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Synthesis and Pharmacokinetics of a New Liver-Specific
Carrier, Glycosylated Carboxymethyl-Dextran, and Its
Application to Drug Targeting
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To develop a new carrier system for hepatic targeting, carboxymethyl-dextran (CMD) was modified
with galactose and mannose residues (Gal-CMD, Man-CMD), and their disposition characteristics
were studied in mice using *C-labeled dextran. At a dose of 1 mg/kg, i.v.-injected Gal-CMD and
Man-CMD rapidly accumulated in the liver parenchymal and nonparenchymal cells, respectively,
because of their preferential uptake via carbohydrate receptors in these cells. Pharmacokinetic anal-
ysis revealed that their uptake rates were sufficiently large for selective drug targeting. Targeting of
cytosine B-D-arabinoside (araC) was studied using Gal-CMD as a specific carrier to the hepatocytes.
From the conjugate of araC with Gal-CMD, araC was released with a haif-life of 36 hr in phosphate
buffer (pH 7.4) and 23 hr in plasma. An in vivo biodistribution study demonstrated a disposition profile
of the conjugated araC similar to that of the carrier, and selective delivery to hepatocytes of up to 80%
of the dose was achieved. These findings suggest that glycosylated CMDs are carriers with a high
affinity to liver parenchymal or nonparenchymal cells without any affinity to other tissues.

KEY WORDS: drug targeting; sugar recognition; glycosylated dextran; pharmacokinetics; cytosine

B-p-arabinoside.

INTRODUCTION

Carbohydrate receptors in the liver, i.e., asialoglycopro-
tein receptor in hepatocytes and mannose receptor in
Kupffer and liver endothelial cells (1,2), have enabled the
selective drug targeting to this organ (3-35). Several trials of
drug targeting utilizing macromolecular carriers with sugar
moieties such as asialoglycoproteins (6) or chemically gly-
cosylated proteins (7,8), poly(amino acids) (9), and synthetic
polymers (10) have been carried out. Recently, we analyzed
the in vivo disposition of glycosylated bovine serum albu-
mins (BSA) by a physiological pharmacokinetic model and
clarified the possibility and the limitation of these glycosy-
lated carriers in drug targeting (11). Application of these
findings to proteinous drug led to the development of gly-
cosylated superoxide dismutase (12).

The use of asialoglycoproteins or chemically glycosy-
lated proteins as drug carriers may have some disadvan-
tages, e.g., difficulty in drug conjugation, immunogenicity,
and undesirable specific tissue interaction of the carrier pro-
teins (13). Therefore, development of an alternative carrier
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backbone is strongly required. In this case, a liver-specific
carrier must be designed to have adequate physicochemical
properties to escape from any undesirable recognition by
other tissues in addition to the introduction of carbohydrate
residues as a homing device. In our series of investigations,
we have systematically examined the relationship among
physicochemical, pharmacodynamic, and pharmacokinetic
characteristics of model macromolecules and their drug con-
jugates (14—18). These studies revealed that macromolecules
with a relatively high molecular weight and anionic charge
were retained in the circulation for a long time (18) and thus
can serve as a favorable backbone for introducing a homing
device onto them.

In this study, we selected dextran as a carrier backbone
because of its high water solubility, abundance of hydroxyl
groups applicable for chemical modification, low immunoge-
nicity, and long experience in clinical use as a plasma ex-
pander (19). We modified dextran to the carboxymethylated
form (CMD) to minimize the interaction with body compo-
nents (20) and then coupled them with galactose or mannose
(Gal-CMD, Man-CMD). In addition, the potential of glyco-
sylated CMD in drug targeting was evaluated using cytosine
B-p-arabinoside (araC) as a model drug.

MATERIALS AND METHODS

Chemicals

Dextrans with average molecular weights of approxi-
mately 70 kD (T-70) and 10 kD (T-10) were purchased from
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Pharmacia, Uppsala, Sweden. Bovine serum albumin (BSA;
fraction V), B-pD-galactose, and a-D-mannose were obtained
from Nacalai Tesque, Kyoto, Japan. Collagenase (type I)
was obtained from Sigma, St. Louis, MO. [5->H]Cytosine
B-D-arabinoside and potassium [**C]cyanide were purchased
from Amersham Japan, Tokyo. Indium chioride ([''*In]Cl,)
was a gift from Japan Mediphysics, Tokyo. All other chem-
icals were reagent-grade products obtained commercially.

