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Abstract

Binding and internalization of arabinogalactan, pullulan, dextran, and mannan were examined in rat liver parenchymal and
nonparenchymal cells using125I or fluorescein isothiocyanate (FITC) labeled polysaccharides. Binding and uptake of arabino-
galactan and pullulan into parenchymal cells was inhibited by asialofetuin, indicating that the asialoglycoprotein receptor is
involved in the intracellular disposition of arabinogalactan and pullulan. Uptake of125I-labeled dextran to parenchymal cells
was unchanged upon addition of excess unlabeled dextran, suggesting that dextran uptake occurs via fluid phase endocytosis.
Of the polysaccharides tested, mannan showed the strongest specific association with liver nonparenchymal cells. FITC-labeled
polysaccharides showed arabinogalactan and pullulan are internalized to liver parenchymal cells, whereas mannan is internal-
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zed to nonparenchymal cells. This study demonstrates that intracellular disposition of polysaccharides in the liver o
eceptor-mediated endocytosis (RME), indicating that RME plays a role in the biodisposition of these polysaccharide
arriers.
2004 Elsevier B.V. All rights reserved.
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. Introduction

A wide variety of materials have been examined for
heir ability to deliver drugs to specific sites within the
ody. Many polysaccharides have structures which are
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recognized by specific receptors, e.g. asialoglyco
tein receptor, mannose receptor, or scavenger r
tors. In general, binding between a receptor and a
cific polysaccharide substrate, results in internaliza
of the polysaccharide into the cell. This sequenc
events, binding and internalization, called intracell
disposition, can affect biodisposition of the polys
charide in vivo.

After intravenous injection, polysaccharide wh
is not excreted from the kidney distributes to the re
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uloendothelial system. The polysaccharides arabino-
galactan, pullulan, dextran, and mannan are known to
distribute to the liver and can be used as drug carriers.
Arabinogalactan is a highly branched, water-soluble
polysaccharide, containing numerous terminal galac-
tose residues which are responsible for its binding to
the asialoglycoprotein receptor in vitro (Groman et
al., 1994). We previously studied the pharmacokinet-
ics and biodisposition of FITC-labeled arabinogalac-
tan in rats and demonstrated its ability to serve as a
carrier for the delivery of enzymes and drugs to liver
parenchymal cells, via the asialoglycoprotein receptor
(Kaneo et al., 2000b). Pullulan is a water-soluble, vis-
cous polysaccharide consisting of three�-1,4-linked
glucose molecules, polymerized by�-1,6-linkages to
the terminal glucose. We have previously investigated
the biodisposition of pullulan in rats and demonstrated
that the asialoglycoprotein receptor contributes to the
hepatic distribution (Kaneo et al., 2001). Dextran is a
polysaccharide consisting of glucose molecules linked
through the�-1,6 positions, with various degrees of
branching at the�-1,3 positions. It has been shown
that FITC-labeled dextran accumulates in the liver and
that hepatic uptake of dextran is slow (Kaneo et al.,
1997). Mannan consists of an�-1,6-linked mannose
backbone, with short 1,3-mannose branches, attached
by �-1,2- and�-1,3-linkages. After intravenous injec-
tion into mice, mannan is mainly distributed to the liver
and spleen (Hojo and Uchiyama, 1972).

Polysaccharides are known to distribute to the liver
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is recognized by the mannose receptor found in liver
nonparenchymal cells. A definitive mechanism for the
uptake of dextran to the liver has not yet been estab-
lished. While dextran has displayed a fluid phase endo-
cytosis ascribed to non-specific receptor binding, some
investigators have found that the asialoglycoprotein re-
ceptor does play a role in the uptake of dextran to the
liver in vivo (Nishikawa et al., 1992).

