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Antitumor agent melphalan was conjugated through a carbodiimide-catalyzed
reaction to poly (L-lysine) (71.3K and 2K) and poly (L-glutamic acid) (60K and 14K) at a
ratio of approximately one molecule per 7-lysyl and 23-glutamate residues, respectively.
These conjugates had 40—70% of alkylating activities by themselves in vitro as compared
with free melphalan. Poly (glutamic acid) conjugates showed the antitumor activity in vivo
against Yoshida sarcoma in rats. In addition, poly (glutamic acid) conjugates containing *H-
phenylalanine which was used as a model compound instead of melphalan had a sustained
release property of radioactivity and the release rates could be regulated by exopeptidases.
After subcutaneous injection as the first choice of routes of administration, moreover, the
conjugates were found to be absorbed through the lymphatic transport system, probabl
due to the macromolecularity. These results suggest that the melphalan-poly (amino acidg
conjugates are one of good candidates to attain the sustained release and targeting of drugs
in cancer chemotherapy.

Keywords — melphalan; poly (lysine); poly (glutamic acid); poly (amino acid);
drug-carrier conjugate; release; antitumor activity; lymph concentration; drug delivery
system

INTRODUCTION
In order to attain the maximum antitumor

synthetic polymers.!>1® Most of investigations
regarding such drug carriers, however, are still

effect of chemotherapeutic agents with less side
effects, drug carrier complexes may be a good
drug delivery system which can deliver the con-
taining agents into a specific target site and sus-
tain the drug release over a predetermined term
in cancer chemotherapy. There are two kinds of
approaches for preparing the drug carriers; one
is physical and pharmacuetical modifications
such as albumin microspheres,!~® liposomes,* *
desoxyribonucleic acid (DNA)-complexes® and
emulsions” ® and the another is chemical
modifications between antitumor agents and
macromolecules such as melanotropin,” conca-
navalin A,'? antibody!'? and other natural and

* To whom correspondence should be addressed.

under preliminary study especially for chemical
drug carriers.

In this paper, we selected melphalan (MPL)
and poly (amino acid) as a model antitumor
agent and biodegradable polymer to study sever-
al physicochemicl properties and drug carrier
properties of drug-polymer conjugates. Poly (L-
lysine) and poly (L-glutamic acid) were selected
as typical cationic and anionic poly (amino
acid), respectively.

MATERIALS AND METHODS
Chemicals — MPL was kindly supplied from
Nippon Wellcome Co., Ltd. (Minoo, Osaka,
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Japan). Poly (L-lysine) (weight average molecu-
lar weight, 71.3K, 2K) and poly (L-glutamic
acid) (60K, 14K) were purchased from Sigma
Chemical Co. (St. Louis, MO). 1-Ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochlo-
ride [water soluble carbodiimide, EDC] (Nakarai
Chemicals, Ltd., Kyoto, Japan), I-hydroxy-
benzotriazol [HOBT] (Protein Research Foun-
dation, Minoo) and 2- tert- butoxycarbony-
loxyimino-2-phenyl-acetonitrile [Boc-ON]
(Protein Research Foundation) were used as rea-
gents for the conjugation. y-(p-Nitrobenzyl) py-
ridine [NBP] (Tokyo Kasei Kogyo Co., Ltd,,
Tokyo, Japan), dimethylsulfoxide (Wako Pure
Chemical Industries, Ltd., Osaka), ninhydrin
mixed reagent [0.5 ml of 1% ninhydrin solution
in 0.5 M citrate buffer (pH 5.5), 1.2 ml of glyce-
rol and 0.2 ml of 0.5 M citrate buffer (pH 5.5)]'%
and phenol-sodium nitroprusside solution [1 g
of phenol and 5 mg of sodium nitroprusside in
100 ml of water] were used for determination of
substitution ratio of MPL onto poly (amino

“acid) residues. L-[ring-2,6-*H (N)]-Phenyla-
lanine [*H-Phe] (specific activity 48.3 Ci/mmol)
(New England Nuclear, Boston, MS) was select-
ed as a model compound instead of radiolabeled
MPL because of its difficult availability. Exopep-
tidases, carboxypeptidase A (E.C. 3,4,12,2, from
bovine pancreas) and leusine aminopeptidase,
cytosol (E.C. 3,4,11,1, from porcine kidney)
were purchased from Sigma Chemical Co. All
other chemicals were reagent grade quality and
obtained commercially.