Radiolabeling of Dextran

[Carboxyl-'*C]dextran (T-70) was prepared as previ-
ously described (18). Briefly, 0.05 mmol of dextran (T-70),
sodium bicarbonate, and sodium hydroxide was dissolved in
S mL of distilled water and frozen in a glass tube. Then
potassium ['“C]cyanide (0.05 mmol) was added and the tube
was sealed in a flame. The mixture was thawed, stored at
45°C for 24 hr, and heated for 7 hr at 50°C in a stream of air
to effect hydrolysis. The product was purified by gel filtra-
tion using a Sephadex G-25 (Pharmacia, Uppsala, Sweden)
column and concentrated by ultrafiltration. The specific ac-
tivity of dextran (T-70) was 0.025 MBq/mg.

Preparation of Dextran Derivatives

Carboxymethyl-dextran (CMD) was synthesized as pre-
viously reported (18). Glycosylation of CMD was performed
as follows. Carboxymethyl-dextran (1 g) was dissolved in 30
mL of distilled water, and 1-ethyl 3-(3-dimethylaminopropyl)
carbodiimide (1 g) was slowly added to the solution at pH
5.0. Then ethylenediamine (100 pl) was added and the pH of
the solution was kept at 5.0 by the addition of a 1 N HCI
solution. The reaction was allowed to proceed overnight
with stirring and the solution was dialyzed against distilled
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water. Sugar residues were incorporated to amino groups of
ethylenediamine-coupled CMD by the method of Lee et al.
(21) using 2-imino-2-methoxyethyl 1-thiogalactoside or 1-thio-
mannoside, and galactosylated CMD (Gal-CMD) and man-
nosylated CMD (Man-CMD) were obtained (Fig. 1). Their
electric charges were checked by a batch method using a
CM-Sephadex C-50 cation exchanger and a DEAE-
Sephadex A-50 anion exchanger (Pharmacia, Uppsala, Swe-
den) as described previously (18). Numbers of sugar mole-
cules attached on dextran derivatives were determined by
the anthrone-sulfuric acid method. The change in numbers of
free amino groups was also determined using 2,4,6-
trinitrobenzene-sulfonic acid. The apparent average molec-
ular weights of all synthesized dextran derivatives were in
the area between 80 and 100 kD determined by gel chroma-
tography and no aggregates were observed. The size distri-
bution of dextran derivatives was not wider than the native
dextran used in this study (M,/M, = 1.97). Radiolabeled
dextran derivatives were synthesized using '*C-labeled dex-
tran (T-70). Glycosylated CMDs synthesized from dextran
(T-10) were used only in the hepatic uptake inhibition exper-
iment for glycosylated BSAs.

Attachment of araC to Dextran Derivatives

Coupling of araC to carboxyl groups of CMD (araC-
CMD) and Gal-CMD (araC-Gal-CMD) was performed
through the peptide bond with condensation (22). Isobuthyl-
chloroformate (105 pl) and triethylamine (100 pl) were added
to a suspension of CMD or Gal-CMD (100 mg) in dry DMF
(50 mL) at under —10°C and the mixture was stirred at this
temperature for 2 hr. araC was added to the suspension and
the reaction was allowed to proceed at room temperature for

i
i
A CH, B CH,
0 )
_ o ) OH
00CCH,0 — § - 0OCCHZO o
HO CH, HO CH,
o o
OH NH
{ H
) A GHOH b |
00CCH,-0 N—("¢ 1/ O\ §-CHzC-NH-CHCHz NH-COCHZ O o
HO CHa HO CHa
o OH o
OH
_ I< HO ik >
0OCCHZO ‘—)? -00CCH, O N—(¢
HO HO
C
CH,
0
{oH
-00cCH 0 N— ¢
CHZ%H HO CH;

OH HO NH
HO )

OH
S-CHyC-NH-CH,CH» NH-COCH»O )C.’