Little is known about the intracellular disposition of
polysaccharides in liver cells. In vivo examination of
polysaccharide biodisposition would provide dynamic
information regarding the fate of polysaccharides at an
organ level, although differentiation between the var-
ious polysaccharide-cell interactions (binding and up-
take) could be difficult. In this paper, we examined the
binding and internalization of arabinogalactan, pullu-
lan, dextran, and mannan into liver parenchymal and
nonparenchymal cells, hoping to provide information
on the interactions between polysaccharides and liver
cells.

2. Materials and methods

2.1. Materials

Arabinogalactan, mannan, asialofetuin (type II,
AF), and bovine serum albumin (BSA) were purchased
from Sigma Chemical Co. (St. Louis, USA). Pullu-
lan was kindly donated by Kuraray Co. Ltd. (Osaka,
J har-
m ob-
t n).
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fter intravenous injection, which is desirable for de
ry of drugs targeted for the liver. Drug targeting is u
lly exploited at the cellular level, specific to the act
ite of the drug, and it has been shown that polysac
ides can deliver drugs to specific cells (Hosseinkhan
t al., 2002). One of the more desirable mechanis

or drug delivery into a specific cell is by recept
ediated endocytosis (RME) because some rece
istribute in the specific cell and recognize specific
nds, which are known to use (Hashida et al., 1997
ato and Sugiyama, 1997; Tanaka et al., 2004; Wagner
t al., 1994). We have previously demonstrated t

n vivo, polysaccharides will typically accumulate
he liver, and that different sugar species will tar
ifferent cell types (Kaneo et al., 2000a). In vivo ex-
eriments showed arabinogalactan and pullulan
ecognized by the asialoglycoprotein receptor, fo
n the liver (Kaneo et al., 2000b, 2001), while mannan
apan). Dextran was purchased from Amasiam P
acia Biotech (Tokyo, Japan). Collagenase H was

ained from Boehringer Mannheim (Tokyo, Japa
illiam’s medium E was obtained from Dainipp
harmaceutical Co. Ltd. (Osaka, Japan). Fetal bo
erum (FBS) was purchased from Life Techno
ies (Gaithersburg, USA) and inactivated at 56◦C for
0 min before use. Fluorescein isothiocyanate (FI
as obtained from Wako Pure Chemical Industr
td. (Osaka, Japan). All other chemicals and reag
ere of the highest grades commercially available

.2. Radio-labeling of polysaccharides

Tyramine derivatives of polysaccharides were
ared as previously described (Kohn and Wilchek
984). Polysaccharide (200 mg) was dissolved in 1
cetone in water (4.4 ml). A solution of CNBr (20 m
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in acetone (0.2 ml) was added at 0◦C. After 2 min, a so-
lution of tetraethylamine (30.4 mg) in acetone (0.2 ml)
was added at 0◦C. After a further 2 min, tyramine
(40 mg) in 0.1 M Na2CO3 containing 0.5 M NaCl (pH
8.5, 4 ml) was added and stirred at 4◦C overnight.
The reaction mixture was dialyzed against water, and
a macromolecule fraction was lyophilized to yield a
white powder containing 1.0–2.1 (w/w%) tyramines.
Tyramine derivatives of the polysaccharides (200�g)
were labeled with 0.25 mCi of125I-iodine (Amer-
sham Biosciences, Tokyo, Japan) by the chloramines T
method (Greenwood and Hunter, 1963). Unbound125I
was removed by chromatography on a PD-10 column
(Amersham Biosciences).

2.3. FITC-labeling of polysaccharides

FITC-labeled polysaccharides were prepared as pre-
viously described (De Belder and Granath, 1973;
Kaneo et al., 2000b). The polysaccharide (1 g) was
dissolved in methyl sulphoxide (10 ml) containing 3
drops of pyridine. FITC (400 mg) and dibutylin dilau-
rate (20 mg) were added and the mixture was heated
for 2 h at 95◦C. After several precipitations in ethanol,
the FITC-labeled polysaccharide fraction was isolated,
and purified by size-exclusion chromatography on
Sephadex G-25 and then freeze-dried.

