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As part of the strategy for the design of macromolecular carriers for drug targeting, the disposition
characteristics of macromolecules were studied in mice bearing tumors that served as target tissues.
Eight kinds of macromolecules including four polysaccharides and four proteins with different mo-
lecular weights and electric charges were used; tissue distribution and tumor localization after intra-
venous injection were studied. Pharmacokinetic analysis revealed that the tissue radioactivity uptake
rate index calculated in terms of clearance was different among the tested compounds; especially, the
urinary radioactivity excretion clearances and the total hepatic radioactivity uptake clearances varied
widely. Compounds with low molecular weights (approximately 10 kD) or positive charges showed
lower tumor radioactivity accumulation; radioactivity was rapidly eliminated from the plasma via rapid
urinary excretion or extensive hepatic uptake, respectively. On the other hand, large and negatively
charged compounds, carboxymethyl dextran, bovine serum albumin, and mouse immunoglobulin G,
showed higher radioactivity accumulation in the tumor (calculated total amounts were 15.6, 10.8, and
20.8% of the dose, respectively) and prolonged retention in the circulation. These results demonstrated
that the total systemic exposure rather than the uptake rate index was correlated with total tumor
uptake. Molecular weight and electric charge of the macromolecules significantly affected their dis-
position characteristics and, consequently, determined radioactivity accumulation in the tumor. It was
concluded that a drug—carrier complex designed for systemic tumor targeting should be polyanionic in
nature and larger than 70,000 in molecular weight.
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temic disposition; hepatic uptake; urinary excretion.

INTRODUCTION

Further progress in chemotherapy will depend on opti-
mization of drug delivery. Interest has recently focused on
the targeting of highly potent antitumor drugs and biologi-
cally active peptides which may have undesirable side ef-
fects detrimental to nontarget cells. Various drug carrier sys-
tems have been developed for site-specific delivery of these
drugs (1). Among them, conjugation of drugs to macromol-
ecules seems to be one of the most promising since macro-
molecules are highly diverse in their physicochemical prop-
erties and functions (2-4).

The rationale for this approach is that conjugation of a
drug with a macromolecule may alter its disposition proper-
ties depending on the properties of the carrier macromole-
cule. However, little systematic information about the dis-
position properties of macromolecules, including drug con-
jugates, has been reported.

In our series of investigations, several kinds of dextran
conjugates of an antitumor antibiotic, mitomycin C (MMC)
(5-17), and model peptide drugs such as soybean trypsin
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inhibior (STI, 20 kD) (18,19) and uricase (UC; 120 kD) (20)
were synthesized, and their physicochemical, pharmacody-
namic, and pharmacokinetic characteristics were systemat-
ically examined. These studies revealed that the disposition
properties of drugs can be controlled by the selection of the
physicochemical characteristics of the carrier, such as mo-
lecular weight and electric charge.

In the present study, dextrans and proteins (Table I)
were selected as model macromolecules and also as candi-
dates for drug carriers, and their disposition properties were
studied in mice bearing tumors that served as target tissues.
The purpose of this study was to clarify the general relation-
ship between the physicochemical characteristics and in vivo
behavior of selected macromolecules and to construct the
strategy for the design of drug-macromolecular conjugates.

MATERIALS AND METHODS

Chemicals

Dextrans with average molecular weights of about 10
kD (T-10) and 70 kD (T-70) were purchased from Pharmacia,
Uppsala, Sweden. Bovine serum albumin (BSA; Fraction V)
was obtained from Armour Pharmaceutical Co., U.K. Apo-
protein of neocarzinostain (apoNCS) and mouse immuno-
globulin G (IgG) (monoclonal antibody A7 against human
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Table I. Physicochemical Characteristics of Model Macromolecules

MW Electric Type of
Compound® (original) charge labeling
Dextran(T-10) 9,900 Neutral 4¢
Dextran(T-70) 64,400 Neutral 14C
DEAED(T-70) 64,400 Positive 14¢
CMD(T-70) 64,400 Negative e
apoNCS 10,700 Negative Hifp
BSA 66,000 Negative My
cBSA 66,000 Positive iy
IgG 150,000 Negative i

% DEAED, diethylaminoethyldextran; CMD, carboxymethyldex-
tran; apoNCS, apoprotein of neocarzinostatin; BSA, bovine se-
rum albumin; ¢cBSA, cationized BSA; IgG, mouse immunoglobu-
lin G.

colon carcinoma cells) were gifts from POLA Cosmetics,
Tokyo, and from Dr. Takahashi, Kyoto Prefectural Univer-
sity of Medicine, Kyoto, Japan, respectively. Potassium
[*“C)cyanide (798.18 pCi) and indium chloride ([*''In]Cl;)
were supplied by Amersham Japan, Tokyo, and Nihon Me-
diphysics, Takarazuka, Japan, respectively. All other chem-
icals were obtained commercially as reagent-grade products.

