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ABSTRACT

Disposition characteristics of the macromolecular prodrug of mito
mycin C (MM< '), mitomycin C-dextran conjugate (MMC-D), in normal

and tumor (VX2 carcinoma)-bearing rabbit thigh muscles were studied

using the in situ vascular perfusion technique. Three types of cationic
MMC-D (MMC-D.,,) and two types of anionic MMC-D (MMC-D.,,)

with different carrier molecular weights were used. After bolus arterial
injection in normal muscles, 83-96% of injected MMC-D was recovered

in the venous outflow regardless of the carrier size or charge, whereas
less than 60% of MMC was recovered in the same system. By applying
statistical moment analysis to the outflow pattern of these drugs, phar-

macokinetic parameters representing their disposition characteristics
were obtained. Smaller intrinsic clearance (('/.â€žâ€ž)and distribution volume

( r ) were noted for MMC-D than for MMC, indicating low extravascular
diffusion of MMC-D.

In the tumor-bearing muscle, blood contamination from other parts of
the body increased and a shortage of flow recovery due to the neovascu-
larization of the tumors occurred. The disposition parameters of MMC-
I),., with a molecular weight of 500,000 (1-50(1) indicated some tissue

distribution and sequestration in the tumor preparation.
After constant infusion of ("QMMC-D (I -511(1)for 4 h, tissue radio

activity concentrations were determined in various tissues. A higher
radioactivity was observed in the viable region of the tumor and the
lymph node compared with the normal muscle tissue and the necrotic
region of the tumors. I3ll-Labeled human serum albumin also gave similar

results.
In conclusion, higher tumor localization of antitumor agents may be

made possible by the application of macromolecular prodrugs.

INTRODUCTION

In cancer chemotherapy, it is important to control the phar-
macokinetic behavior of cytotoxic drugs for effective treatment.
Various approaches have been used to concentrate the cytotox-
icity of the drug to tumor cells such as by modifying their
biopharmaceutical properties.

Previously, we developed macromolecular prodrugs of mito
mycin C, mitomycin C-dextran conjugates having cationic or
anionic charges by coupling MMC3 to dextran employing e-
aminocaproic acid or 6-bromohexanoic acid as a spacer, re
spectively (1, 2). MMC-D has higher activity than MMC
against various murine tumors (3) and the nature of the carrier
dextran was found to affect its efficiency (4). After systemic
administration, MMC-D was retained in the blood circulation
for a considerably long period and accumulated in the liver
depending on its physicochemical properties (1, 2). In local
administration, MMC-D remained at the injection site for a
long period and lymphatic delivery was enhanced (5, 6). Al
though these studies have demonstrated the unique pharmaco-

Received 1/30/87; revised 7/30/87; accepted 8/4/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' Supported in part by a Grant-in-Aid for Scientific Research from the Ministry
of Education, Science and Culture, Japan.

2To whom requests for reprints should be addressed.
3The abbreviations used are: MMC, mitomycin C; MMC-D, mitomycin C-

dextran conjugate; MMC-D,Â»,, MMC-D with a cationic charge; MMC-Dâ€ž,
MMC-D with an anionic charge; HSA, human serum albumin; VRS, vascular
reference substance.

kinetical characteristics of MMC-D in vivo, little is known
about the disposition behavior of MMC-D in a single organ
especially at the vascular level.

In the present study, we selected the muscle of rabbits as a
model organ and examined the disposition characteristics of
MMC-D in its vascular bed. Using the in situ single-pass
perfusion technique, drugs were introduced as a pulse function
from the arterial side and venous outflow patterns were ana
lyzed by statistical moment analysis to derive the disposition
parameters (7).

A number of investigators have reported that macromolecules
such as albumin or dextran accumulate in tumors because of
leakiness of tumor neovasculature and lack of lymphatic sys
tems (8-11). Therefore, macromolecular prodrugs of antitumor
drugs may be useful in delivering the drug to the tumor site. To
assess the feasibility of MMC-D as a drug delivery system for
tumors (12), VX2 carcinoma was implanted in the rabbit thigh
muscle and tissue accumulation of MMC-D was determined in
the same manner.