2.4. Experimental animals
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cells were fractionated on Percoll density gradients to
obtain more than 98% viability, as verified by a try-
pan blue exclusion test. The cells were then resus-
pended in William’s medium E containing dexametha-
sone (1�M), insulin (0.1�M), and 10% FBS. The cells
(1× 106 cells) were placed in a 35 mm collagen type
I coated culture dish (Iwaki, Funabashi, Japan) and in-
cubated in humidified air with 5% CO2 at 37◦C for
24 h.

Immediately preceding each experiment, the cell
monolayer was washed with Hanks’ medium contain-
ing 2.4 mM CaCl2 and 10 mM HEPES (pH 7.4) and
incubated in 2 ml of William’s medium E containing
0.04% BSA (BSA/Williams) at 37◦C for 5 min. Phase
contrast microscopy, utilizing an inverted system mi-
croscope (IMT-2, Olympus, Tokyo, Japan) was em-
ployed for observations of the cells. The cells were
confirmed to be free of phagocytotic cells by their lack
of Chinese ink uptake.

2.6. Preparation of liver nonparenchymal cells

Isolated liver cells were obtained from rats by col-
lagenase perfusion as described above. Cells were cen-
trifuged at 50 g for 2 min and the supernatant was fur-
ther centrifuged at 500×g for 5 min. The pellets were
gathered and suspended in RPMI1640 containing 10%
FBS. The cell suspension was seeded on non-coated
35 mm tissue culture plates. The cells were allowed to
attach for 1 h at 37◦C in humidified air with 5% CO2.
A hu-
m s
w ts as
l hi-
n ke of
i

2

mal
a
l ndi-
t yed
( e-
t
O
a and
i ted
Wistar strain male rats (6 weeks old) weig
ng 180–200 g were purchased from Japan SLC,
Shizuoka, Japan). The rats were kept in cages
aintained on a commercially balanced stock diet (
ntal Yeast Co. Ltd., Tokyo, Japan) with water ad
itum. Before experiments, each rat was anesthe
ith pentobarbital. All aspects of the work were p

ormed following the Fukuyama University guidelin
or animal experiments.

.5. Preparation of liver parenchymal cells

Hepatocytes were isolated from male Wistar rat
eeks old, Japan SLC, Inc., Shizuoka, Japan) by
ollagenase perfusion method (Moldeus et al., 1978).
he hepatocytes were centrifuged at 50×g and the

esulting pellet washed with Hanks’ medium conta
ng 2.4 mM CaCl2 and 10 mM HEPES (pH 7.4). Th
dherent cells were washed twice and incubated in
idified air with 5% CO2 at 37◦C for 24 h. The cell
ere washed and used for the following experimen

iver nonparenchymal cells. After incubation with C
ese ink, microscopic observations indicated upta

nk into the cells.

.7. Binding experiments

Binding of polysaccharides to rat liver parenchy
nd nonparenchymal cells was examined using125I-

abeled polysaccharides as ligands. Incubation co
ions allowing binding, but not uptake, were emplo
Weigel and Oka, 1981), and binding strength was d
ermined as previously reported (Tanaka et al., 1998).
ne milliliter of medium, containing125I-labeled lig-
nd, was added to the washed monolayer of cells

ncubated at 0◦C for 120 min. The media was aspira



12 T. Tanaka et al. / International Journal of Pharmaceutics 286 (2004) 9–17

and the cells washed three times with ice-cold Hanks’
medium containing 1.3 mM CaCl2 and 10 mM HEPES
(pH 7.4).

2.8. Uptake experiments

Polysaccharide uptake was determined using125I-
labeled ligands incubated with rat liver parenchymal
and nonparenchymal cells at 37◦C. To initiate uptake,
1 ml of pre-warmed (37◦C) BSA/Williams media, con-
taining 1�g/ml of 125I-labeled ligand, was added to a
pre-washed monolayer of cells, and incubated at 37◦C.
At the appropriate time, the dishes were washed three
times with ice-cold Hanks’ medium containing 1.3 mM
CaCl2 and 10 mM HEPES (pH 7.4).