Preparation of Charged Model Macromolecules

Diethylaminoethyl-dextran [DEAED (T-70), Fig. 1] was
synthesized by a published method (21). Dextran(T-70) (1 g)
was dissolved in 2.17 M NaOH solution (15 ml) and (dieth-
ylamino)ethyl chloride hydrochloride (2 g) was slowly
added. The mixture was kept at 80°C for 4 hr with constant
stirring. To synthesize carboxymethl-dextran [CMD(T-70),
Fig. 1] (22), dextran(T-70) (1 g) was dissolved in 6 M NaOH
solution (8.3 ml) and monochloracetic acid (2 g) was slowly
added. The mixture was maintained at 70°C for 20 min with
stirring. The product was dialyzed extensively against dis-
tilled water and then concentrated by ultrafiltration. Radio-
labeled DEAED and CMD were synthesized as described
above using “C-labeled dextran(T-70). The final products
were chromatographed on a Toyoperal HW-60S (TOYO, To-
kyo) column (2.4 X 65 cm) and confirmed to be almost iden-
tical to the original dextran(T-70) in molecular size. The mo-
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lecular charges were checked by a batch method using a
CM-Sephadex cation exchanger and a DEAE-Sephadex A-
50 anion exchanger (Pharmacia, Uppsala, Sweden) as de-
scribed previously (13). Cationized BSA (cBSA, Fig. 1) was
synthesized according to the method of Pardridge et al.
(23,24). Five milliliters of a 10% solution of BSA in distilled
water was slowly added to 30 ml of 2 M hexamethylenedi-
amine at pH 6.5 After 30 min and 1 hr, 0.5 g of 1-
ethyl(3-dimethylaminopropyl) carbodiimide hydrochloride
was added and the pH of the solution was kept at 6.5 by
addition of a 1 N HCl solution. The reaction was allowed to
proceed overnight with stirring and then dialyzed exten-
sively against distilled water. The protein ws purified by
chromatofocusing using the polybuffer exchanger 94 resin
and the polybuffer 96 elution buffer (Pharmacia, Uppsala,
Sweden). The major protein peak eluted in the void volume,
indicating that the pl was more than 9.0, and was collected
and concentrated by ultrafiltration. A Toyopearl HW-60S
column was employed for molecular size estimation, and
¢BSA and BSA had nearly identical molecular sizes. The
cationic nature of cBSA was confirmed by its adsorption on
a CM-Sephadex C-50 anion exchanger.

Radiolabeling of Dextrans

[Carboxyl-'*Cldextran(T-10) and [carboxyl-'*Cldex-
tran (T-70) were prepared according to the method of Isbell et
al. (25) with slight modifications. Briefly, 0.05 mmol of dex-
tran(T-10), sodium bicarbonate, and sodium hydroxide was
dissolved in 5 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. In the case of dextran(T-70), 0.02
mmol of dextran and other reagents was dissolved in 10 ml of
distilled water. The mixture was thawed and stored at 45°C
for 24 hr, then heated for 7 hr at 50°C in a stream of air to
effect hydrolysis. The product was purified by gel filtration
using a Sephadex G-25 (Pharmacia, Uppsala, Sweden) col-
umn and concentrated by ultrafiltration. The specific activ-
ities of dextran(T-10) and dextran(T-70) were approximately
2.2 and 0.3 p.Ci/mg, respectively.

Radiolabeling of Proteins.

Proteins were labeled with !''In using the bifunctional
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Fig. 1. Chemical structure of model macromolecules. (A) Diethylaminoethyldextran (DEAED); (B) carboxymethyldextran
(CMD); (C) cationized bovine serum albumin (¢cBSA).
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chelating agent diethylentriaminopentaacetic acid (DPTA)
anhydride according to the method of Hnatowich et al. (26).
The protein (10 mg) was dissolved in 1 ml of 0.1 M
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(HEPES) buffer (pH 7.0) and equimolar DPTA anhydride
(Dojindo Laboratories, Kumamoto, Japan) in 10 pl of
DMSO was added. The mixture was stirred for 30 min at
room temperature and purified by gel filtration with Sepha-
dex G-25 to remove the free DTPA. The protein was con-
centrated by ultrafiltration. Forty microliters of '''InCl; so-
lution (80 wCi) was added to 40 pl of 1 M sodium acetate
buffer (pH 6.0), and then 80 pl of DTPA-coupled protein
solution was added to the mixture. At 30 min after addition,
the mixture was purified by gel filtration (Sephadex G-25)
using normal saline as an eluent, and the protein fractions
were collected and concentrated by ultrafiltration. The spe-
cific activities of proteins were approximately 0.2 mCi/mg.