Preparation MPL- Poly (Amino Acid) Conju-
gates — First step for preparation of MPL-poly
(L-lysine) conjugates was the protection of
amino-group of MPL with Boc-group. The
methods are as follows. To a solution of MPL
powder (2.5 mmol) and triethylamine (3.75
mmol) in N, N-dimethylformamide [DMF]-
water (1:1, 2.5 ml), Boc-ON (2.75 mmol) was
added and the mixture was stirred with a
magnetic stirrer (200—300 rpm) at room tem-
perature over night. The reaction mixture was
diluted with 5 ml of water and was washed 2—3
times with 2.5 ml of ethyl acetate. The pH of the
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aqueous layer was adjusted to 2 with 0.1 N HCI
to give oily drops, which was extracted by ethyl
acetate and washed with water. Then, the organ-
ic layer was dried with a rotary evaporator
(Type N-1, Tokyo Rikakikai Co., Ltd).

Second step for preparation of MPL-poly
(lysine) conjugates was the coupling reaction be-
tween Boc-MPL and poly (L-lysine). Boc-MPL
(0.25 mmol) as prepared above, HOBT (0.25
mmol), EDC (0.25 mmol) and poly (L-lysine) (32
mg) were mixed in 2.5 ml of DMF-water (1:1)
solution and agitated with a magnetic stirrer
over night. After evaporation of DMF under re-
duced pressure at 40°C, 25ul of 12 N HCI was
added and the reaction vial was kept in ice for 5
min. After addition of 300 ul of 1 N NaHCO,,
the resultant precipitation was purified by dialy-
sis in water for 3 d.

We modified the preparation method of p-
phenylenediamine mustard-poly (glutamic
acid) by Rowland et al.'V) for synthesis of
MPL-poly (glutamic acid) conjugates. Four ml
of mixed solution containing MPL (66 « mol),
poly (L-glutamic acid) (50 mg) and EDC (125
mg) were stirred over night. Then the conjugates
were isolated by dialysis. MPL-poly (amino
acid) conjugates prepared as mentioned above
were kept as a powder at —15°C.

Determination of Substitution Ratio of MPL
onto Poly (Amino Acid) Conjugates — Two mg
of conjugates were hydrolyzed to free MPL and
amino acids with 6N HCl at 110°C for 24 h in
the usual way. After removal of the acid, the
amount of hydrolysate was reconstituted with 2
ml of water, and then MPL, total amino acid and
impurity ammonia were determined by NBP
method,'® ninhydrin reaction'® and indophenol
method,'® respectively. Since ninhydrin reaction
was sensitive against MPL and ammonia also,
the amount of amino acid residue unreacted was
estimated from the value for the ninhydrin reac-
tion (MPL +amino acid +ammonia) minus the
values for NBP method (MPL) and indophenol
method (ammonia).

Estimation of Alkylating Activity of MPIL- Poly
(Amino Acid) — Alkylating activity due to the
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conjugates themselves was estimated by the
modified method of Skibba ef al!® using unhy-
drolyzed MPL-poly (amino acid).

Measurement of the in Vitro Radioactivity
Release from 3 H-Phenylalanine - Poly (Amino
Acid) Conjugates — In vitro release of radioac-
tivity was determined by an equilibrium dialysis
method with a cellulose tubing (24/36, Visking
Cellulose Tubing, Union Carbide Corp., Chica-
go, IL). 3H-Phe-poly (L-glutamic acid) conju-
gates were prepared with *H-Phe instead of
MPL by the method as shown above. About 1
uCi of free or poly (glutamic acid) conjugated
3H-Phe was dissolved in 2 ml of phosphate
buffer saline (pH 7.4) and put into a cellulose
tubing. The tubing containing the conjugate so-
lution was placed in a 20 ml vial containing 10
ml of the same buffer. The effects of exopep-
tidases on the in vitro release were determined
by adding 50 units of carboxypeptidase A or leu-
sine aminopeptidase to the inner solution. The
whole system was shaken by an incubator at a
rate of 100 strokes/min at 37°C. At appropriate
intervals, aliquots of 1 ml were withdrawn from
the outer solution and 1 ml of the same buffer
was added to keep the volume constant. The
radioactivity was measured by a liquid scintilla-
tion counter (LSC-700, Aloka Co., Ltd., Mitaka,
Tokyo).