MATERIALS AND METHODS

Chemicals. Mitomycin C was kindly supplied by Kyowa Hakko
Kogyo Co., Tokyo, Japan. Dextrans of various molecular weights were
purchased from Pharmacia Fine Chemicals Co., Uppsala, Sweden, and
had average molecular weights of about 10,000 (T-10), 70,000 (T-70),
and 500,000 (T-500). -y-Amino[U-l4C]butyric acid with a specific radio

activity of 2 mCi/mg was purchased from New England Nuclear,
Boston, MA, and l:"I-labeled HSA with a specific radioactivity of 1

mCi/ml was purchased from Daiichi Radioisotope, Tokyo. All other
chemicals were reagent grade products obtained commercially.

Preparation of MMC-D. MMC-Dcal was synthesized as reported
previously (1). In brief, dextran was activated by cyanogen bromide at
pH 10.7 and t-aminocaproic acid was coupled covalently to a glucose
chain as a spacer. The product was washed repeatedly by ultrafiltration
and MMC was conjugated by a carbodiimide catalyzed reaction. The
product was washed and concentrated by ultrafiltration. MMC-Dâ€ž,was
synthesized as follows (2): dextran and 6-bromohexanoic acid were
reacted under a strong alkaline condition at 80Â°Cto give a spacer-

introduced dextran. The product was washed, and MMC was coupled
in the same manner as MMC-Dâ„¢. In the present experiment, three
types of MMC-Dc., (T-10, T-70, and T-500) and two types of MMC-
Dâ€ž(T-10 and T-70) were used. Radiolabeled MMC-D,,, (T-500) was
synthesized using 7-amino[U-'4C]butyric acid as described previously

(13). Fig. 1 and Table 1 show the structure and physicochemical
properties of MMC-DCâ€žand MMC-D,n.

Animals and Tumors. Male domestic rabbits each weighing 1.9-2.1
kg fed a commercial diet were used. VX2 carcinoma grown in the
glutea! muscle of the rabbit was excised, and necrotic areas and con
nective tissue were removed. The tumor was minced in Hanks' solution

with scissors and was made into a cell suspension at a concentration of
20% (v/v). The suspension (0.3 ml) was inoculated into the right
posterior thigh muscle 2-3 centimeters above the poples. The tumor
was used for the perfusion experiment when it had grown to 4-6 cm in
diameter, about 14-21 days after the inoculation.

Perfusion Experiment. The rabbit hind leg was perfused as reported
previously (7). Fig. 2 shows a diagram of the perfusion system. Briefly,
one of the rabbit's hind legs was isolated by (Â¡gatingall vessels connected

to the leg. The femoral artery and vein were cannulated with vinyl tubes
and perfused at a rate of 1.66 ml/min. There was good recovery of
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l

(A)

NHj
Fig. 1. Representative chemical structures

of mitomycin C-dextran conjugates. A, MMC-
DcÂ«;B, MMC-Dâ€ž. CH3

Table 1 Physicochemical characteristics ofMMC-D

MMC-DcÂ«(T-10)MMC-DCÂ«
(T-70)

MMC-DC,,(T-500)MMC-Dâ€ž
(T-10)

MMC-Dâ€ž(T-70)M,

(carrier)9,900

64,400
487,000

9,900
64,400Mitomycin

C
content

(weight%)10.80

8.46
10.10
9.43
8.15In

vitro
release"24.4

23.6
23.8
35.035.4%

Adsorption at pH7.2*CM-Sephadex51.3

61.7
50.0

0
0DEAE-Sephadex0

0
0

29.2
32.0

" Determined by the Visking tube dialysis method in pH 7.4 phosphate buffer at 37'C (2, 4).
* Estimated by the batch method at pH 7.2 (2, 19).