FITC-labeled polysaccharides (10�g/ml) were
added to the cell monolayer and incubated for 4 h.
The cells were washed four times with ice-cold Hanks’
medium containing 1.3 mM CaCl2 and 10 mM HEPES
(pH 7.4). The monolayers were examined by fluores-
cence microscopy (inverted microscope system, with
IMT-2 epi-fluorescence apparatus attached, IMT2-
RFC, Olympus, Tokyo, Japan). Photomicrography was
carried out by an attached 35 mm single-lens reflex
camera (OM-2, Olympus).

2.9. Sample analysis

Radioactivity and protein content were measured as
previously described (Tanaka et al., 1998). One mo-
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jection, the dispositions of arabinogalactan, pullulan,
dextran, and mannan, show distribution to, and accu-
mulation within, the liver. The liver consists of approxi-
mately 80% parenchymal cells, and 20% nonparenchy-
mal cells (Kupffer cells, endothelial cells, hepatic satel-
lite cells and Pit cells). To elucidate the intracellular
disposition of the polysaccharides, we examined the
binding and uptake to the liver parenchymal and non-
parenchymal cells, by the use of both radioisotope and
fluorescence labeled polysaccharides.

3.1. Intracellular disposition in liver parenchymal
cells

Fig. 1A shows the binding of125I-labeled polysac-
charides, arabinogalactan, pullulan, dextran, and man-
nan, to liver parenchymal cells at 0◦C for 120 min,
with arabinogalactan showing the strongest binding.
The binding of arabinogalactan and pullulan signifi-
cantly decreased upon addition of unlabeled polysac-
charide, while dextran and mannan showed no effect.
These observations indicate that arabinogalactan and
pullulan are specifically bound to liver parenchymal
cells, whereas dextran and mannan are not. A specific
mechanism which has a saturable manner would con-
tribute to the binding of arabinogalactan and pullulan.

To examine polysaccharide uptake, each of the
125I-labeled polysaccharides was incubated with liver
parenchymal cells at 37◦C for 120 min (Fig. 1B). Up-
take of arabinogalactan and pullulan significantly de-
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llowed to stand at room temperature for 20 min. A
bilized aliquot (0.7 ml) was neutralized with HCl a

he radioactivity determined using a gamma cou
loka Auto Well Gamma System ARC-380CL (Alok
okyo, Japan). The protein content was determine
he Lowry method (Lowry et al., 1951), using BSA
s a standard. Data were obtained from three sep
xperiments with different cell cultures.

. Results and discussion

Polysaccharides are one of the most attrac
acromolecules for drug delivery. Their many
roxyl groups provide for convenient drug attachm
nd they display a unique distribution pattern in
ody due to the sugar moieties. After intravenous
reased upon addition of unlabeled polysaccha
hereas dextran and mannan were unaffected, ind

ng that arabinogalactan and pullulan uptake is spe
nd dextran and mannan is non-specific. Uptake o
inogalactan and pullulan, as well as binding of th
ould specifically occur by a saturable mechanism

iver parenchymal cells. It was also noted that poly
haride uptake was larger than the respective bin
his suggests that the mechanism of uptake is tem
ture sensitive.

As arabinogalactan and pullulan displayed spe
inding and uptake, we wished to further examine
echanism for receptor-mediated endocytosis (RM
rabinogalactan is bound and internalized to hep
ytes in vitro (Tanaka et al., 2004) and is known to
istribute to the liver via the asialoglycoprotein
eptor (Groman et al., 1994; Kaneo et al., 2000).
he asialoglycoprotein receptor may also contribu