Measurement of Antitumor Effect of MPL- Poly
(Amino Acid) Conjugates — Male Donryu rats,
weighing about 130 g, and Yoshida sarcoma
were selected in the experiments to measure the
antitumor effects of the drug-carrier conjugates.
Yoshida sarcoma cells (1 X106 /1.0 ml) were im-
planted subcutaneously into the scapular region
of rats.

In order to measure the antitumor effect, 0.1
ml of free or poly (glutamic acid) conjugated
(60K, 14K) MPL (containing 50 ug MPL each)
or same volume of saline were injected directly
into the tumor site on day 4 after tumor inocula-
tion (10 rats for each group). Daily measurement
of tumor size was made with callipers and the
volume of the tumor was evaluated by the
method of Geran ef al.'™ Antitumor effects
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after multiple-shot administration were mea-
sured with the same method except that the
treatments were carried out three times on day
4,5 and 6.

Determination of Absorption Profiles after Sub-
cutaneous Administration of® H-Phe- Poly (Amino
Acid) Conjugates — Male Wistar rats, weighing
between 250 and 280 g, were used in this experi-
ments. After each rat was anesthetized with
sodium pentobarbital at a dose of 60 mg/kg ip.,
10 uCi of free or poly (glutamic acid) conjugat-
ed (60K, 14K) 3H-Phe were injected subcutane-
ously into the left femur of rats. Dose for free
8H-Phe, 60K and 14K poly (glutamic acid) con-
jugates was calculated as 0.342, 4.83 and 5.88
mg, respectively, from each specific radioactivity
and total radioactivity for dosage form. Each rat
was sacrified at appropriate intervals, and the in-
jection site (skin and hypodermis having a
diameter of about 2 ¢m), left (regional) and
right (non-regional) inguinal lymph nodes and
blood were collected. In addition the thoracic
lymph was collected by the method of Bollman
et al'® Radioactivities in the biological samples
were measured by a liquid scintillation counter

after combustion with a sample oxidizer
(ASC-111, Aloka).

blood sampling
(jugular vein)
lymph fluid
thoracic duct
catheterization
subcutaneous
. . injection
inguinal (left femur)

lymph nodes

FIG. 1. Schematic Diagram of Injection Site and
Sampling Parts for in Vivo Absorption Experi-
ments of 3 H-Phe-Poly(Glutamic Acid) Conju-
gates
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Schematic diagram of the injection site, left
and right inguinal nodes and blood sampling
part (jugalar vein) in the rat was shown in Fig. 1.
Fig. 1 also shows the part for the thoracic duct
catheterization.
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RESULTS
MPL Ratio and Alkylating Activity of Conjugated
MPL

Table I summarized the substitution ratio of
MPL onto poly (amino acid) conjugates and

TABLE 1. MPL Ratio and Alkylating Activity of Conjugated MPL

MPL-poly(lysine) MPL-poly(glutamic acid)
conjugates conjugates

713K 2K 60K 14K
Number of amino acid
residue for substitution 6.7 69 23.0 23.1
of a molecule of MPL#/
Number of MPL molecule
substituted on a poly 83.0 23 20.2 4.7
(amino acid) molecule?
% MPL in weight¢/ 25.1 24.6 93 9.3
% alkylating activity 694 64.0 420 48.7

a) Number of amino acid residue required for conjugation of a molecule of MPL. These numbers were
measured after hydrolysis of MPL-poly (amino acid) conjugates.

b) For the case of poly (lysine);

(MWp—18)
(MWi—18) - A

For the case of poly (glutamic acid);

(MWpe—18)
(MWs—18) - A

where MWpi, MWpg MWI and MWg mean molecular weight of poly(lysine), poly (glutamic acid),
lysine and glutamic acid, respectively. “A” means number of amino acid residue for substitution of a
MPL molecule as shown in upper column. “18” is the molecular weight of water.