Animals and Tumors

Male ddY mice (22-25 g) were obtained from the Shi-
zuoka Agricultural Co-operative Association for Laboratory
Animals, Shizuoka, Japan. Sarcoma 180 (S180) was main-
tained in ddY mice by weekly intraperitoneal transfer of 10®
cells obtained from ascitic fluid.

Procedure for the Animal Experiment

S180 cells (107) suspended in 0.1 ml of Hanks’ balanced
salt solution were inoculated in the dorsal subcutaneous tis-
sue of ddY mice. Twelve days after inoculation, tumor-
bearing mice (28-32 g; tumor weight, 0.5-1.2 g) received a
100-mg/kg (3-nCi/kg) dose of radiolabeled test macromole-
cules (appropriately diluted with unlabeled test material) in
saline by tail vein injection and were then housed in meta-
bolic cages for urine collection. Blood was collected from
the vena cava completely and the mice were killed at 0.17, 1,
8, and 24 hr postdose. In addition, the heart, lung, liver,
spleen, kidney, intestine, muscle, iliac lymph nodes (three or
four nodes), and tumor were excised, rinsed with saline,
weighed, and subjected to assay. Four mice were sacrificed
at each sampling time.

Analytical Methods

The procedure for quantitation of '*C radioactivity was
a modification of the method of Mahin and Loftberg (27).
Minced and weighed tissues and untreated plasma and urine
(less than 0.2 g) were put into a counting vial, and 0.2 ml of
perchloric acid (60%) and hydrogen peroxide (35%) was
added. The resulting mixture was heated at 70°C for 90 min
with agitation. After cooling to room temperature, 10 ml of
scintillation medium (Clear-sol 1, Nacalai Tesque, Kyoto,
Japan) was added and the radioactivity was determined in a
liquid scintillation system (LSC-900, Aloka Co, Tokyo). The
1y radioactivities were counted untreated in a well-type
Nal-scintillation counter (ARC-500, Aloka Co, Tokyo). The
plasma volume of each organ was determined from the *C-
CMD data at 1 hr after injection and used to correct for the
contamination of each organ with plasma.
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Data Analysis

The tissue distribution data were evaluated using a tis-
sue uptake rate index calculated in terms of clearance as
reported previously (14). The change in the amount of radio-
activity in a tissue with time can be described as follows:

dT(t)ldt = Cl, X C(t) — Koy X T(1) )

where T(t) (% of dose/g) is the amount of radioactivityin 1 g
of the tissue, C(t) (% of dose/ml) is the plasma concentration
of radioactivity, Cl,, (ml/hr/g) is the tissue uptake rate index
(clearance) from the plasma to the tissue, and K, (1/hr) is
the efflux rate constant from the tissue. In the present study,
the efflux processes of the radioactivity, such as its return to
plasma from the tissue, may be negligible during the time
studied, since the radioactivity derived from the macromol-
ecule may be retained in the tissue for a considerably long
period (28-30). Ignoring efflux, Eq. (1) integrates to

Cln = T(ty)/ JO’ C(dt = T(t)/AUC,.., @)

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,, = Clj, x W 3)

where W (g) is the total weight of the organ. Urinary clear-
ance (CL,,.) was calculated by Eq. (2) using the accumu-
lated amount excreted in urine. In addition, the total-body
clearance (CL,,,) equals the sum of each organ clearance
and the following equation should hold:

CL,,.. = dose/AUC
= CLurine + CLliver + CLkidney
+ -+ CLtumor (4)

Furthermore, the total tumor accumulation at infinite time
was calculated to compare the amount of tumor radioactivity
uptake among compounds according to the following equa-
tion, assuming the tumor weight to be 1 g:

total tumor accumulation (% of dose) =
(Clyymor X 1YCL,pa X 100 (5)