T. Tanaka et al. / International Journal of Pharmaceutics 286 (2004) 9–17 13

Fig. 1. Binding (A) and uptake (B) of arabinogalactan, pullulan,
dextran, and mannan to liver parenchymal cells. Each125I-labeled
polysaccharide (1�g/ml) was incubated with the cells for 120 min.
Incubation temperature of binding and uptake experiment were 0
and 37◦C, respectively. Open columns and closed columns represent
the control and the co-incubation of unlabeled ligand (1000�g/ml),
respectively. Each column and horizontal bar represents the mean
and standard deviation, respectively.* : There are static differences
comparing with the value of each control withp< 0.05.

pullulan distribution to the liver (Kaneo et al., 2001).
Fig. 2shows that arabinogalactan uptake to parenchy-
mal cells significantly decreased on addition of pul-
lulan or asialofetuin, just as uptake of pullulan de-
creases upon addition of arabinogalactan and asialofe-
tuin. These results suggest that arabinogalactan and
pullulan are absorbed into liver parenchymal cells via
the asialoglycoprotein receptor and hence could serve
as drug delivery agents to liver parenchymal cells via
the RME mechanism because asialofetuin, a asislogly-
coprotein and a ligand for the asialoglycoprotein recep-
tor, inhibits the uptake of arabinogalactan and pullullan.

It has previously been shown (Enriquez et al., 1995)
that use of an arabinogalactan conjugate (arabino-
galactan with adenine arabinoside 5′-monophosphate)

Fig. 2. Inhibition of uptake of arabinogalactan (A) and pullulan (B)
to liver parenchymal cells by another polysaccharide or asialofetuin.
Each125I-labeled polysaccharide (1�g/ml) was incubated with the
cells at 37◦C for 120 min as a control. Another polysaccharide or
asialofetuin at the concentration of 1000�g/ml was co-incubated.
Each column and horizontal bar represents the mean and standard
deviation, respectively.* : There are static differences comparing with
the value of each control withp< 0.05.

versus unmodified arabinogalactan does not re-
duce binding to the asialoglycoprotein receptor, and
that the conjugate maintained antiviral activity. As
our tyramine–arabinogalactan conjugate demonstrated
binding and internalization to liver parenchymal cells,
we make the same assumption that chemical modifica-
tion did not influence RME (in the conjugation range
1.0–2.1, w/w%).

A pullulan-diethylenetriaminepentaacetic acid con-
jugate has shown effectiveness as a carrier of hu-
man interferon-� and plasmid DNA to the liver
(Hosseinkhani et al., 2002; Suginoshita et al., 2002).
Intravenous injections of these conjugates succeeded in
specifically enhancing induction of an antiviral enzyme
and in localizing the DNA plasmid to the liver. Our re-
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Fig. 3. Effect of excess amount of unlabeled dextran to the bind-
ing and the uptake of125I-dextran by liver parenchymal cells.125I-
Labeled dextran (1�g/ml) was incubated with the cells at 0◦C (open
columns) and at 37◦C (closed columns) for 120 min. Each value
represents the mean± S.D. (n= 3). * : There are static differences
comparing with the value of each control withp< 0.05.

sults would indicate that these liver distributions occur
via the RME mechanism, as pulullan is distributed to
liver parenchymal cells, through specific binding to the
asialoglycoprotein receptor.

Dextran demonstrated binding and uptake to liver
parenchymal cells. At concentrations of 1 mg/ml and
10 mg/ml, addition of unlabeled dextran had no effect
on uptake (Figs. 1 and 3). At 1 mg/ml (Fig. 1) ad-
dition of unlabeled dextran had no effect on uptake,
however, at 10 mg/ml (Fig. 3) binding was inhibited.
Hence, binding of dextran to cells has an upper lim-
iting concentration, whereas uptake is independent of
concentration, implying that dextran adsorbs to the cell
surface and is then taken up via fluid phase endocyto-
sis which is independent of concentration.Nishikawa
et al. (1992)investigated the disposition characteris-
tics of dextran in mice and suggested the existence of a
special uptake mechanism. Their pharmacokinetic re-
sults for the injection of dextran with galactosylated
bovine serum albumin (Gal-BSA) suggested that dex-
tran is taken up by the same mechanism as Gal-BSA.
We examined the effect of arabinogalactan on bind-
ing and uptake of dextran in liver parenchymal cells
(Tanaka, unpublished data) and found that dextran up-
take is inhibited by the addition of arabinogalactan,
suggesting that RME via the asialoglycoprotein recep-
tor could contribute to the uptake of dextran by fluid
phase endocytosis. A kinetic analysis of dextran uptake
inhibition by asialofetuin would give more information