¢) For the case of MPL-poly (lysine) conjugates;

(MWpl+MWmpl - N)—18 - N

For the case of MPL-poly (glutamic acid) conjugates;

(MWmpl—1) - N
(MWpg+MWmpl - N)— 18 + N

x 100

where MWmpl means the molecular weight of MPL, and “17” and “1” mean loss in weight of MPL
molecule during dehydration and condensation between MPL and amino acid residue (OH and H,

respectively).
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their alkylating activity in vitro. Each number of
amino acid residues for substitution of one
molecule of MPL was determined as 7 and 23
for poly (lysine) and poly (glutamic acid) conju-
gates, respectively, from MPL, total amino acid
and ammonia concentrations measured by NBP,
ninhydrin and indophenol methods. From those
values, on the other hand, numbers of MPL
molecules substituted on one molecule of poly
(amino acid) were calculated as 83.0, 2.3, 20.2
and 4.7 for 71.3K and 2K poly (lysine) and 60K
and 14K poly (glutamic acid) conjugates, respec-
tively (see calculation method in Table I). Pet-
cent MPL in weight was also calculated (Table I)
and the numbers were about 25 and 10% for

100
90 -f

40

% releasing
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poly (lysine) and poly (glutamic acid), respec-
tively. There was no effect of the molecular
weight of poly (amino acid) on the % MPL in
weight and number of amino acid residue for
substitution of a molecule of MPL.

Alkylating activity of the conjugates was
measured by NBP reaction in vitro and the
values were 40 —70% of free MPL. The activity
of poly (lysine) conjugates was slightly bigger
than that of poly (glutamic acid). Since MPL-po-
ly (Iysine) conjugates were practically insoluble
in water, however, only poly (glutamic acid)
conjugates were used for the following experi-
ments.

In Vitro Release of Radioactivity from 3 H-Phe-

(b) 14K

-

48

0 12 24 36 48

Time (h)

FIG. 2. In Vitro Release of Radioactivity from 3 H-Phe-Poly (L-Glutamic Acid) Conjugates with and with-

out Exopeptidases

(O ) free 3 H-Phe; (@) 3H-Phe-poly (L-glutamic acid) alone; (B ) with carboxypeptidase A; (A )

with leusine aminopeptidase.
Each point represents the mean of three experiments.
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Poly (Amino Acid) Conjugates

MPL-poly (amino acid) are thought to de-
grade to smaller peptides in the aqueous solution
and also in the human bodies. The smaller pep-
tides would become oligomers, tri- and di-
peptides and finally free drug. It is too com-
plicated to separate and determine the each level
of several components such as free MPL, and
MPL-mono-, -di-, -tri-, and -oligo-amino acid
conjugates. Since it is also difficult to get radiola-
beled MPL easily and cheaply, we use *H-Phe
because of its similar molecular structure to
MPL.

Fig. 2 shows time course of the cumulative
amount of radioactivity passed through a cellu-
lose membrane after 2H-Phe-poly (glutamic
acid) conjugates were put into the inside of the
membrane tubing with and without exopep-
tidases. Free Phe was permeated through the
membrane and reached equilibrium within 5 h.
In contrast, about 20 and 10% of radioactivities

or (a) single-shot
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passed through the membrane at 24 h for 60 and
14K of *H-Phe-poly (glutamic acid) conjugates,
respectively. Although both conjugates showed
the sustained release (degradation), the release
rate of 60K conjugates was about 2 times higher
than 14K. Carboxypeptidase, which can succes-
sively hydrolyze off carboxy-terminal residues
from peptides, promoted the release (digestion)
rate about 2 times. Aminopeptidase, which can
remove amino-terminal residues successively,
also promoted the release rates, but the effects
were smaller than the carboxypeptidase.
Antitumor Effect of MPL- Poly (L-Glutamic Acid)
Conjugates on Yoshida Sarcoma