RESULTS

Tissue Distribution and Urinary Excretion of Dextrans

After iv injection of *C-dextran(T10) to S180-bearing
mice, an extremely rapid elimination of radioactivity in the
plasma was observed; approximately 84% of the radioactiv-
ity dose was excreted in the urine within 8 hr (data not
shown). Radioactivity concentrations in all tissues were very
low. *C-Dextrans of 70,000 molecular weight showed rela-
tively slower elimination of radioactivity from the plasma.
The tissue distribution and urinary excretion of radioactivity
were dependent on the dextran’s electric charge. Figure 2
shows the tissue distributions of '*C-DEAED(T-70) and *C-
CMD(T-70) after iv injection. Radioactivity derived from
1“C-DEAED(T-70) was rapidly cleared from the plasma, and
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Fig. 2. Tissue distribution of radioactivity for *C-DEAED(T-70) (A, positive charge) and H¥C.CMD(T-70) (B, negative
charge) after iv injection in S180-bearing mice. Results are expressed as the mean * SD of four mice.

a significant accumulation of radioactivity was observed in
the liver and lymph node. A small amount of radioactivity
was observed in the tumor. In contrast, after anionic '*C-
CMD(T-70) administration, radioactivity was retained in the
plasma much longer, and liver radioactivity was lower.
Somewhat increased accumulation of radioactivity was ob-
served in the tumor at 24 hr. Neutral *C-dextran(T-70) was
intermediate in its distribution profile (data not shown). Uri-
nary recovery of radioactivity over 24 hr after injection was
33.5, 54.2, and 45.4% for '*C-dextran(T-70), '*C-
DEAED(T-70), and *C-CMD(T-70), respectively.

Tissue Distribution and Urinary Excretion of Proteins

The plasma elimination of radioactivity after iv admin-
istration of '''In-apoNCS was very rapid; approximately
74% of the radioactivity dose was recovered in urine within
2 hr after iv injection (data not shown). No significant accu-
mulation was observed in any tissue. Figure 3 shows the
tissue distributions of '"'In-cBSA and '''In-BSA after iv in-
jection. Radioactivity was principally retained in the plasma
for a long time after anionic '''In-BSA administration. Most
of the organs sampled accumulated significant amount of
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Fig. 3. Tissue distribution of radioactivity for '*'In-cBSA (A, positive charge) and '''In-BSA (B, negative charge) after iv
injection in S180-bearing mice. Results are expressed as the mean + SD of four mice.
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radioactivity. In contrast, cationic !'In-cBSA was rapidly
cleared from the plasma and remarkable accumulations of
radioactivity were observed in the liver, kidney, and lymph
node; tumor levels remained low. The urinary excretion of
radioactivity after "' In-BSA and !'In-cBSA administration
were 4.7 and 6.1% within 24 hr after injection, respectively,
M7n.IgG exhibited a distribution pattern similar to that ob-
served for *!'In-BSA; urinary recovery of radioactivity over
24 hr was only 1.6% of the dose (data not shown).

Pharmacokinetic Analysis

Table II summarizes the AUCs, total-body and urinary
clearances, and tissue uptake rate indices for representative
organs after administration of each model macromolecule.
Pharmacokinetic analysis revealed that there were differ-
ences in the tissue uptake rate index among model com-
pounds; compounds with low molecular weights showed the
highest values; positively charged macromolecules also
showed relatively high values. These differences were par-
ticularly pronounced for the liver and kidney. The urinary
excretion clearances also varied to a great extent. Com-
pounds with low molecular weight such as dextran(T-10) and
apoNCS, had extremely large urinary clearances. Cationic
DEAED and ¢BSA showed large tissue uptake rate indices
in the liver, spleen, and kidney. To compare disposition
characterisitcs among the radiolabeled compounds, the ab-
solute value of total-body clearance and the contribution of
organ clearances to it are shown in Fig. 4. It is obvious that
the large total-body radioactivity clearances associated with
the small compounds depended mainly on their large urinary
clearances. For the larger molecules, negatively charged
macromolecules appeared to have small total-body radioac-
tivity clearances, while positively charged molecules were
associated with large values. Neutral dextran was interme-
diate.

Total Tumor Accumulation

Figure 5 shows the calculated total tumor accumulation
of radioactivity for the test compounds at infinite time after
injection into S180-bearing mice. Small values were obtained
for small, positively charged or neutral macromolecules.
Compounds with negative charges showed a greater total
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tumor accumulation of radioactivity, i.e., 15.6% for CMD(T-
70), 10.8% for BSA, and 20.8% for IgG.