HO CH,
o

OH
- 00CCH,-0 /P
HO

Fig. 1. Representative chemical structures of dextran derivatives. (A) Carboxymethyl-
dextran (CMD); (B) galactosylated carboxymethyl-dextran (Gal-CMD); (C) mannosylated

carboxymethyl-dextran (Man-CMD).
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3 days. Then the reaction mixture was dialyzed against dis-
tilled water and concentrated by ultrafiltration. araC-Gal-
CMD was synthesized by two methods as shown in Fig. 2. In
method 1, araC was coupled to previously synthesized Gal-
CMD [araC-Gal-CMD (I)]. In method II, araC was coupled
to CMD and then galactose residues were attached to araC-
CMD [araC-Gal-CMD (II)]. The numbers of incorporated
araC molecules were determined by the UV absorption at
Amax 300 nm. For in vivo experiments, the conjugates were
synthesized with [*H]araC as described above.

Determination of Release Rate of araC from the Conjugates

The release rate of araC from conjugates was deter-
mined in 0.1 M phosphate buffer (pH 5.0, 7.0, 7.4, and 8.0)
at 37°C. Conjugates dissolved in buffer at different pH’s
were kept in a sealed cellulose tube and the tube was soaked
in the same buffer. The tube was incubated at 37°C and the
solution outside the tube was sampled to determine the
amount of araC released at \,,,,, 272 nm (e 9000). To deter-
mine the stability in plasma, 100 pL of the buffer solution
(pH 7.4) containing araC-CMD synthesized with [*H]araC
was added to 300 nL of mouse plasma and the solution was
incubated at 37°C. The amount of araC released was mea-
sured by gel filtration (Sephadex G-25).

In Vivo Distribution Experiment

Male ddY mice (25-28 g) were obtained from the Shi-
zuoka Agricultural Co-operative Association for Laboratory

!
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Animals, Shizuoka, Japan. Mice received a 1 mg/kg dose of
14C-labeled dextran derivatives or *H-labeled araC conju-
gates with dextran derivatives in saline by tail vein injection
and were housed in metabolic cages for urine collection. At
various periods after injection, blood was collected from the
vena cava under ether anesthesia and the mice were Kkilled.
The heart, lung, liver, spleen, kidney, intestine, muscle, and
iliac lymph nodes were excised, rinsed with saline, weighed,
and subjected to assay. Distribution of '*C-labeled dextran
derivatives and *H-labeled araC-dextran derivative conju-
gates in liver parenchymal (PC) and nonparenchymal cells
(NPC) was determined in different mice by fractioning PC
and NPC after collagenase perfusion. Cross-contamination
of PC and NPC was less than 2% determined by microscopy.

Simultaneous Administration of Glycosylated Dextran and
Albumin Derivatives

Glycosylated bovine serum albumins were synthesized
and radiolabeled with !''In using DTPA anhydride as re-
ported previously (11). '''In-labeled glycosylated albumin
was injected at a dose of 1 mg/kg with glycosylated dextran
with average molecular weights of about 10 kD at a dose of
20 mg/kg. In a similar manner, radiolabeled Man-CMD (70
kD) was coadministered with Man-BSA. At various periods
after injection, plasma and liver were sampled and subjected
to assay for radioactivities. Differences in radioactivity dis-
tribution were statistically evaluated by Student’s ¢ test.
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Fig. 2. Synthetic procedures of araC conjugates with carboxymethyl-dextran derivatives.
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Analytical Methods

The radioactivity of *C or *H in plasma, urine, and
tissues was measured using a liquid scintillation counter
(LSC-5000, Beckman, Tokyo) after dissolution with Soluene-
350 (Packard, Netherlands) and added with a scintillation
medium Clear-sol I (Nacalai Tesque, Tokyo). The '!!In ra-
dioactivity was counted in a well-type Nal-scintillation
counter (ARC-500, Aloka Co., Tokyo).

Data Analysis

The tissue distribution was evaluated using a tissue up-
take rate index calculated in terms of clearance as reported
previously (16). The change in the amount of radioactivity in
the tissue with time can be described as follows:

dT()ldt = CL,C(t) — K., T(1) 1)

where T(¢) (% of dose/g) is the amount of radioactivity in 1 g
of the tissue, C(f) (% of dose/mL) is the plasma concentra-
tion of radioactivity, Cl,,, (mL/hr/g) is the tissue uptake rate
index from the plasma to the tissue, and K, (1/hr) is the
efflux rate constant from the tissue. In the present study, the
efflux process is considered to be negligible during the time
studied (see Discussion). Ignoring efflux, Eq. (1) integrates
to