Fig. 3 shows the effects of single-shot or
multiple-shot administration of free and poly (L-
glutamic acid)-conjugated MPL on the growth
of Yoshida sarcoma. Treatments of free MPL
and co-administration of free MPL and poly
(glutamic acid) had no suppression effect as
compared with control groups. On the other

° (b) multiple-shot
it
3 L
2 -
b)
b)
1-—
a)
obS——"<

4 5 6 7 8 9

Days after tumor inoculation

FIG. 3. Effect of Single-Shot and Multiple-Shot Administrations of Free or Conjugated MPL on the

Growth of Yoshida Sarcoma

Each rat was subcutaneously injected with 0.1 ml of free MPL (/\ ), poly (glutamic acid) conjugated
[60K (), 14K (M )] MPL, mixture of free MPL and poly (glutamic acid) (14K) (A ), or saline (O )
into the tumor site on day 4 after inoculation. Dose for MPL was 50 g/ rat.

Student’s t-test: a) p< 0.05; b) p< 0.02; ¢) p< 0.001.
Each point represents the mean (= S.E.) of ten experiments.
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hand, 14 K and 60 K of MPL-poly (glutamic
acid) conjugates had suppression effects on the
growth of Yoshida sarcoma and the volumes of
the tumor on day 9 were about one third
(multiple-shot) or one fourth (single-shot) as
compared with each control group. In addition,
these antitumor effects on Day 9 were significant
from each control (Student’s -test).

Fig. 4 is a photograph of the tumor section on
day 6 after tumor inoculation. The rat was ad-
ministered with 14K of MPL-poly (glutamic
acid) on day 4, 5 and 6. Left side of the photo
shows the proliferous tumor tissues in the subcu-
taneous part. On the other hand, the right side
shows vacuolation of the cytoplasm and aggrega-
tions of the chromatin in the nuclei of tumor
cells (the boundaries of the nuclei are obscure),
which suggests the disintegration of tumor cells
and the resulting antitumor potential of
MPL-poly (glutamic acid) conjugates. But such
vacuolation of the cytoplasm and aggregations
of the chromatin were also observed in the

proliferous
tumor tissue

aggregation of chromatin
(nuclei)
vacuolation (cytoplasm)

FIG. 4. Microphotograph of Yoshida Sarcoma in
the Scapular Region
The exised tumor tissues were fixed in 10%
Sformalin and stained with hematoxylin and eosin.
X 400.
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tumor sections after administration of free MPL.
From this histological examinations, therefore,
quantitative differences in the antitumor effects
between free and conjugated MPL were not
found.

Absorption Profiles after Subcutaneous Administra-
tion of ® H-Phe- Poly (Glutamic Acid) Conjugates

Since the results as shown above suggest that
MPL-poly (glutamic acid) conjugates would
have the possibility for sustained release of MPL
and antitumor effects, absorption profiles after
subcutaneous administration into the left femur
were measured in order to determine the lymph
transport of the conjugates for a next step. In this
experiments, we used 3H-Phe also instead of
MPL.

Fig. 5 shows the clearance of 3H-radio-
activities from the injection site following ad-
ministration of free and conjugated (14K, 60K)
3H-Phe into the left femur in rats. As shown in
the figure, 2—6 times differences of radioactivi-
ty were found between the free and conjugated
groups in the initial stage after injection. The dif-

20r

injection site

10 +

Radioactivity (% of dose)

Time (h)

FIG. 5. Clearance of Free and Conjugated ° H-
Phe from the Subcutaneous Injection Site
(®) free 3 H-Phe; (R ) 3 H-Phe-poly (L-
glutamic acid) conjugates (60K); (A ) 3 H-
Phe-poly (L-glutamic acid) conjugates (14K).
Each point represents the mean = S.E. of 3—5
experiments.
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terence, however, became negligibly small after
6 h. The comparably rapid disappearance of
radioactivity from the site of administration
may be due to the rapid distribution of the ma-
cromolecule antitumor agents and /or degrada-
tion of the conjugates to the smaller peptides.

