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A Scanning Electron MicroScopic Study on the Sinusoidal Fenestrations in
the Hepatic Lobule of Normal Rat

Seong-Eun Koh and Young-Chul Shin

gl FEFERHIA G Jd FAAAHE A AT

(Received November 10, 1995)

Fagel Sl TRHEIN AL 85} A2l AR F23 d8E d= P2 geiA gl 2
#t o] WA FalME o} = HESH ]} § FAI7L el Wob et

2 9TAME FRFERNAA F 58] 239 AA oFe Ao 29 RIS T P )9 2
A& 7122 e A4S FY5 $EFE A ESTA S

AYTEL HolzA g QA 37] HAste] 2T Mol Fof AT Fol AFTAG L Ao ulel Aag =
€ 2A8EL FAAAATE L2 A3

I AF FERGERY el kA 2719 Wi Fe] BFRNE oEd A%, TR a9 37t
A Yoz FRIUS

e AL AR by 2 st BejM depgen S e w2y A3 AodM Y 2
A= PHE depbAv A2 $34e Eeidd delde, 53] 7042 499 FAWe o] Fxale 3
ol slel M2E FY22 ERSYT. AL 92 FH9 A5 AR 2 $3o] Frlsldon Azl 9
3 Fod 4= ‘4'7%5]31-9—‘/} Hdd A Fel £ 4 A1 Wil ATAE] oFd A2 2

&9 Ao Fxo gt i, F0d 4 FARE FEIAUS. FARAE AL ol FRY
of Wol #AFY. FANANNE F037 A o] Hol: FRFERe] Wo) FAHT. FUNeME 245
TG 2] o 2ol Hol FRYY o] Wol AAHA.

ol 4e] 2722 vjFe] FEYFHAYANZL 249 PEdeA FH2 sheM HAAH o2 A} Fhd e
A FAYZ 7A zelA = S BolAut S 2 Fdde) Ao vjshd E Hele}

Key words : Sinusoidal fenestration, Hepatic lobule, Rat

investigators, because they are important sites

INTRODUCTION where the materials are exchanged between the

blood plasma and hepatocytes (Fawcett, 1955;

Hepatic sinusoids have been studied by many  Wassermann, 1958; Bennett, ¢f al., 1959; Wood,
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1963; Majno, 1965; Kuhn and Olivier, 1965;
Burkel and Low, 1966; Papadimitriou and Wal-
ters, 1968; Schaffner and Popper, 1968; Ito and

Shibasaki, 1968; Laschi and Casanova, 1968;
Grubb and Jones, 1971; Wisse, 1972; Gemmel
and Heath, 1972; Ito, 1973; Ogawa ef al.,
1973).

From the scanning electron microscopic studi-
es, the sinusoidal fenestration has been well de-
monstrated in the hepatic lobule of various ani-
1974; Muto, 1975;
1975; Muto et al.,
1977). From these studies, the sinusoidal fenes-

mal species (Itoshima et al.,
Nopanitaya and Grisham,

tration has been divided into two types; small

and large, according to their sizes. However,
Some investigators have denied the existence of
the large fenestration (Wisse, 1970; Orci ef al.,
1971; Brooks and Haggis, 1973; Eguchi ef al.,
1976). ’

On the other hand, the data on the distribu-
tion of the fenestrations also differ from author
to author (Ashworth and Sauders, 1960; Mon-
tesano and Nicolescu, 1978; Nopanitaya et al.,
1979; Vidal-Vanaclocha and Baebera-Guillem,
1985).

However, since the battgrn of distribution of
the sinusoidal fenestration is associated with its
size, it is considered that the types and pattern
of distribution of the fenestrations should be
revaluated.