Cl, = T(t1) / fo" C(t)dt = T(t1)/AUCy_ 2)

According to Eq. (2), the tissue uptake rate index is calcu-
lated using the amount of radioactivity in the tissue at any
time and the area under the plasma concentration—time
curve (AUC) up to that time. Then the organ clearance
(CL,,) is expressed as follows:

CL

org

= Clinw (3)
where W (g) is the total weight of the organ. We have also
calculated total-body clearance (CL,,,,,) from AUC for an
infinite time (AUC,)) by the following equation:
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RESULTS

Tissue Distribution and Urinary Excretion of *C-Labeled
Dextran Derivatives

Figure 3 shows the plasma concentration- and liver ac-
cumulation—time curves of *C-labeled CMD, Gal-CMD,
and Man-CMD after intravenous injection in mice at a dose
of 1 mg/kg. The attachment of sugar moieties to CMD greatly
affected the disposition property of CMD. CMD showed
slower elimination from plasma and little accumulation in the
liver, while Gal-CMD and Man-CMD were rapidly elimi-
nated from the plasma and accumulated in the liver. The
amounts of dextran derivatives excreted in the urine before
complete removal from the blood also changed with glyco-
sylation from 32% of the dose (CMD) to 7.3% (Gal-CMD)
and 7.3% (Man-CMD). Man-CMD was also taken up by the
spleen but no significant accumulation of radioactivity was
observed in any other tissue for either Gal-CMD or Man-
CMD.

Pharmacokinetic Analysis of the Disposition Properties of
14C.Labeled Dextran Derivatives

Table I summarizes the total-body, hepatic, and urinary
clearances, AUC,, and tissue uptake rate index for repre-
sentative tissues calculated from the results shown in Fig. 3.
The total-body clearance of CMD was small, reflecting its
long retention in the circulation (Fig. 3). Gal-CMD and Man-
CMD showed high hepatic clearance values which occupied
a greater part of the total-body clearance. The uptake rate in
the liver of Gal-CMD was much higher than that of Man-
CMD.

Cellular Localization of *C-Labeled Dextran Derivatives in
the Liver

Figure 4 shows the amount of dextran derivatives accu-
mulated in 107 cells of PC and NPC at 30 min after injection,
and that of the glycosylated BSAs (11) is also shown for
comparison. Little CMD was recovered in the PC or NPC,
which reflects its small accumulation in the liver (Fig. 3).
Gal-CMD was preferentially taken up by the PC, while Man-
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Fig. 3. Plasma concentration— and liver accumulation—time curves of '*C-labeled CMD
(0), Gal-CMD (A), and Man-CMD (0J) after intravenous injection in mice at a dose of 1
mg/kg. Results are expressed as the mean + SD of four mice.
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Table I. AUC, Clearance, and Tissue Uptake Rate Index for **C-Labeled Dextran Derivatives After Intravenous Injection in Mice at a Dose

of 1 mg/kg”®
AUC Clearance (pL/hr) Tissue uptake rate index (pL/hr/g)
(% of dose
Compounds hr/mL) CL a1 CLjver CL tine Liver Spleen Kidney Muscle
CMD 195 512 147 185 139 59.1 26.6 3.7
Gal-CMD 5.6 17,800 15,100 1,310 12,200 13.2 547 56.8
Man-CMD 14.4 6,930 4,710 504 3,270 1,300 197 14.4

2 CLygvers CLyrine> and tissue uptake rate index are expressed as average values for 24 hr after intravenous injection for CMD and 2 hr for

Gal-CMD and Man-CMD.

CMD was accumulated in the NPC rather than PC. These
findings were in good agreement with those of the glycosy-
lated BSAs.

Competitive Inhibition of Hepatic Uptake Between
Glycosylated Dextran and Albumin Derivatives

Table II summarizes the plasma concentration and liver
accumulation of glycosylated macromolecules administered
with or without the competitors. The uptake of !!'In-labeled
Gal-BS A by the liver was significantly inhibited by the pres-
ence of Gal-CMD, while Man-CMD had no effect. The man-
nosylated macromolecules competed with each other for the
liver uptake and Man-BSA showed a higher inhibitory activ-
ity than Man-CMD.