Fig. 6a and b show the time course of radioac-
tivity in the left (regional) and right (non-
regional) inguinal lymph nodes. When free
3H-Phe was injected, radioactivity in the region-
al node decreased slowly with time; whereas the
level in the non-regional node increased slowly
and reached the same value as in the regional
node at 24 h. On the other hand, 5 — 20 times dif-
ferences between the radioactivities in the right
and left inguinal lymph nodes were observed for
0—06 h after injection of conjugated *H-Phe.
These results suggest the existence of the lymph
transport of poly (glutamic acid) conjugates.

Fig. 7 shows the blood concentration of radio-
activity after subcutaneous injection of free or
conjugates *H-Phe in rats. The radioactivity
after injection of free 3H-Phe was much higher
than that of both (14K, 60K) conjugates, which
suggests the importance of lymphatic transport
for the poly (glutamic acid) absorption from the
hypodermis.
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Time course of radioactivity in the thoracic
duct lymph in rats following subcutaneous injec-
tion is shown in Fig. 8. The concentration of
radioactivity reached the plateau after 2 h fol-
lowing injection of both conjugates. Radioactivi-
ty in the thoracic duct lymph following 3H-Phe
injection was smaller than that after injection of
both conjugates (14K, 60K). But the difference
became smaller with time.

These results as shown in Figs. 5—8 suggest
that the drug-poly (glutamic acid) conjugates
would have a tendency to be transported
through the lympbhatic system. This finding was
probably explained by the macromolecularity of
the conjugates, but there was no significant dif-
ference between 14K and 60K conjugates.

DISCUSSION

There are two kinds of polymeric (macromo-
lecular) antitumor agents. Polymers which have
antitumor effects by themselves come under one
category. Another is polymer-antitumor agents
which have therapeutic effects after digestion of
polymers and/or release of the antitumor agents.
MPL-poly (amino acid) had 40—70% of
alkylating activities by itself and surely has anti-
tumor effects also after polymer-digestion and

- -
%‘0 20F (a) left lymph node 201
-é (b) right lymph node
o L
S
g 10} 10 +
=
g - "
:-g
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0 2 4 6 ' 24 0 2 4 6 124
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FIG. 6. Left (Regional) and Right (Non-Regional) Lymph Node Concentrations of Radioactivity after In-

Jection of Free and Conjugated 3 H-Phe
Symbols: same in Fig. 5.

Each point represents the mean + S.E. of 3— 5 experiments.
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MPL-release. In addition, some poly (cation)s
and poly (anion)s have been found to show some
extents of antitumor effects,'® 2% especially poly
(L-lysine).2V In this respect, MPL-poly (glutamic
acid) and -poly-(lysine) may come under the
third category of polymeric antitumor agents.

Table I shows the large differences in the sub-
stitution ratios of MPL and its weight ratios be-
tween MPL-poly (lysine) and -poly(glutamic
acid) conjugates. This difference may be due to
the protection procedure of amino group of
MPL with Boc-group during the preparation of
MPL-poly (lysine). Therefore, the low MPL
ratios in poly (glutamic acid) may be improved
by the modification of synthesis method, i.e.
protection of carboxylic acid of MPL before pep-
tide synthesis. Since alkylating activity of
MPL-poly (amino acid) conjugates would be
dependent on the bis (2-chloroethyl) animo
group of MPL,2? hinder effects (stereochemical
obstructions of the antitumor moiety) and ionic
environments between the antitumor active
moiety and alkyl-groups might affect the
alkylating activities and antitumor effects of
these conjugates. For the quantitative discussion,
however, we should wait to get more experimen-
tal evidences.