about the role of receptor-mediated endocytosis, and is
now in progress.

Dextran is a plasma expander and considered a pas-
sive, targeting drug carrier to tumors (Takakura and
Hashida, 1995), where extended time spent in systemic
circulation would result in increased delivery of drug
to the tumor. Arabinogalactan inhibition of dextran up-
take to liver parenchymal cells would help maintain a
blood concentration of dextran.

3.2. Intracellular disposition in liver
nonparenchymal cells

Fig. 4A shows polysaccharide binding to non-
parenchymal cells. There was no suppression of bind-

F dex-
t
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I 0 and
3 nt the
control and the co-incubation of unlabeled ligand (1000�g/ml), re-
spectively. Each column and horizontal bar represents the mean and
standard deviation, respectively.* : There are static differences com-
paring with the value of each control withp< 0.05.
ig. 4. Binding (A) and uptake (B) of arabinogalactan, pullulan,
ran, and mannan to liver nonparenchymal cells. Each125I-labeled
olysaccharide (1�g/ml) was incubated with the cells for 120 m

ncubation temperature of binding and uptake experiment were
7◦C, respectively. Open columns and closed columns represe
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ing upon addition of excess amounts of unlabeled
polysaccharide for arabinogalactan, pullulan and dex-
tran. Arabinogalactan binding to nonparenchymal cells
was approximately half that of the parenchymal cells,
while pullulan binding to nonparenchymal cells was
similar to that of parenchymal cells. Specific binding
of arabinogalactan and pullulan was observed in the
liver parenchymal cells, whereas non-specific was ob-
served for nonparenchymal cells. Total and nonspe-
cific binding of dextran to nonparenchymal cells was
2.6 and 2.7 times greater than to parenchymal cells,
respectively. Total and nonspecific binding of man-
nan to nonparenchymal cells were 11.8 and 4.6 times
greater than to parenchymal cells, respectively. Binding
of 125I-labeled mannan to liver nonparenchymal cells
significantly decreased on addition of excess unlabeled
mannan.

Fig. 4B shows polysaccharides uptake to non-
parenchymal cells. There were no differences between
the amount of binding and uptake for arabinogalac-
tan and pullulan. However, dextran and mannan uptake
was greater than binding. These suggest that an associa-
tion of dextran and mannan to rat liver nonparenchymal
cells would be depend on the temperature. The uptake
of mannan to the nonparenchymal cells decreased on
addition of excess unlabeled mannan. Binding and up-
take to nonparenchymal cells was largest for mannan of
the polysaccharides we investigated. Mannan also dis-
played stronger binding and uptake to nonparenchymal
than to parenchymal cells, suggesting that a specific
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Fig. 5. Fluorescence microphotographs of liver parenchymal cells
after incubation with FITC-labeled arabinogalactan (A) and pullulan
(B). The cells were incubated with FITC-labeled polysaccharide at
a concentration of 10�g/ml. After 240-min incubation at 37◦C, the
cells were washed with ice-cold Hanks’ medium containing 1.3 mM
CaCl2 and 10 mM HEPES (pH 7.4) and were used for the microscope
analysis.

cates that the hepatocytes internalized the FITC-labeled
arabinogalactan. We also ascertained that FITC-labeled
pullulan could be internalized into liver parenchymal
cells in vitro. This observation, along with the binding
and uptake results using125I-labeled pullulan, suggest
that pullulan binds and internalizes into liver parenchy-
mal cells via the asialoglycoprotein receptor.