Fig. 2. In situ perfusion system of rabbit hind leg. , I. oxygenated perfusate
was maintained at 37*C; II. peristaltic roller pump; C, six-position rotary valve

injector, D, venous outflow sampling. Illand â€¢,perfusion area and VX2 carcinoma
in the tumor-bearing preparation, respectively.

perfusate (85.6 Â±3.95%), and the contamination of blood from other
parts of the body was only 5.0 Â±1.1% in the normal rabbit. The drug
was introduced from the arterial side using a six position rotary valve
injector (type 50 Teflon rotary valves, Rheodyne, Ã‡A)as a pulse
function. The tissue preparation was perfused with Tyrode's solution

(14) (a mixture of 137 mM Nad, 2.68 mM KC1, 1.80 HIMCaCl2, 11.9
HIMNaHCO3, 0.362 mM NaH2PO4, 0.492 mM MgCl2, and 5.55 HIM
D-glucose) containing bovine serum albumin (Fraction V; Armour
Pharmaceutical Co., Eastbourne, Sussex, UK) at a concentration of
4.7% (w/v). The perfusate was gassed with 95% O2-5% CO2 and
maintained at 37V. At the end of the experiment, the leg was perfused
with a 0.9% NaCl solution of Evans blue and the stained part of the
muscle was excised after the animal was killed. The mean weight of the
perfused area was 57.1 Â±13.2 g (mean Â±SD) in the normal tissue
preparation and 59.1 Â±8.51 g in the tumor-bearing preparation. In
VX2 carcinoma-bearing rabbits, the mean weight of the perfused tumor
was 29.8 Â±6.72 g.

Sampling and Assay. The details of the sampling and assay proce
dures were reported previously (7). The outflowing perfusate was col
lected into previously tared tubes at appropriate intervals (first 5-10 s,
subsequently 20 s to 2 min). The concentration in the supernatant was
measured after centrifugation of the outflowing perfusate for 10 min at
3000 rpm. The optical density of Evans blue and MMC-D were deter
mined spectrophotometrically at 620 and 365 nm, respectively. MMC
was determined by measuring the antimicrobial activity against Esche-
richia coli B using the disc plate method. The calibration line was
constructed for each run with various MMC concentrations (0.05-1.2
/Â¿g/ml).Each assay was generally performed in triplicate and the
coefficient of variation in the estimated concentration was less than
10% for all samples.

Pharmacokinetic Analysis of Outflow Pattern. Moment analysis was
used for analyzing the outflow pattern, the detailed theoretical descrip
tion of this analysis was given previously (7). For understanding the
parameters derived from this analysis, several points should be consid
ered: (a) moment analysis regards the perfused organ as a black box in
which the distribution and elimination of drugs occur assuming a linear
condition for the concentration of the drug, (b) The disposition function
of this system is reflected in output response following a unit pulse
input; i.e., in the concentration-time course in outflow, (c) The first
three (zero to second) statistical moment parameters (moments) for
output response are defined as follows,

sue = JoCdt

T = Jot-Cdt/auc

= /?(i - F)2C dt/auc

(A)

(B)

(C)

where / is time and C is the concentration of a substance normalized
by injection dose with dimension of "% of dose/ml" and auc, T, and a1
are the area under the concentration-time curve, the mean transit time,
and the variance of transit time, respectively. (J) The moments are
calculated by numeral integration using a linear trapezoidal formula
from the outflow concentration-time curve. (<â€¢)To obtain background

information about the tissue preparation, we used a VRS consisting of
albumin labeled with Evans blue which does not distribute to the
extravascular space and is not eliminated. (/) Disposition parameters
are calculated from the moments. Table 2 shows the derivation of the
parameters. They can be divided into two groups, that is, parameters
representing distribution (V, k) and parameters representing elimina
tion (F, CÂ¿im,Fd).

Table 2 Derivation of the disposition parameters from moments
These parameters can be divided into those representing distribution (V, k)and those representing elimination (/'. f'/Â¡â€ž,.r,.,)."