06
= blood
E ‘,,] L4
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£ 0af 4 [Zf;
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0 2 4 6 Y

Time (h)

FIG. 7. Blood Concentration of Radioactivity after
Injection of Free and Conjugated ® H-Phe
Symbols: same in Fig. 5.
Each point represents the mean =S.E. of 3—5
experiments.
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When MPL- and *H-Phe-poly (lysine) conju-
gates were dried once by an evaporator, they
became very difficult to solubilize in aqueous so-
lutions because of their low wetting property.
Same phenomenon was found in *H-Phe-14K
poly (glutamic acid) conjugates although their
solubility was much higher than 3H-Phe-poly
(lysine) conjugates. Slow release rate of radioac-
tivity from the 14K conjugates, as shown in Fig.
2, might be explained by this occurrence. In con-
trast, 60K poly (glutamic acid) conjugates
shows 25% release over 48 h and the release rate
was 2—3 times higher than 14K conjugates. y-
Carboxylic acids of glutamate residues and a
terminal a-carboxylic acid of poly (glutamic
acid) are supposed for the binding sites of poly
(glutamic acid) with MPL. Effects of carboxy-
peptidase should be larger than aminopeptidase
which can remove amino-terminal residues suc-
cessively, since carboxypeptidase which can hy-
drolyze successively catboxy-terminal off could
release MPL (Phe) with only one cutting of pep-
tide bonds. In contrast, aminopeptidase needs
several cuttings of peptide bonds to release MPL

02r
thoracic duct lymph
E }—‘l
2 f’/j | #
!
ks
» 01
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0 2 4 6 T 24
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FIG. 8. Thoracic Duct Concentration of Radioac-
tivity after Injection of Free and Conjugated
3 H-Phe
Symbols: same in Fig. 3.
Each point represents the mean =S.E. of 3—5
experiments.
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(Phe). In vitro release profiles with the exopep-
tidases were consistent with the predicted order
of the release rates. These experimental findings
suggest that poly (glutamic acid) conjugates
would have a potential to sustain the binging an-
titumor agent MPL and that the release rate
would be regulated with some exopeptidases.

Alkylating activity (Table I) and antitumor
activity against Yoshida experimental tumor
(Figs. 3 and 4) are promissing future develop-
ments of antitumor agents-poly (amino acid)
conjugates as one of the chemical drug delivery
systems although many improvements should
be needed for the preparation method and their
structures.

MPL is now used as an injective form and a
tablet for intravenous injection and oral adminis-
tration, respectively, in hospitals. But MPL is
unstable in ageous solutions and its injection
should be used immediately after dissolving
MPL powder in the fitting alcohol-acid solution.
In addition, the absorption of MPL after oral ad-
ministration is variable and in some patients it is
poorly absorbed. Therefore dosage may need to
be cautiously increased until myelosuppression
is seen, in order to ensure that potentially thera-
peutic levels have been reached. Since MPL
should need several pharmaceutical modification
as mentioned above, poly (amino acid) conju-
gates might take a role instead of current prepa-
rations.

In this experiment, we measured the lymphat-
ic transport of poly (glutamic acid) conjugates
after subcutaneous injection as the first choice
among several routes of administration. As
shown in Figs. 5—8, there were no significant
differences between 14K and 60K poly (glutam-
ic acid) conjugates. But both *H-Phe-poly
(glutamic acid) conjugates had a tendency to be
absorbed through the lymphatic routes com-
pared to free 3H-Phe. Higher values in the re-
gional lymph node and thoracic duct lymph and
lower levels in the blood after subcutaneous in-
jection of the conjugates than that of free Phe
strongly suggest that the lymphatic transport
would be important for the absorption of the
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polymer conjugates. These results also suggest
that the conjugates might be effective against
the lymph node metastasis.

For the next step, we plan further several ex-
periments; (i) use of copolymer of neutral amino
acids (e.g. alanine) and acidic amino acids (e.g.
glutamic acid) or basic amino acids (e.g. lysine),
(i1) use of time-dependent antitumor agents
such as arabinofuranosyl cytosine, (iii) measure-
ment of the absorption and elimination beha-
viors after intravenous injection and oral admin-
istration, and (iv) preparation of “homing devi-
ce”’?3 containing tumor specific antibody or
monoclonal antibody.
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