FITC-labeled mannan interacted with liver non-
parenchymal cells as shown inFig. 6. This result, along
with the binding and uptake experiments, suggest that a
specific interaction between the liver nonparenchymal
cells and mannan exist, probably involving the man-
nose receptor.
nd saturable mechanism, mannose receptor-med
ndocytosis, would contribute to the association.
annan receptor distributes in liver nonparenchy

ells, however there are few information about an
racellular disposition, e.g. in Kupffer cells and/or
othelial cells. We are now studying the intracellu
isposition of mannan in reticuloendothelial cells.

.3. Internalization of FITC-labeled
olysaccharides to liver parenchymal and
onparenchymal cells

FITC-labeled polysaccharides were used to
estigate the internalization of polysaccharides
iver cells. After incubation of parenchymal cells w
ITC-labeled arabinogalactan or pullulan at 37◦C for
40 min, many fluorescent green granules were
erved (Fig. 5A and B). Presence of the granules in
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Fig. 6. Fluorescence microphotographs of liver nonparenchymal
cells after incubation with FITC-labeled mannan. The cells were in-
cubated with FITC-labeled mannan at a concentration of 10�g/ml.
After 240-min incubation at 37◦C, the cells were washed with ice-
cold Hanks’ medium containing 1.3 mM CaCl2 and 10 mM HEPES
(pH 7.4) and were used for the microscope analysis.

3.4. Relationship between the properties of
polysaccharides and their disposition

Physicochemical properties, such as molecular
weight and electric charge, as well as chemical confor-
mation can affect the disposition of polysaccharides;
although there are few reports on the relationships be-
tween them.Prescott et al. (1995)demonstrated that
an arabinogalactan fragment (with a three- to four-fold
lower molecular weight over the intact polysaccha-
ride) showed no loss in binding potency to the asialo-
glycoprotein receptor. The hepatocyte adsorption of a
cationic dextran–mitomycin C conjugate increased as
the molecular weight of the dextran chain increased,
while interactions between the anionic charged con-
jugate were negligible (Nakane et al., 1988). We re-
ported that the hepatic uptake clearance in rats of FITC-
labeled dextran decreased with increasing molecular
weight (Kaneo et al., 1997). The effects of molecu-
lar weight on disposition are unclear and difficult to
compare due to varying experimental conditions, e.g.
in vitro or in vivo; different chemical modifications;
varying analytical techniques. Chemical modifications
to attach labels are usually required, as accurate, quanti-
tative analysis of small quantities of naked polysaccha-
ride is difficult. In this study, we used four polysaccha-
rides which were labeled with a small amount of tyra-

mine (less than 2.1, w/w%). The modification would
not significantly affect the molecular weight or electric
charge of the parent molecules, hence their effects can
be discounted, as in the other studies described above.

In summary, sugars such as galactose, glucose, and
mannose, in polysaccharides are highly effective for
directing intracellular disposition. Furthermore, stere-
ochemical configuration resulting from branching and
hydroxyl group position, are key factors in intracellu-
lar disposition, as demonstrated with the differences
between pullulan and dextran.

4. Conclusion

Our cell culture experiments demonstrate a pro-
nounced difference in the intracellular disposition of
various polysaccharides, with respect to binding and
internalization to liver parenchymal and nonparenchy-
mal cells. Arabinogalactan and pullulan were specifi-
cally taken up to liver parenchymal cells via the asialo-
glycoprotein receptor. Dextran was internalized to the
cells by fluid phase endocytosis and the asialoglyco-
protein receptor affected dextran binding to parenchy-
mal cells. Conversely, mannan was specifically taken
up to liver nonparenchymal cells. Clearly, stereochem-
ical configuration, branching, hydroxyl group position,
the various sugar residues and their arrangement within
the polysaccharide structure all have a significant ef-
fect on their disposition properties. Defining the ef-
f po-
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