Parameter Equation

Distribution
Distribution volume
Tissue distribution ratio

Elimination
Recovery
Intrinsic clearance
Mean elimination time

y=Q-t/F
k = (F/f )//. - 1

F = (auc of the test drug)/
(auc of VRS)

- F)
Â°Q, flow rate; A. ratio of mass of drug in tissue to that in the blood and

independent of perfusion area; C/â€žâ€žâ€žmaximal ability of elimination of the local
perfusion system, independent of the perfusate flow rate; fd._mcan time necessary
for drug to be eliminated from the perfusate compartment; (B, mean transit time
of VRS.
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LOCAL DISPOSITION OF MITOMYCIN C-DEXTRAN

Constant Infusion of the Tumor-bearing Preparation. [MC]MMC-DC,,
(T-500) or I3ll-labeled HSA was infused in the same system as in the

bolus perfusion experiment except for the injector. Both substances
were dissolved in the perfusate and infused for 4 h. At the end of the
infusion, the drug-free perfusate was infused for IS min and the
remaining drug was washed out within the intravascular space. The
perfusate flowing out in the last 1 min of wash out was collected and
used for the assay. After washing, the animal was killed and the muscle,
the viable and necrotic regions of the tumor, and the popliteal lymph
node were excised. The necrosis fluid in the cavity of the tumor mass
was also collected. Each tissue sample was minced into small pieces
(about 0.2 g). The procedure employed for the determination of 14C

radioactivity was a modification of the method of Mahin and Loftberg
(IS). The sample was put into a counting vial and 0.2 ml of perchloric
acid (60%) and 0.2 ml of hydrogen peroxide (35%) were added. The
resulting mixture was heated at 70'C for 90 min with agitation. The

mixture was cooled to room temperature, and S ml of scintillation
medium (Univer-Gel, Nakarai Chemicals) was added to it. The radio
activity was determined in a liquid scintillation system. '"I Radioactiv
ity was directly determined by a Nal well-type scintillator.

100

50

~ 10

0 1 2 Ã•

TIME(MIN)
Fig. 4. Outflow pattern of MMC-Dc,, (T-500) in the normal muscle perfusion

experiment. Values for VRS in the same preparation are also shown. O, VRS; â€¢.
MMC-DÂ« (T-500).

RESULTS

Outflow Patterns in the Normal Muscle. Fig. 3 shows the
typical concentration-time curves of MMC and MMC-Dan (T-
70) in the first 3 min, together with that of the VRS, Evans
blue-labeled albumin, in the same tissue preparation. The con
centration of MMC in the outflow was lower than that of VRS,
whereas that of MMC-Dan (T-70) was almost the same. Outflow
patterns of other MMC-Ds with different charges and carrier
sizes are not shown in the figures but were similar to those of
MMC-Dan (T-70) except for MMC-Dcal (T-500). The peak
outflow concentration of MMC-Dc,i (T-500) was delayed and
decreased, compared to that of VRS (Fig. 4).

Moments and Disposition Parameters for Results Obtained in
the Normal Muscle. Table 3 summarizes the first three moments
and disposition parameters for MMC, MMC-D, and VRS.
Almost all of the injected MMC-D was found in the outflow
regardless of charge or carrier size, whereas less_than 60% of
MMC was recovered. Smaller CLim and larger 7ei values also
indicated smaller elimination of MMC-D. MMC-D showed a
smaller distribution volume ( I ) than MMC also at all charges
and carrier sizes examined. The tissue distribution ratio (k)
showed this trend more clearly; i.e., k values of MMC-Ds were
one-third to one-fourth those of MMC, which indicates the
relatively low diffusive character of MMC-D.

Moment and Disposition Parameters for the Results Obtained

in the Tumor-bearing Muscle. Though the tumor-bearing prep
aration was perfused in the same manner as the normal prepa
ration outflow, recovery was decreased from the normal value
(85.6 to 70.3%) and more blood came from other parts of the
body (5.0 to 12.8%). This incompleteness in tissue isolation
may be attributable to the neovascularization of the tumor,
which is usually noted in tumor-bearing preparations. No dif
ference in moments of VRS was observed between the tumor-
bearing preparation and the normal preparation. In the case of
MMC-Dcal (T-500), however, drug recovery (F) was lower and
the distribution volume (V) was higher in the tumor-bearing
tissue than those in the normal tissue (Table 4).