Physicochemical Properties of araC Conjugates

Table III shows the physicochemical properties of araC
conjugates with the CMD derivatives. The net charges of
conjugates were revealed to be anionic. The numbers of
araC molecules attached to the CMD derivatives were al-
most identical in three conjugates and were 13—16 araC mol-
ecules per CMD. In araC-Gal-CMD (II), the numbers of ga-
lactose residues were determined to be approximately 140
molecules per CMD. However, the exact number of galac-
tose molecules in araC-Gal-CMD (I) could not be determined
by the present method.

araC was gradually released from araC-CMD (Fig. 5),

Gal-CMD
Man-CMD
CMD §
Gal-BSA g

Man-BSA

Iy

) 1

0 2 4 6 8 10
Amount recovered (% of dose/10 cells)
Fig. 4. Cellular localization of *C-labeled CMD derivatives after
intravenous injection in mice at a dose of 1 mg/kg. The distributions

of glycosylated BSAs (16) are also shown for comparison. Results
are expressed as the mean = SD of three mice.

with a half-life of 155 hr at pH 7.0, but the release rate
increased with the increase or decrease in buffer pH. araC
was also released from ara-C-Gal-CMD (I) with the same
rate (half-life = 37 hr) as araC-CMD at pH 7 4.

In Vivo Disposition Properties of [*H]araC and Its
Conjugates with CMD Derivatives

Figure 6 shows the plasma concentration— and liver ac-
cumulation—time curves of araC and its conjugates with
CMD derivatives after intravenous injection in mice. araC
administered in a free form rapidly disappeared from plasma
and was excreted into urine. However, araC conjugated to
CMD was retained in the blood circulation for a long time
and was scarcely accumulated in any tissues including the
liver. On the other hand, araC was delivered to the liver,
especially to the parenchymal cells, by conjugation to Gal-
CMD (data not shown). The rate of liver uptake was quite
different for the two kinds of conjugates, and araC-Gal-CMD
(IT) was taken up by the liver more rapidly than araC-Gal-
CMD (I). Table IV summarizes the results of pharmacoki-
netic analysis. araC had a large urinary clearance but this
was drastically decreased by the conjugation to CMD. He-
patic uptake clearance of araC-Gal-CMD (II) was about
seven times higher than that of araC-Gal-CMD (I) and rep-

Table II. Competitive Inhibition of Hepatic Uptake of !!'In-Labeled
Glycosylated Albumins and *C-Labeled Man-CMD by Other Types
of Glycosylated Macromolecule®

Plasma Liver

Compound concentration accumulation
(time) Inhibitor (% of dose/mL) (% of dose)

Gal-BSA None 0.88 = 0.27° 81.1 = 3.0

(5 min) Man-BSA 0.37 = 0.05 75229
Gal-CMD 357 = 4.30* 33.0 + 3.1*

Man-CMD 0.53 = 0.09 840+ 19

Man-BSA None 6.22 = 1.01 59.2 +2.4

(10 min) Gal-BSA 8.24 + 1.50 61.1 £29
Man-CMD 27.6 = 5.40* 43.4 + 2.7*

Man-CMD None 3.45 £ 0.54 64.5+49
(30 min) Man-BSA SL.1 x 3.20* 19.2 = 5.0*

“ Radiolabeled compound (1 mg/kg) was injected with inhibitor (10
mg/kg), and plasma concentration and liver accumulation of ra-
diolabeled compound were assayed at the time indicated in paren-
theses after injection.

% Results are expressed as the mean = SD of three mice.

* Statistically significant difference based on Student’s 7 test (P <
0.01) as compared with each control.
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Table III. Physicochemical Characteristics of araC Conjugates with
Dextran Derivatives

Adsorption
at pH 7.2 (%)

Sugar/Dex araC/Dex CM- DEAE-

Compounds (mol/mol) (mol/mol) Sephadex Sephadex
Dextran — —_ 0 0
CMD — — 0 98.4
araC-CMD — 15.8 0 72.9
araC-Gal-CMD (I) nd? 13.9 0 74.1
araC-Gal-CMD (II) 137 12.8 0 74.1

4 Not determined.

resented the largest part of the total-body clearance. How-
ever, uptake rates in other tissues and urinary clearances for
the two types of conjugates were similar.

