ZWESE, 41(6) : 579~593, 1993

Zw MNFHEiEIc BT B
AR F X — L ETEARREIC BT B TR

H OB R K
(EMAHESHE | I
(EfE:KH Bt

Study on the Mechanism of Peroxisome
Proliferation in Rat Hepatocytes

Yasunori MOMOSE
Department of Anatomy and Cell Biology,
Shinshu University School of Medicine
(Dirvector : Prof. Tetsuji NAGATA)

Bezafibrate, a hypolipidemic agent, induces peroxisome proliferation in rat liver. In order to elucidate the
mechanism of peroxisome proliferation, the intracellular localization of the peroxisome proliferator in
cultured hepatocytes was examined by means of light and electron microscopic radioautography using
1 labeled bezafibrate. Furthermore, in order to study the relation between peroxisomes and endoplasmic
reticulum in peroxisome proliferation, electron microscopic enzyme cytochemistry of the catalase and G6Pase
on the same cells were carried out. On light microscopic radioautograms, about 90% of all the silver grains
were localized over the cytoplasm, and statistical significance was evaluated on grain density in the cytoplasm.
On electron microscopic radicautograms of whole mount cultured cells, silver grains were localized on
cytoplasmic matrix especially over endoplasmic reticulum. Electron microscopic and biochemical studies on
rat Hver treated orally with bezafibrate revealed the proliferation of smooth membranous structure resembling
SER. With enzyme cytochemistry, the G6Pase reaction products were observed inside the peroxisomal
membrane of rat hepatocytes treated orally with bezaﬁbrate.

From these results, it is concluded that bezafibrate was localized over endoplasmic reticulum. This fact
suggests that the receptor of peroxisome proliferator should be associated with the endoplasmic reticulum or
the receptor exists on the endoplasmic reticulum. Shinshu Med | 41: 579—593, 1993

(Received for publication July 30, 1993)
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Fig. 1 Electron micrograph of normal cultured rat hepatocytes visualized with enzyme
cytochemistry for catalase. Small number of peroxisomes are observed.

Fig. 2 Electron micrograph of a cultured rat hepatocyte treated with 0.5mM bezafibrate
for 48 hours visualized with enzyme cytochemistry for catalase. The cytoplasm is
filled with numerous peroxisomes which are DAB positive.

Inset shows high magnification view of the relation between peroxisomes and
smooth endoplasmic reticulum. Smooth endoplasmic reticulum are frequently seen
around the peroxisomes which are not in contact with each other. No budding is
seen in both of them.
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Fig. 3 Light microscopic radioautogram of cultured rat hepatocytes after incorporation of
“C-bezafibrate for 10 min, fixed with 2% paraformaldehyde, stained with DAB,
embedded in epoxy resin, radioautographed by wet-mounting and exposed for 2
months. DAB positive peroxisomes and silver grains are seen. Many silver grains are
observed over the cytoplasm, but only a few silver grains are observable over the
karyoplasm (arrows). X 1,700.

Fig. 4 Light microscopic radioautogram of cultured rat hepatocytes after incorporation of
1“C-bezafibrate for 60 min, fixed with 29 paraformaldehyde, stained with DAB,
embedded in epoxy resin, radioautographed by wet-mounting and exposed for 2
months. DAB positive peroxisomes and silver grains are seen. Many silver grains are
observed over the cytoplasm, but very few silver grains are seen over the karyoplasm
(arrows). x1,700.
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Fig. 5 Electron microscopic radioautogram of a whole mount cultured rat hepatocyte
after incorporation of C-bezafibrate for 10 min, fixed with 294 paraformaldehyde,
stained with DAB and dried with critical point drying and radioautographed by
wet-mounting. Silver grains are observed on the cytoplasmic matrix (arrows).
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Table 1 Number of silver garains over cellular compartment of cultured rat hepatocytes
in light microscopic radicautograms after incorporation of '4C-bezafibrate

Incubation time

Number of grains/cell

Density of grain (Number/xm?)

