusion was
carried out through the portal vein with ice cold
2.5% glutaraldehyde buffered with 0.1 M sodium
cacodylate (pH 7.3) under sodium pentobarbital
(Nembutal, 0.015mg/g body weight) anesthesia.
The liver tissues were immersed for 1 hr in the
same fixative as used in the perfusion. After an
overnight rinse in 0.1 M sodium cacodylate buf-
fer containing 10% DMSO and 7.5% sucrose, the
frozen tissues were cut on a cryostat (Leika,
Jung CM 3000) at 75um in thickness and incu-
bated in thiamine pyrophosphatase (TTPase) me-
dia for 70 min at 37°C, and incubated in acid
phosphatase (APase) for 40 min at 37°C respec-
tively, And then they were postfixed in 1%
osmium tetroxide for 1 hr and processed for the
electron microscopy. For the prolonged osmifica-

tion, some of the liver tissues were immersed in
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2% aqueous osmium tetroxide and incubated at 4
°C for 48 hr. The osmificated specimens were
processed for electron microscopy.

The thin sections were cut on an ultramicro-
tome (LKB 2088), and stained with uranyl ace-
tate and lead citrate, and were observed by us-
ing transmission electron microscope (TEM, Hita-
chi-H 600).

RESULTS
Thin sections: Both in normal and experi-
mental groups, the vacuolar apparatus such as
ER, Golgi apparatus and lysosomes were observ-
The cis

Golgi cisterns were almost devoid of visible

ed in the vicinity of bile canaliculi.
contents, and usually faced toward the bile
canaliculi (Figs. 1, 2, 3 and 4). The trans Golgi
cisterns showed contents with moderate densities
as well as the vesicles located near by (Fig. 1).
The vesicles were dense and were not seen
orienting in the direction toward the bile canali-
culi. The lysosomes in the vicinity of bile can-
aliculi were round or oval in shape, smooth or
slightly irregular in contour, and dense or mottl-
ed with electron dense materials. In the normal
group, however, the vesicles were difficult to
observed near the cis Golgi cistern and bile
canaliculi. In the experimental group, the vesi-
cles were usually round, oval or short tubular
in shape and were frequently observed near the
cis Golgi cisterns, lysosomes and bile canaliculi,
especially in the rats, 20 min after the admini-
stration of DA (Figs. 1, 2 and 5). The cis Golgi
cisterns were sacculated in line.

The saccule occasionally occurd by elongation
and attenuated neck (Figs. 1, 2, 3 and 4). The
lysosomes and multivesicular bodies were fre-
quently observed in the vicinity of bile canali-

culi, and showed protrudent saccule (Fig. 7).

The vesicles near the lysosomes and multivesi-
cular bodies were orienting in the direction
toward the bile canaliculi, However, the direct
fusion between lysosomes and bile canaliculi was
not observed. ]

Cytochemical studies: Both in normal and
experimental groups, the osmium deposfts were
present on the cis Golgi cisterns by the prolong-
ed osmification (Figs. 3 and 4). The cis Golgi
cisterns showed osmium deposits and many of
them faced toward the bile canaliculi (Figs. 3
and 4).

Golgi cisterns which faced toward the opposit

TPPase were apparant on the trans

side of bile canaliculi (Fig. 2). In the experimen-
tal groups, the osmium deposits were heavy on
the cis Golgi cisterns, on the protrudent saccule
and on the vesicles isolated near by (Figs. 3
and 4).

light or not observed on the ER or vesicles in

The osmium deposits, however, were
the immediate Vicinity of bile canaliculi. The
vesicles near the Iyso\somes showed acid phosph-
atase (APase) activities as well as the lysosomes
(Figs. 5 and 6). However, the APase activities
were not observed on the vesicles as appro-
aching closer to the bile canaliculi (Figs. 5 and

6).

DISCUSSION

In the present study, the ER, Golgi appara-
tus, lysosomes and vesicles were frequently
observed in the vicinity of bile canaliculi after
the administration of DA. This suggests that
the vacuolar apparatus may be involved in the
transport of DA in the hepatocytes.

After the administration of DA, the cis Golgi
cisterns were sacculated in line. The saccule
was occasionally protruded with attenuated
neck. It suggests that the vesicles may be deriv-

ed from the cis Golgi cisterns as specific granu-
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les in the neutrophil as reported by Bainton and
Farquhar (1966). The vesicles were found near
the bile canaliculi, and some of them were
fused to them. Sometimes they appeared to be
streaming in a row toward the bile canaliculi.
The vesicles were atmost devoid of visible
contents_as seen on the cis Golgi cistern, protru-
dent saccule and bile canaliculi. Similar finding
was noted by Stein and Carruthers (1961) in the
bile canaliculi. Itl seems useful to consider the
transport process of bile constituents as water
secretion and the location of this cellular phase
may appear to be watery vacuolation as suggest-
ed by Brauer (1959),

acids would be secreted in the conjugated form,

since most of the bile

which is water soluble. Lake ef «/.(1985) using
fluid phase markers suggest that water may be
released from vesicles into bile. Thus, the
finding of the vesicles seems to be in agreement
with the biochemical property of primary bile.
However, the trans Golgi cisterns were dense as
well as vesicles near by, and the vesicles were
not orienting in the direction toward the bile
cana}icu}i. This may imply that the vesicles
derived from the trans Golgi cisterns are not
involved in the transport of bile acids.