Constant Infusion of Macromolecules in the Tumor-bearing
Preparation. To assess the slower distribution to various tissues,
[14C]MMC-Dca, (T-500) was dissolved in the perfusate and
constantly infused. After a 4-h single-pass infusion, higher
radioactivity was observed in the viable region of the tumor
than in the necrotic region, the necrosis fluid of the tumor, or
the normal muscle tissue. Little radioactivity was detected in
the outflow fluid after a 15-min wash out with drug-free perfus
ate (Fig. 5). High radioactivity was also noted in the popliteal
lymph node. In another experiment, 13ll-labeled HSA was
infused in the same manner as ['"CJMMC-Dc., (T-500). The
tissue distribution of 13ll-labeled HSA was analogous to that of
[14C]MMC-Dca, (T-500) (Fig. 6).

100r

50

10

(A)

100 |-

50

10

(B)

01230123

TIME(MIN) TIME(MIN)
Fig. 3. Outflow patterns of MMC and MMC-Dâ€ž(T-70) in the normal muscle

perfusion experiment. Values for VRS in the same preparation are also shown.
A: O, VRS; â€¢MMC. B: O, VRS; A, MMC-Dâ€ž(T-70).
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DISCUSSION

The purpose of this study was to elucidate the pharmacoki-
netic behavior of MMC-Ds in the muscle capillary system in
relation to their physicochemical properties, and to clarify the
difference in vascular permeability to macromolecules between
the normal and tumor-bearing muscles.

We selected the muscle as a model organ because it comprises
more than 50% of the total body weight (16) and seems to play
an important role in drug disposition. Another reason is that
this tissue has no particular function in metabolism or excre
tion; thus, it can be used to examine the effect of disease states
such as malignancy or inflammation.

The muscle has continuous endothelial capillaries (17) that
have little permeability to macromolecules (18). In the present
study, MMC-Ds were found to have a smaller distribution
volume (V) and intrinsic clearance (CÂ¿inl)than MMC in the
normal muscle (Table 3). These results suggest that MMC-D
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Table 3 Moments and disposition parameters of VRS, MMC-D, and MMC in the normal muscle. Values were calculated from the outflow patterns in the perfusion
experiment

MMC-DC,,MMC-Dâ€žParameterauc(%

of dose -min/ml)
t (min)
a2(min2)Citaâ€ž

(ml/min)
ta (min)
V (ml)
kVRS57.9

Â±3.71"

1.37 Â±0.23
2.40 Â±1.23

100
0002.37

0T-1050.8

Â±0.92
1.82 Â±0.09
4.90 + 0.89

83.1
0.348

10.7
3.71
0.324T-7049.3

Â±3.11
1.54 Â±2.98
1.68+ 1.28

87.5
0.233

12.3
2.87
0.276T-50053.2

+ 4.62
1.59 + 0.04
3.01 Â±1.09

92.8
0.130

22.2
2.88
0.385T-1049.9

Â±0.99
1.54 + 0.04
2.62 Â±0.21

85.6
0.267

10.7
2.86
0.071T-7053.9

+ 3.12
1.31 Â±0.01
2.33 Â±0.21

96.4
0.062

36.4
2.26
0.322MMC31.0+2.64

1.63 + 0.12
2.95 Â±0.63

58.7
1.17
3.65
4.27
1.57

' Results are expressed as the mean Â±SD of at least three rabbits.

Table 4 Moments and disposition parameters of VKS and MMC-D^ (T-500) in
the tumor-bearing muscle. Values were calculated from the outflow patterns in the

perfusion experiment

Parameterime

C, of dose -min/ml)
t (min)
a2(min2)

F(%)
CL*, (ml/min)
ta (min)
K (ml)
kVRS59.9

Â±4.90Â°

1.40 Â±0.42
1.61 Â±0.67

100
02.36

0MMC-D.Â«

(T-500)46.3

Â±8.20
1.60 Â±0.40
1.71 + 1.16

75.7
0.526
6.60
3.47
0.464

"' Results are expressed as the mean Â±SD of at least three rabbits.