DISCUSSION

Pharmacokinetic analysis was performed assuming that
the efflux of the compound from tissues was negligible and
uptake clearances were calculated by dividing the amount of
radioactivity in the tissue at a sampling time by AUC up to
that time. Dextran is known to resist metabolic degradation
(23) and '*C-labeled dextran was shown not to suffer degra-
dation in the mouse liver (24). Since a linear relationship was
observed between the amount of liver accumulation and the
AUC at all sampling times for '*C-labeled Gal-CMD and
Man-CMD (data not shown), the above assumption was con-
firmed to be valid. A similar result was observed also in
araC-Gal-CMD (IT) (data not shown). Therefore, the results
of the pharmacokinetic analysis showed the actual disposi-
tion properties of the tested compounds. In a previous in-
vestigation (11), we demonstrated that the hepatic uptake of
glycosylated BSAs is a nonlinear process and that the cal-
culated uptake clearance represented average values for
overall experimental period especially at high doses. How-
ever, since the dose of macromolecules was set to 1 mg/kg,
where uptake is not saturated, the obtained hepatic clear-
ance value can be considered a direct measure of uptake
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Fig. 5. In vitro release of araC from the conjugates with CMD de-
rivatives. Conjugates were incubated in 0.1 M phosphate buffer, pH
5.0 (O), pH 7.0 (A), pH 7.4 (O), and pH 8.0 (V). Open symbols
represent araC-CMD and filled symbols represent araC-Gal-CMD.
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rate. We compared hepatic uptake and urinary excretion
clearances of all tested compounds in Fig. 7 to characterize
quantitatively the targeting potential of the conjugates.

Dextran seems to be one of the most promising of the
macromolecules available as drug carriers (19). However, we
have revealed that unmodified dextran is taken up by the
liver parenchymal cells due to endocytosis, probably with
the asialoglycoprotein receptor (20), and this may disturb
specific targeting to the cells besides the hepatocytes. To
diminish this undesirable uptake of dextran and to empha-
size the efficacy of attached homing devices, we derivatized
dextran to a weakly anionized form (CMD). Although dex-
tran sulfate, a strongly anionic form of dextran, is known to
be taken up by the scavenger receptors (25), CMD was re-
tained in the circulation for a long period (Fig. 3), indicating
little interaction even with the liver sinusoidal cells having
the scavenger receptors. Therefore, we used CMD as a very
general carrier backbone and attached sugar moieties to
CMD to achieve selective delivery to the liver. However, in
clinical application, we should further consider the problem
of biodegradability (26).

In the present study, the rates and the extents of hepatic
uptake of these glycosylated CMDs at 1 mg/kg of dose were
shown to be satisfactorily high for selective hepatic target-
ing. However, hepatic uptake rates of these glycosylated
CMDs were somewhat lower than those of glycosylated
BSAs, which were almost equal to the hepatic plasma flow
rate at doses less than 1 mg/kg (11). The affinity of the gly-
cosylated macromolecules may be determined by the num-
ber of incorporated sugar moieties (27,28) as well as the
clustering and geometric organization of sugars. However,
the number of incorporated sugar moieties in the glycosy-
lated CMDs (approximately 140 sugar moieties per CMD)
was higher than that in the glycosylated BSAs (approxi-
mately 20 sugar moieties per BSA) and we cannot explain
the relationship between the number of sugars and the rate of
hepatic uptake from this point of view. The method of gly-
cosylation is also reported to be an important factor for tar-
geting since the attachment of the p-aminophenyl derivative
of sugar (29,30) increased the negative charge of the conju-
gates and resulted in uptake by scavenger receptors (31). In
Table I, hepatic clearance of Gal-CMD is higher than that of
Man-CMD, in accordance with the results of glycosylated
BSAs (11). Man-CMD also had a relatively high spleen clear-
ance, probably due to the uptake by macrophages, which
recognizes mannose-terminated proteins (32).