Thus this study was designed to examine the
morphology and distribution of the sinusoidal
fenestrations in the hepatic lobule of the normal

rat.
MATERIALS AND METHODS

Normal albino rats (Wistar, male, 250~280g)
were used for this study. At 3 hr after the last

feeding, the animals were anesthetized by intra-

peritoneal injection of sodium pentobarbital (Ne-
mbutal 0,015 g/g boéy, yveight):gﬂrgd"perfused wi-
th Ringer solution through thei?neart under pre
ssure of 120 cm H:O for 2 ht foﬂé’fved by perfu
sion with 2% glutaraldehyde solufion buffered
with sodium- cacodylate (pH 7.3) for 10 min. The
inferior vena cava was widely opened at the
beginning of the perfusion. After perfusion, the
liver was removed and cut into small blocks,
The tissue blocks were kept in the same fixati-
ve containing 2% tannic acid solution at 4 °C for
6 hr, ‘and then post-fixed with 2% aquaous' osm-
ium tetroxide at 4 °C for:.6 hr. They were rins-
ed in the distilled water for 12 hr, dehydrated
and substitute_d by
Then they were dried at. the
critical point in CO, and cracked. Finally the

in a series of graded ethanol,
iscamyl acetate.

samples were sputtered with gold pall?dium in a
vacuum evaporator (HUS-OGB) and oii)servee'd by
using the scanning electron microscope (S-800,
Hitachi).

The liver lobule and sinusoids were photogra-
phed at low (X1500~2000) and high (><6000~
8000) magnifications. The photographs were enl-
arged on printing papers at a final magnififcat—
ion., Low magnification electron micrographs
were used for recording the location of singsbids
with respect to the zonation which define .the
hepatic lobule. The high magnification electron
micrographs were used for the determlnatlon of
diameter and number of each type of fenestrat-
ions in the given area of sinusoids. The smuso~

ids photographed has been' clearly 1dent1f1ed Wlth

" respect to their locations in the area of lobule as

compared to those in the low magmflcatlon pxct—

ures.
RESULTS

In the view of low power, the sinusoid appe-
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ared as a space between the liver cell plates
which were one cell in thickness, ~branched and
anastomosed (Fig. 1) The inner éurface of the
sinusoid showed various size fenestrations. The-
se fenestrations were usually round or oval in
shapes. And they showed smooth edges. From
the measurements, the sinusoidal fenestrations
in the hepatic lobule of normal rats were divid-
ed into three types; small, medium-sized and
large (Table 1). The small fenestrations appear-
ed to be individually or gathered into clusters
(Figs. 2 and 3).

The medium-sized fenestrations were either
individually organized or in the cluster of small
fenestrations (Figs. 4 and 5). The large fenest-
rations appeared to be either individually or acc-
ompanied by small or medium-sized fenestrat-
ions. They were also seen to be partitioned into
two parts by slender cytoplasmic strands. How-
ever, neither interruption of cytoplasmic strands
nor tearing of the fenestrations were encoun-
tered (Figs. 6 and 7). Through the large fenes-
trations, microvilli of the hepatocytes or colla-
gen fibrils in the space of Disse could be observ-
ed.

From the distribution pattern of the sinusoidal
fenestrations, the hepatic lobule could be divided
into three zones, peripheral,
central (Tables 2 and 3). The sinusoid showing
only small fenestrations (type I) were predomin-
ant (Figs. 2 and 3) in the peripheral zone, alth-
ough the small fenestrations were distributed th-
roughout the entire lobule. In the intermediate
zone, the sinusoid providing with large fenestrat-
ions (type III) were abundant (Figs. 4 and 5). In
the central zone, the sinusoids having the medi-
um-sized fenestrations (type II) were frequently
seen (Figs. 6 and 7). Based on the type of sinu-
soid, the zonation within the lobule was deter-

mined. The central and peripheral zones were

intermediate and.

‘Muller,

5~6 cells in thickness. Therefore the interme-
diate zone was large and the sinusoids observed
in this zone were much more than other zones
(Tables 2 and 3).

The fenestrations were not observed on the
inner surface of the central vein and tributaries

of the portal vein (Fig. 1).