In the cytochemical observations, the trans
Golgi cisterns exhibited reaction products for
TPPase (Goldfischer et a/., 1971; Pavelka and
Ellinger, 1983; Krstic, 1986) and faced toward
the opposit side of bile canaliculi. The cis Golgi
cisterns exhibited osmium deposits by the pro-
longed osmification (Pavelka and Ellinger, 1983).
The osmium deposits were also observed on the
protrudent saccule of the cis Golgi cisterns and
vesicles near by. However, the vesicles did not
show osmium deposits in the immediate vicinity
of bile canaliculi. This suggests that the vesicles
are derived from the cis Golgi cistern and that

the properties of vesicles are changed as approa-

ching closer to the bile canaliculi.

After the administration of DA, however, the
protrudent saccule was also observed on the
lysosome and multivesicular bodies. The vesicles
were seen orienting in the direction toward the
bile canaliculi. Some of the vesicles appeared to
be fused to bile canaliculi, but no direct fusion
between lysosomes and bile canaliculi was ob-
served. The protrudent saccule on or vesicles
near the lysosomes showed APase activity, but
the activity in the vesicles is decreasing as
approach to the bile canaliculi. It seems like the
activity in the immediate vicinity of bile canali-
culi is diminishing as the osmium deposits are
diminishing as vesicles approach closer to the
bile canaliculi.

Some investigators have reported that ER and
Golgi complex have been implicated in the trans-
cellular movement of high bile acid loads (Suchy
et al., 1983; Lamri ef al., 1988; Crawford ef al.,
1991). However, the protrudent saccule on the
cis Golgi cisterns and fusion between the vesi-
cles and bile canaliculi were encountered in the
normal rats, even if they were rarely seen.
Th_'us the transcellular transport via vacuolar
apparatus may not be in the high loads of bile

acids.
ABSTRACT

In the present study, the vacuolar apparatus
were investigated in the hepatocytes of rats
treated with DA by transmission electron micro-
scopy of conventional and cytochemical thin
sections.

In the rats after 20 min of dehydrocholic acid
treatment, the cis Golgi cisterns were sacculated
in line. The saccule occasionally occured by
elongation and attenuated neck. The lysosomes

also showed protrudent saccule. The vesicles
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were observed near the cis Golgi cisterns, lyso-
some and bile canaliculi. Some of the vesicles
appeared to be fused to bile canaliculi. The cis
Golgi cisterns usually faced toward the bile can-
aliculi both in normal and experimental groups.
The cis Golgi cisterns, protrudent saccule and
vesicles were almost devoid of visible contents.
The osmium deposits were heavy on the protru-
dent saccule as well as on the cis Golgi cisterns
or on the vesicles isolated near by, but they
were light or not observed on the vesicles in the
The acid

phosphatase activities appeared on the lysosome

immediate vicinity of bile canaliculi.

and vesicles located near by, but did not appear
on the vesicles as approaching closer to the bile
canaliculi,

The evidence suggests that the vesicles are
derived from the cis Gogi cistern and lysosomes
and fuse to bile canaliculi for exocytosis, and
that the activity in the vesicles is diminished as

approaching closer to the bile canaliculi.
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FIGURE LEGENDS

Portions of hepatocytes from a rat, 20 min after administration of dehydrocholic acid. The Golgi
apparatus (G) is located in the vicinity of bile canaliculus (BC). The cis Golgi cistern (double
arrows) is sacculated and faces toward the bile canaliculus. Vesicles (arrow) are seen near the
bile canaliculus. Vesicles (small arrow) near the trans Golgi cistern show moderate electron
densities. L: lysosomes. Bar=0.5um

Portions of hepatocytes from a rat, 20 min after administration of dehydrocholic acid., The
reaction product of thiamine pyrophosphatase is apparant on the trans Golgi cisterns (thick
arrow) which faces toward the opposit side of bile canaliculi (BC). The cis Golgi cistern (double
arrows) is sacculated. A vesicle (arrow) is seen near the bile canaliculus. Bar=0.5um

Portions of hepatocytes from a rat, 20 min after administarion of dehydrocholic acid. The
osmium deposit is seen on the cis Golgi cistern (double arrows) and bud (vacant arrowhead).
The bud occurs by elongation and attenuated neck, which is connected to the cis Golgi cisterns.
BC: Bile canaliculus. Bar=1um

Portions of hepatocytes from a rat, 20min after administartion of dehydrocholic acid. The Golgi
apparatus (G) is located in the vicinity of bile canaliculus (BC). Vesicles (small arrow) are seen
near the trans Golgi cistern. The osmium deposits are heavy on the cis Golgi cistern (double
arrows) and vesicles (arrow) isolated near by. Bar=1pum

Portions of hepatocytes from a rat, 20 min after administarion of dehydrocholic acid. Lysosomes
(L) show acid phosphatase reaction product. Vesicles (arrow) showing acid phosphatase activities
are seen near the bile canaliculus (BC). Vesicles (small arrow) devoid of acid phosphatase
reaction products are also seen. Bar=0.5pm ’

Portions of hepatocytes from a rat, 20min after administarion of dehydrocholic acid. Lysosomes
(L) and vesicle (arrow) show acid phosphatase reactions. A vesicle (small arrow) is localized at
the porobable site where it will be fused to bile canaliculus (BC). Bar=1um
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