In this study, we selected araC as a model drug and tried
to deliver it to the liver parenchymal cells utilizing Gal-CMD
as a carrier. araC is an antitumor drug used against leukemia
(33). Because of its poor permeability to the cell membrane
and short half-life due to urinary excretion, the control of the
pharmacokinetic properties of araC attracts interest and sev-
eral studies have been done to enhance the therapeutic effi-
cacy of araC through conjugation to macromolecules (34).
We conjugated araC to CMD derivatives via an amide bond
(22). We measured the release of araC from the conjugates
by absorbance at 272 nm, which represents the free amino
group on araC. Therefore, it could be considered that only
intact araC, and not the form bound to sugars, was measured
by this analytical method. araC was released from the con-
Jugates by hydrolysis by first-order kinetics (Fig. 5), indicat-
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Fig. 6. Plasma concentration— and liver accumulation—time curves of *H-labeled araC and
its conjugates with CMD derivatives after intravenous injection in mice. Results are ex-
pressed as the mean * SD of four mice. (A) araC; (O) araC-CMD; (0J) araC-Gal-CMD (I);

(A araC-Gal-CMD (II).

ing that these conjugates act as macromolecular prodrugs of
araC. The release half-life in 0.1 M phosphate buffer (pH 7.4)
was about 36 hr and the addition of plasma somewhat en-
hanced the release (half-life = 23 hr). In the present case,
the release of araC in plasma might have little effect on the
disposition of the araC conjugates since the pharmacokinetic
parameters of the conjugates were similar to those of the
carriers (Fig. 7). This long half-life of release might result in
little efflux of araC from the liver during the experimental
period. In order to realize the selective release only in the
cells, araC should be bound to macromolecules via an acid-
liable or enzymatically cleavable spacer (35,36). The other
factor which decreases the efficacy of araC is the rapid me-
tabolism to uracyl B-p-arabinoside (aral) by cytidine deam-
inase (37), but this should be diminished in the present case
since the amino group in araC, an attaching site of deami-
nase, is blocked by the conjugation. Thus, araC is consid-
ered to be stable as long as it is attached to dextran deriva-
tives. In the in vivo distribution study, however, araC was
determined by the radioactivities and no information on me-
tabolism of araC was obtained.

The in vivo behavior of araC was revealed to be destined
by the behavior of the carrier macromolecule (Fig. 7) and
targeting of araC to the liver was successfully achieved by
conjugation to Gal-CMD. However, araC-Gal-CMD (I) syn-
thesized by attaching araC to Gal-CMD showed slower up-

take than Gal-CMD or araC-Gal-CMD (II). The physico-
chemical characteristics of the two conjugates which affect
the in vivo disposition profiles are similar except for the
number of galactose residues (Table III). This suggests that
several numbers of the attached galactose residues are
detached or denatured during the introduction of araC in
araC-Gal-CMD (I), although the final number of available
galactose residues could not be directly estimated. Thus the
synthetic procedure may ordain the final achievement of
drug—carrier conjugate. On the other hand, some drugs are
reported to increase the nonspecific interaction with tissues
when attached to the carrier backbone (38), but this is not
the case in this study.

The changes in numbers of asialoglycoprotein receptors
in the liver in a disease state such as cancer are now con-
troversial (39—41). Regardless of this point, the conjugates
are expected to exhibit therapeutic activity against, for ex-
ample, hepatoma cells with some receptors disseminating in
the ascitic fluid. We confirmed the receptor-mediated uptake
of araC-Gal-CMD (II) in MH134 hepatoma cells (unpub-
lished data).

In this study, we targeted araC to the liver parenchymal
cells in three steps, i.e., (1) utilized dextran as a carrier
backbone, (2) diminished the nonspecific interaction with
tissues by introducing an anionic charge, and (3) utilized a
galactose residue as a hepatotropic homing device. This ap-

Table IV. AUC, Clearance, and Tissue Uptake Rate Index for *H-Labeled araC and Its Conjugates with CMD Derivatives After Intravenous
Injection in Mice”

AUC Clearance (uL/hr) Tissue uptake rate index (uL/hr/g)
(% dose
Compounds hr/mL) CL o CLjver CL rine Liver Spleen Kidney Muscle
araC 3.1 28,900 357 23,900 240 503 398 161
araC-CMD 167 596 156 151 130 26.2 22.9 2.0
araC-Gal-CMD (1) 25.5 3,170 2,010 1,150 1,610 177 138 9.5
araC-Gal-CMD (1I) 6.6 15,300 13,800 1,310 9,170 83.8 313 101

4 Clygvers CLyrine, and tissue uptake rate index are expressed as average values for 8 hr after intravenous injection for araC-CMD and 2 hr

for araC, araC-Gal-CMD (I), and araC-Gal-CMD (II).
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proach is also applicable to the targeting to the nonparen-
chymal cells and thus will open a way to therapeutic strate-
gies against various hepatic diseases.
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