DISCUSSION

To achieve effective drug targeting, it is necessary to
control not only uptake by the target tissue but also the
general disposition characteristics of the targeted com-
pound. In the present study, the disposition characteristics
of radiolabeled model macromolecular compounds were
studied in S180-bearing mice to construct a strategy for tar-
geting with drug-macromolecule conjugates.

It is important to select an appropriate method of radi-
olabeling of macromolecular compounds for accurate esti-
mation of their in vivo disposition. In the present study,
dextrans and proteins were labeled with *C and '!In, re-
spectively (Table I). The net tissue uptake could be esti-
mated since the radioactivity in the macromolecule would be
retained for a long period in the tissue after distribution.
Dextran is known to be unsusceptible to metabolic degrada-
tion and histochemical studies demonstrated that dextran
accumulated in some tissues of mice for several days after iv
injection (28). '*C-Labeled dextran was also shown to be
resistant to degradation in the liver of mice (29). Radioiodi-
nation is the most common method for protein labeling, but
radioactivity may return to the blood circulation if the la-
beled protein was degraded in the organ. !''In labeling was
deemed preferable for the disposition study because '!In is
reported to be accumulated in the organ by exchange into an
iron-binding protein (30) after intracellular degradation.

The liver appeared to be the most important organ for
the systemic disposition of cationic and neutral macromole-
cules. Liver uptake rate indices of anionic compounds were
small (Table II), and these values were similar to those re-
ported for polyvinylpyrrolidon, which is reportedly taken up
by the liver by fluid-phase endocytosis (31). IgG and BSA
are serum-derived proteins and factors other than physico-
chemical properties might affect their liver uptake. How-
ever, an anionic nature seems to play an important role in
slow uptake of macromolecules since CMD(T-70) had a
small liver uptake rate index similar to those observed for
serum proteins. Cationic macromolecules were taken up rap-
idly by the liver (Table II) and the importance of this process
in their total disposition was shown (Fig. 4). In contrast to

Table II. AUCs, Clearances, and Tissue Uptake Rates for Radioactive Model Macromolecules in S180-Bearing Mice

Clearance (pl/hr)

Tissue uptake rate index (pl/hr/g)

AUC
Compound (% of dose - hr/ml) CL ota CLytine Liver Spleen Kidney Muscle Tumor
14C_Dextran(T-10),
neutral 6.6 15,200 12,800 191 26.6 210 65.4 236
“C_Dextran(T-70),
neutral 146 685 257 190 20.5 7.7 2.5 23.9
4C.DEAED(T-70), + 51.1 1,960 1,060 291 333 59.3 6.7 59.1
¥C.CMD(T-70), — 1010 99.1 66.1 9.0 3.0 0.6 1.1 15.5
11n-apoNCS (10) ~ 3.8 26,200 20,000 27.0 19.7 1,050 26.6 132
Hin-BSA (60) — 764 131 8.5 18.5 15.6 21.2 1.8 14.2
Mijn.cBSA (60) + 48.2 2,080 166 1,000 233 1,970 5.4 26.9
Myn.IgG (150) — 1620 61.6 24 17.4 5.4 4.6 1.2 12.8
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Fig. 4. Contribution of organ clearances to total-body clearance of radioactivity after iv administration
of radiolabeled macromolecules in S180-bearing mice.

most other organs in which the capillary presents a substan-
tial barrier between the vascular and the interstitial spaces,
the liver has dicontinuous endothelial capillaries and this
structure brings circulating substances in plasma into free
contact with the surface of hepatocytes. This anatomy char-
acter explains the electrostatic interaction of cationic mac-
romolecules with the negative charges of the liver cell sur-
faces, as reported for cationic MMCDs (16,17). The uptake
by the spleen could also be explained by the same mecha-
nism.

Remarkable radioactivity accumulation was observed in
the lymph nodes after iv administration of all macromole-
cules tested except BSA. The mechanism remains obscure,
but macromolecules might be useful as drug carriers to pre-
vent lymph node metastasis of tumors by systemic or local
injection (9).