Table 1. Diameter range of each type of fenestration
observed in the hepatic lobule (#m).

small medium large

0.01~0.10|0.11~0.90 1.0~2.0

Fenestrations

Diameter range

Table 2. Number of each type of sinusoid observed
in each zone of the hepatic lobule.

Type of sinusoid I o 1 m Total
Zones
Peripheral 107 34 17 158
Intermediate 24 35 112 171
Central 21 101 27 149
Total 152 170 156 478
Remarks:
[ : type of sinusoid provided with only small fen-
estrations

I : type of sinusoid provided with small and medi-
um-sized fenestrations

III : type of sinusoid provided with small, medium-
sized and large fenestrations

Table 3. Proportion for each type of sinusoid in each
zone of the hepatic lobule(%).

Sinusoids | 1 II I | Total
Zones
Peripheral 67.72 | 21,52 | 10.76 100
Intermediate 14,03 | 20.47 | 65.50 | 100
Central 14.10 | 67.78 | 18.12 100
DISCUSSION

Many investigators have divided the fenestra-
tions into two types; small and large, according
to their sizes (Muto ef al., 1977; Vonnahme and
1981).

fenestrations observed in this experiment was

The morphology of sinusoidal
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similar to that described by previous investiga-
tors. However, the fenestrations could be divid-
ed into three types; small, medium-sized and
large, based on the size and distribution pattern
of the fenestrations.

The problem on the existence of large fenest-
ration still remains to be settled.

Some investigators denied the existence of the
large fenestrations (Wisse, 1970; Brooks and Ha-
ggies, 1973; Frenzel ef al., 1976) from the pre-
sence or ruptured cytoplasmic strands which su-
bdivide the large fenestrations. The rupture of
the cytoplasmic strands would be caused by hy-
drostatic pressure applied during perfusion fixat-
fon and the tearing of fenestrations would be
resulted. However, many investigators have rep-
orted that the small and large fenestrations co-
exist (Itoshima et al., 1974; Muto, 1975; Grisham
et al., 1975). Some others have suggested that
the large fenestrations may be resulted from the
physiological fusion of the small ones (Montesano
and Nicolescu, 1978). Motta and Porter (1974),
and Muto (1975) have reported that the large
fenestrations measured from 1 to 2 pm in dia-
meter. Another SEM study of perfusion fixed
rat liver have shown that the large fenestrations
ranging from 1 to 3 pm were present in the end-
othelial lining cells of the sinusoid. From the fr-
eeze fracture replica of perfusion fixed rat liver,
Montesano and Nicolescu (1978) have described
that the large fenestrations were more than 600
nm in diameters. The difference in the size of
large fenestrations may be due to the physiolog-
jcal states of the liver, sampling techniques or
any reasons that the large fenestration was excl-
uded as an artifact.

From this study, cytoplasmic strands appeared
to be attenuated. However, large fenestrations
were less than 2.0 #m in diameter and neither

interruption of cytoplasmic strands nor images

showing the tearing of large fenestrations were
observed. Therefore, the perfusion fixation per-
formed from this study would be adequate to
preserve the sinusoidal fenestrations and the size
of the large fenestrations might be kept as real
ones,

The distribution pattern of the large fenestrat-
ions differ from author to author (Itoshima et
, 1974; Grisham ef al., 1976; Muto et al.,
1977; Oikawa, 1979, Vonnahme and Muller,
1987), although the small fenestrations are wid-

al.