Â§ 50 -

30

20

10

I

Fig. 5. Tissue concentration of ["CJMMC-Dâ„¢ (T-500) after a 4-h constant
infusion in the tumor-bearing muscle. Results are expressed as a percentage of
the mean Â±SD tissue concentration (g~') to perfusate concentration (nil ') of at

least three rabbits.

negligibly passes from the normal capillary wall to the extra-
vascular space due to its large molecular size and that its
elimination, that is, metabolism and/or irreversible binding,
was fairly small compared to MMC. Although a clear difference
was observed in disposition between MMC and MMC-D, the
effect of charge and carrier size was small among the MMC-
Ds. Thus the effect of polymerizing modification, i.e., increase
in molecular weight from 334 (MMC) to more than 10,000,
appears to be the main factor in these phenomena.

Previously, we studied the tissue distribution of MMC-D in
rats and found that MMC-D molecules are mainly accumulated
in the liver and not distributed to the muscle (13). The present
results are in good agreement with these findings. The outflow
pattern of MMC-Dca, (T-500) (Fig. 4) showed some interaction
with the muscle, probably with vascular endothelial cells. Inter
estingly, MMC-DC111(T-500) shows the strongest electrostatic
interaction with tumor cells (19) and liver cells among MMC-
Ds.4

4 S. Nakane, S. Matsumoto, Y. Takakura, M. Hashida, and H. Sezaki, unpub

lished data.

Â§ 50

20

S 10

\
A, "C 'C *Â« "f-

\ \o \

Fig. 6. Tissue concentration of I3ll-labeled HSA after a 4-h constant infusion
in tumor-bearing muscle. Results are expressed as a percentage of the mean Â±
SD tissue concentration (g~') to perfusate concentration (ml"') of at least three

rabbits.

It is well known that tumor tissue has a lower blood flow (20,
21) and higher interstitial pressure than normal tissue (22-24).
These conditions are undesirable for delivering drugs to the
tumor especially to the central region and become obstacles in
cancer chemotherapy (25). The transport of antitumor drugs to
tumor tissues has been studied pharmacokinetically in vivo by
several investigators (26, 27). However, few studies have been
made on the difference in the drug disposition between the
tumor and the normal tissue (28, 29).

In the present investigation, the in situ perfusion method was
used to evaluate tissue disposition of MMC-Ds because the
experimental system becomes simpler, compared with the in
vivo experiment using the whole body. Statistical moment anal
ysis was applied, and drug disposition was explained by sepa
rating it into the distribution and elimination processes. The
present investigation has thus been designed to elucidate the
drug disposition characteristics of macromolecules in the tumor
by combining these two considerations.

Tumor perfusion has been used for various studies (28, 30-
33). Cullino developed a "tissue-isolated" tumor preparation

and studied the uptake of DNA in the tumors (31). Jain used
the same system to evaluate the drug disposition in the tumors
(28). These tumors grew in an artificial condition and their
vasculature seemed to be unnatural in part. In the present study,
we implanted the tumor in the thigh muscle of rabbits and
perfused the whole leg for obtaining information on the vascular
permeability of the tumors under a relatively natural condition.

Macromolecules are known to accumulate at the tumor site
because of its leaky vasculature and deficit of lymphatic systems.
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In this study, MMC-Dca, (T-500) showed decreased recovery
(77.2%) and increased distribution volume in the tumor-bearing
muscle compared to normal tissue (Table 4). However, in
creased blood contamination from other parts of the body and
decreased perfusate flow recovery were observed in the tumor-
bearing preparation due to the neovascularization of the tumor.
This incompleteness of tissue isolation often lowered the relia
bility of the data. Therefore, it is difficult to conclude from
these results that MMC-Dca, (T-500) is more diffusive in tumor-
bearing muscle than in normal muscle.

On the other hand, significant accumulation of [14C]MMC-
Dca, (T-500) and 131I-labeled HSA in the viable region of the

tumor was observed in the constant infusion experiment (Figs.
5 and 6). From the total amount of accumulated macromole-
cules, the accumulation index can be calculated in terms of
clearance as follows,

then

= [X(t)-X(0)]/(C-t)

(D)

(E)

where X(t), CL, C, and t are the amount of the drug transported
in the tissue, the disposition clearance, drug concentration of
the perfusate, and the perfusion time, respectively. From Equa
tion E, CL is calculated to be 1.3 n\/mm/g tissue for MMC-
Dâ„¢ (T-500) and 0.5 Ã/1/min/g tissue for 131I-labeled HSA.