Urinary excretion appeared to be the predominant elim-
ination route for radioactivity associated with some of the
macromolecules. It is well known that the glomerular capil-
lary wall functions as a barrier based on discrimination of
molecular size and electric charge (32). Neutral dextrans wth
molecular radii less than 20 A are reported to cross the glom-

25

20

Total tumor accumulation (% of dose)

Dextran Dextran DEAED CMD apoNCS B8SA  c¢BSA IgG
(T-10) (T-70) (T-70) (T-70) (10) (60) (60) (150)
neutral neutral + - . - + -

Fig. 5. Total tumor accumulation of radioactivity for macromole-
cules at infinite time after iv injection in S180-bearing mice.

erulus without measurable restriction (33). It is also reported
that negatively charged dextran sulfate is restricted to a great
extent, while positively charged DEAED showed enhanced
ability to cross the glomerular wall compared with neutral
dextrans of similar size (33).

The effect of molecular size on urinary excretion was
obvious; compounds with low molecular weights showed ex-
tremely large urinary excretion clearances, comparable to
the glomerular filtration rate in mice (34). Urinary excretion
of these compounds was shown to be the main factor in their
disposition (Fig. 4). Furthermore, the difference in the renal
disposition characteristics between the globular protein
BSAs and linear polysaccharide dextrans was also shown.
BSAs had smaller urinary clearances but larger kidney up-
take rate indices than comarable dextrans. Dextrans seemed
to more easily pass through the glomerular capillary wall.
The interaction of cBSA with the glomerular wall (35) and its
reabsorption in the renal proximal tubule (36) have been re-
ported; these might explain the observed radioactivity accu-
mulation in the kidney.

In the present study, a tumor was considered as a target
tissue since antitumor agents have often been chosen as the
object of macromolecular conjugation (2—4). Generally, tu-
mor tissues are characterized by enhanced vascular perme-
ability and the lack of a lymphatic system (37). These char-
acteristics may explain why some macromolecules are re-
ported to be accumulated in the tumor tissue after iv
injection (38,39). Administration of all of the maromolecules
led to accumulation of radioactivity in tumor tissue. Com-
pounds with a low molecular weight or a positive charge
showed relatively larger tumor uptake rates. Great differ-
ences were also observed in the total uptake (Fig. 5). These
results demonstrated that the tumor uptake rate did not re-
late to the tumor uptake amount.

IgG associated radioactivity accumulated in the tumor
to the greatest extent among the compounds tested. Thus,
IgG was suggested to be a suitable carrier for passive tumor
targeting; it is a negatively charged macromolecule, has a
large molecular weight, and persists for long periods of time
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in the circulation. In the case of target-specific IgG, effective
active targeting would be expected.

It has been reported that a polymeric prodrug of MMC
with a negative charge, MMCDan(T-70), exhibited superior
tumor uptake and antitumor activity against S180 (14). In
contrast, cationic MMCDcat failed to accumulate in the tu-
mor, probably due to its rapid hepatic uptake and urinary
excretion. Figure 6 summarizes the hepatic and urinary
clearances of the eight model macromolecular compounds
and the MMCDs. It appeared that a general relationship ex-
ists between the physicochemical and the disposition char-
acteristics of macromolecules. Small molecules were char-
acterized by large urinary clearances possibly regardless of
molecular charge. Although small positively charged mole-
cules were not tested in this study, they would have similar
high urinary clearances as conjectured from the results for
MMCDcat(T-10) in rats (8,14). For larger molecules with
molecular weights greater than approximately 70,000 molec-
ular charge seemed to be important. Anionic compounds had
small hepatic and urinary clearances. on the other hand,
positively charged molecules showed much higher values in
both clearances. Extrapolating from the data for MMCD-
cat(T-500) (8,14) and cationized IgG (40), similar high he-
patic clearances but lower urinary clearances would be ex-
pected for larger compounds with positive charge. Neutral
dextran showed the intermediate clearance values; this
might be the case for similar or larger macromolecules.

cBSA was reported to be a useful carrier for the target-
ing of a peptide drug to the brain in vitro (23,24) and in vivo
after intracarotid injection (23). However, cBSA showed a
very low comprehensive availability to the tumor (Fig. 5). In
addition, minimal radioactivity was detected in the brain af-
ter iv injection in this study (data not shown).
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Fig. 6. Hepatic and urinary clearances of macromolecules in S180-
bearing mice. Values for MMCDs were adopted from published data
(14). Hepatic plasma flow rate (41), rate of fluid-phase endocytosis
of liver (31), and glomerular filtration rate (34) were calculated as-
suming the weight of a mouse to be 25 g.
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The present study revealed that tumor targeting could
be achieved even with a target-nonspecific macromolecular
carrier when appropriate physicochemical properties were
selected. It was concluded that an anionic macromolecule
with a high molecular weight would be advantageous as a
carrier for passive targeting to the tumor.
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