ely distributed throughout the entire lobule. Mu-
to et al.(1977) and Vonnahme and Muller (1981)
have reported that the large fenestrations occu-
rred at random in the hepatic lobule of human
and monkey respectively. Oikawa (1979) has re-
ported that the large fenestrations are distribut-
ed equally throughout the lobule in the mouse.
Itoshima et al/.(1974) has described that the
large fenestrations are distributed in the central
area of the lobule in the guinea pig. Grisham ef
al. (1975) has demonstrated that the large fenes-

trations are predominant in the peripheral area

-in the lobule of the rat. Mutp (1970) have repo-

rted that the large fenestrations appeared to be
numerous in the intermediate area and only the
small fenestrations occupied the narrow area ad-
jacent to the central vein or portal canals in the
normal rat liver, Vidal-Vanaclocha and Bar-
bera-Gdillem (1985) have reported that the fene-
strations were larger around the central vein th-
an in the periportal area,

The data mentioned above may indicated that
the distribution pattern of the fenestration differ
according to the animal species, feeding or phy-
siological states (Kuhn and Olivier, 1965; Wisse,
1970; Motter and Porter, 1974; Nopanitaya and
Grisham, 1975). However, our data were partly
similar to those observed by Muto (1970) and
Vidal-Vanaclocha and Barbera-Guillem (1985)
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who used same animal species.
From this evidence, it is assumed that the di-
stribution pattern does not differ in the same

animal species and same feeding states.
SUMMARY

Rat liver sinusoids were observed by scanning
electron microscopy. The sinusoids were prov-
ided with fenestrations which were divided into
three types; small, medium-sized and large.
The small fenestrations were usually gathered

into clusters. The medium-sized fenestrations

were either individually organized or in the clu-

ster of small fenestrations. The large fenestrat-
ions were usually accompanied by small or medi-
um-sized fenestrations., The lobule was divided
into three zones; peripheral, intermediate and
central, according to the distribution pattern of
the fenestrations. The sinusoid providing with
small fenestrations (type I) were predominant in
the peripheral zone. The sinusoid showing medi-

um-sized fenestrations (type II) were frequently

observed in the central zone. The sinusoid hav-.

ing large fenestrations (type III) were abundant
in the intermediate zone,

This evidence indicate that the sinusoidal fene-
strations become larger toward the intermediate
zone from the peripheral zone of the lobule and
progressively smaller toward the central zone.
However, the fenestrations observed in the cen-
tral zone seem to be larger than those seen in
the peripheral zone of the lobule.
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Fig, 4.
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FIGURE LEGENDS

A portion of the hepatic lobule from normal rat, The hepatocytes (H) form one cell thick plates
between which the sinusoids (double arrowheads) appear as branched and anastomosed grooves.
C: central vein. P: branch of portal vein. Bar=4 gm

A portion of the inner surface of sinusoid (type I) in the peripheral area of hepatic lobule (boxed
area of A in Fig. 1). Small fenestrations (arrow) appear to be distributed, singly or gathered into
clusters. Bar=1#m

A portion of the inner surface of sinusoid (type 1) in the peripheral area of hepatic lobule (boxed
area of B in Fig. 1). Small fenestrations (arrow) appear to be individually or gathered into clus-
ters., Bar=1pgm

A portion of the inner surface of sinusoid (type III) in the intermediate area of hepatic lobule
(boxed area of C in Fig. 1), Large fenestrations (triple arrows) appear to be scattered. Throug-
hout the large fenestrations. microvilli of the hepatocytes are seen. Small (arrow) and medium-
sized (double arrows) fenestrations are also seen. Bar=1gm

A portion of the inner surface of sinusoid (type III) in the intermediate area of hepatic lobule
(boxed area of D in Fig. 1). Small (arrow), medium-sized (double arrows) and large (triple arr-
ows) fenestrations are seen. Bar=1gm

A portion of the inner surface of sinusoid (type 1I) in the central area of the lobule (boxed area E
in Fig. 1). Medium-sized fenestrations (double arrows) are seen. Small fenestrations (arrow) app-
ear to be individually or gathered into clusters. Bar=1sm

A portion of inner surface of sinusoid (type II) in the central area of the lobule (boxed area of F
in Fig. 1). Medium-sized fenestrations (double arrows) are widely distributed. Small fenestrations
(arrow) are gathered into clusters, Bar=1um
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