Assuming that the tumor weight is 30 g, drug recovery (F) is
calculated as follows,

F = (Q - CL)/O (F)

where Q is the flow rate of the perfusate. Using this equation,
F is calculated to be 0.98 and 0.99 for [l4C]MMC-Dca, (T-500)
and I31I-labeled HSA, respectively.

Song et al. studied vascular permeability of 125I-labeled al

bumin in Walker 256 carcinosarcoma, and found the flow rate
of ex travasata) albumin (identical to <"/,â€žâ€ž)to be about 0.1 ml/

wet g/h (34). Using this value, F can be similarly calculated to
be 0.97. Therefore, little drug elimination occurs in the bolus
injection system, and taking into consideration the experimen
tal error, the elimination of macromolecules cannot be detected.

MMC-Dcal (T-500) was accumulated in the tumor especially
in the viable region when perfused constantly. The central
tumor region, which is mostly necrotic, has a poor blood flow
(35), and drug delivery to this region appears to be difficult
(25). Also in our cases, little ['"CIMMC-D,:., (T-500) and I3'I-

labeled HSA were observed in this region.
In the normal tissue, macromolecules slowly permeate from

the intravascular space to the interstitial space. Then they pass
into the lymph vessels but not into the blood. The present
results indicated elevated concentrations of ['''CJMMC-Dc,, (T-
500) and I3'l-labeled HSA in the popliteal lymph node, which

might be explained by this process. Supply of macromolecules
to the lymph node by the tumor should not be overlooked.
Electrostatic adsorption of MMC-DcaI on the cells in the lymph
node reported previously (6) also plays a role in the case of
[l4C]MMC-DcaI (T-500). Increased distribution of antitumor

agents to the regional lymph nodes should be advantageous for
the treatment of lymphatic metastasis of cancer.

Intraarterial infusion of antitumor drugs has been used in the
clinical field for many years (36, 37). The relatively high con
centration of MMC-Dcat (T-500) in the tumor and lymph node
indicated that the high molecular weight prodrug of antitumor
drug is advantageous in such chemotherapy.

Under a physiological condition (pH 7.4, 37Â°C),MMC-Ds

liberate active MMC by chemical hydrolysis with half-lives of
24-35 h (Table 1). Consequently, the MMC-D accumulated in
the tumor should act as a molecular depot of MMC to succes
sively supply MMC to tumor cells. Direct interaction of MMC-
D having a cationic charge with tumor cells (19) should also
play a significant role.

In our series of experiments, we have designed various types
of mitomycin C-dextran conjugates that are different in molec
ular size and electric charge (2, 4). These conjugates show
highly prolonged retention in the body after systemic adminis
tration, while MMC is eliminated from the body with a half-
life of 10 min in rats. In general, retention of MMC-Ds in
creases as their molecular weight increases in both cationic and
anionic conjugates. However, the cationic conjugate is accu
mulated in the liver because of an eletrostatic adsorption since
this organ has discontinuous capillaries and it can easily make
contact with the parenchymal cells. On the other hand, the
anionic conjugate, which has no electrostatic interaction with
reticuloendothelial organs, is retained in the blood circulation
for a considerably long period of time (13, 38). The present
results indicate that MMC-Ds would accumulate in the tumor
site during constant infusion. Based on these findings, when
administered systemically MMC-Dan is expected to pass the
tumor area via blood circulation at a constant and high concen
tration and to be lodged there as a molecular depot of MMC.
Superior therapeutic activity of i.v. MMC-Dan administration
against s.c. implanted Sarcoma 180 in mice (39) seems to be
explained by this view.

The present report raises the possibility of using MMC-D
for specific delivery of MMC to the tumor site by intra urti-rial

and systemic administration, but the optimum physicochemical
property of MMC-D for the delivery to the tumor, must be
examined further since it might vary with the type of solid
tumor. Accumulation of systematic information on the phar-
macokinetical characteristics of macromolecular prodrugs
would help to improve the drug delivery systems in cancer
chemotherapy (12).
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