(min) Karyoplasm Cytoplasm Total Karyoplasm Cytoplasm
10 3.442.2 33.6+£13.9 . 37.0x15.7 0.076+0.055 0.122£0.058*
€)] D (100>
60 4.71+2.6 43.7+£16.7 48.4+18.9 0.104%0,048 0.160+0.082*
(10) 90> (100>

The grain analysis performed on 20 hepatocytes obtained from each dish. _
Density of grains in the cytoplasm is significantly different from that in the karyoplasm (* : p<0.05).

Numbers in parentheses are 9 of total value.

Fig. 6 High magnification of an electron microscopic radioautogram of a whole mount
cultured rat hepatocyte after incorporation of *C-bezafibrate for 10 min, fixed with
29% paraformaldehyde, stained with DAB and dried with critical point drying and
radioautographed by wet-mounting. Silver grains are observed on the cytoplasmic
matrix, especially over endoplasmic reticulum (arrows).

Fig. 7 Electron microscopic radioautogram of a whole mount cultured rat hepatocyte -
after incorporation of “C-bezafibrate for 10 min, fixed with 294 paraformaldehyde,
stained with DAB and dried with critical point drying and radioautographed by
wet-mounting. Silver grains are over the endoplasmic reticulum (arrows).
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Table 2 Biochemical parameters in rat liver homogenates from control and

bezafibrate-treated animals

Administration period

Parameter
Control 10 days 14 days
Glucose-6-phosphatase 124.4+13.9 106.8+£3.7* 102.4+6.3*
(#mol/min/g protein)
Cytochrome P-450 0.270%0.022 0.351£0.037** 0.38140.024***

(ng/mg protein)

Values represent the means + SD, n=5.

Significantly different from control values, *: p<0.05, **: p<0. 01,***: p<C0.001.

Fig. 8 Electron micrograph of a normal rat hepatocytes. The liver was fixed by perfusion
with buffered 29 glutaraldehyde, postfixed in buffered 1% osmium tetroxide,
embedded in epoxy resin and stained with uranyl acetate and lead citrate. Prolifera-
tion of peroxisome and SER are not seen.

P: peroxisome, SER : smooth endoplasmic reticulum.

Fig. 9 Electron micrograph of a rat hepatocyte treated orally with bezafibrate 100mg/kg
for 10 days. The liver was fixed by perfusion with buffered 2% glutaraldehyde,
postfixed in buffered 1% osmium tetroxied, embedded in epoxy resin and stained
with urany! acetate and lead citrate. Marked proliferation of peroxisome and SER,
and myelin-like structure (arrow) are seen.

Inset shows high magnification view of the relation between peroxisomes and
SER. Smooth membranous structure resembling SER(arrow heads) are frequently
seen around the peroxisomes, but no relation is observed between them.

P: peroxisome, SER : smooth endoplasmic reticulum.

Fig. 10 Electron micrograph of a rat hepatocyte treated orally with bezafibrate 100mg/
kg for 14 days. The liver was fixed by perfusion with buffered 2% glutaraldehyde,
postfixed in buffered 19% osmium tetroxide, embedded in epoxy resin and stained -
with urany! acetate and lead citrate. Marked proliferation of peroxisome and SER,
and myelin-like structure (arrow) are seen.

P : peroxisome, SER : smooth endoplasmic reticulum.
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Fig. 11 Electron micrograph of normal rat hepatocytes stained with enzyme cytochemi-
stry for catalase and G6Pase. The G6Pase reaction products are seen on the endo-
plasmic reticulum and the nuclear envelope. The catalase reaction products are only

seen inside the peroxisomes.

Fig. 12 Electron micrograph of rat hepatocyte treated orally with bezafibrate 100mg/kg
for 14 days. The G6Pase reaction products are seen on the endoplasmic reticulum

and the peroxisomal membrane (arrow).

Fig. 13 High magnification electron micrograph of peroxisomes of a rat hepatocyte
treated orally with bezafibrate 100mg/kg for 10 days, and stained with enzyme
cytochemistry for catalase and G6Pase. Note the reaction products of G6Pase inside

the peroxisomal membrane (arrows).

Fig. 14 High magnification electron micrograph of peroxisome of a rat hepatocyte
treated orally with bezafibrate 100mg/kg for 14 days, and stained with enzyme
cytochemistry for catalase and G6Pase. Note the reaction products of G6Pase inside
and outside the peroxisomal membrane (arrow).
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