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DESCRIPTION
COMPOUND OF MEDICINAL INGREDIENT AND HYALURONIC ACID

AND PROCESS FOR PRODUCING THE SAME
(Technical Field)
The present invention relates to a‘ccmpound of hyaluronic acid and a
medicinal ingredient and a process for producing the same and, more par-
ticularly, to a compound of hyaluronic acid and a medicinal ingredient which

utilizes the directivity of hyaluronic acid to a specific part in the living

.- body and a process for producing the same... -

(Background Art)

It is very important for a medicinal ingredient such as an anticancer
agent to exert the desired medicirial action on the desired part in the
living body free from harmful side effects on 11v1ng body

In order to reduce the harmful side effects of a medicinal in-
gredient, it is desirable to use a medicinal ingredient which has few harm-
ful side effects itse1f However, if it is possible to direct a medicinal

ingredient only to the action region, . the harmful side effects on the other

"-.tlssues are greatly reduced.

N On the ba81s of thls pr1n01p1e development of what is called a drug
L delivery.system 1e.1n progrees,,Thls technlque has become inevitable to the
administ:atiOn ofa medicinewhich has generally strong side effects such as
'an-anti-cancer agent '
A general drug delivery system in living body, however, fundamentally
depends upon or is lnfluenced by the systemic circulation blood so that it
18 very dlfflCUlt to exclude the systemic 1nf1uence of a medicine. '

Therefore an approprlate admmlstratlon of a medlclne which has
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harmful side effects on other tissues in spite of having a striking
medicinal effect is very difficult.

Since conventional medicinal ingredients have a low directivity to a
specific diseased part, especially, cancer tissues and the like, it 1s
necessary to administrate a large amount of medicinal ingredient in order to
produce adequate medicinal effects.

To solve this problem, an example is known of reducing the harmful
side effects of a medicine and improving the medicinal effects by combining
a medicinal ingredient with various high-molecular substances such as
~dextrane and albumin and utilizing the directivity of the high-molecular
substances and the gradual releasability of the medicinal ingredient. ‘

Few of the high-molecular substance conventionally used, however; are
derived from the human body. When those substances are abplied to the human
body, the burden imposed on the human body at the time of decomposition by
metabolism of the substance is heavy.

 Even in the case of using dextrane, the structure of the high-
molecular substance is changed into a substance which does not exist in the
human body at the time of condensation feaction,
' [Disclosure Of'Invention) .
B AcCordingly; it is_anfobject of the present invention to eliminate
the aboveédeSCribed problems in the prior art and to provide a compound. of
hyaluronic acid and a medicinal ingredient which is capable of exhibiting
officient medicinal effects while suppressing the influence on the other
tissues as much as possible.
' As ‘a resu'l-t. _Of"studies undertaken by the present inventors so as to

attain this aim, it has been found that the compound of hyaluronic acid and
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a medicinal ingredient having a high directivity to a specific part in the
living body is obtained by combining the medicinal ingredient with
hyaluronic acid which constantly exists in the living body. The present in-
vention has been achieved on the basis of this finding.

In a first aspect of the present invention, there is provided a com-
pound of hyaluronic acid and a medicinal ingredient produced by combining
hyaluronic acid and the medicinal ingredient by convaleﬁt bonding.

In a second aspect of the present invention, there is provided a com-
pound of a hyaluronic .acid and a medicinal ingredient produced by combining
the medicinal ingredient with the carboxyl group of the glucuronic acid
- residue of the hyalurohic acid by amide bonding.

In a third aspect of fﬁe present invention, there is provided a sup-
‘pressor for a cancer metastasis through lymph nodes which is produced by
combinig hyaluronic acid With an anticancer agent as a medicinal ingredient.

In a fourth aspect of the present invention, there is provided a non-
- specific missile therapeutic agent for cancer which is,produced by combining
hyaluronic acid with an anticancer as a medicinal ingredient.

‘ In a fifth aspect of the'present invention, there is provided a sup-
pressor for a cancer metastasis through lymph nodes which is produced by
‘COmbinig acetYlated hyaluronic.acidwith a medicinal ingredient. ‘

In a sixth aspect of the pfesent invention, there is provided a non-
specific missile ‘therlapeutic agent for cancer which is produced by combinig .
acetylated hyaluronic acid with a medicinal ingredient.

In a sevénth aspect of the present'invention, there is provided a
proc_ess_for prepa%ring-'a' 'compotmd of .hyaluronic acid and a medicinal in-

gredient cornprising the steps of: adding pyridine and hydrochloric acid to
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an aqueous solution of sodium hyaluronate; stirring the mixture; adding
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and N-hydroxysuccinimide
to the mixture so as to activate the hyaluronic acid ;dissolving the ac-
tivated hyaluronic acid in a phosphoric acid buffer solution; and adding an
aqueous solution of a medicinal ingredient to the resultant solution so as
to combine the activated hyaluronic acid with the medicinal ingredient.

In an eighth aspect of the present invention, there is provided a
process for preparing a compound of hyaluronic acid and a medicinal in-
gredient comprising. the step of reacting acetylated hyaluronic acid with a
medicinal ingredient in an organic solvent by a synthesis process which 1s
impossible in an aqueous solution.

In a ninth aspect of the present invention, there is provided a
process for preparing a compound of hyaluronic acid and a medicinal in-
gredient COmprisiﬁg the steps of: reacting acetylated hyaluronic acid with a
medicinal ingredient in an organic solvent; and removing the acetyl group
from the reaction product. '

Example of a medicinal ingredient used in the present invention
are: antibiotic antitumor agents such as mitomycin C, daunomycin,
 chromomycin A3, bleomycin, neocarzinostatin, actinomycin D, adriamycin and
mithramycin; '

. alleated.antitumor agents such as bis (2-chloroethyl)-amine(nitrogen
mustard) derivative, aziridine derivative, methansulfonic acid ester deriva-
~tive, N-alkyl-N-nitrosourea derivative, alkyl bromide derivative, mech-
lorethaminé hydrochloride, chlora0mbutyl, melphalan, cyclophosphamide,
triethylenemelamine, thiotepa and busulfan;

anti-metabolical anititumor agents such as mercaptopurine,



SS0184:SPC. DUC =9~

2070672

fluorouracyl, N1-(2-tetrahydrofuryl)-5-fluorouracyl and ancitabine
hydrochloride;

hormonnal antitumor agents such as diethylstilbestrol, hexestol,
ethynylestradiol, testosterone propionate, fluoxymesterone, dolomostannorone
propynate, predonisone and predonisolone;

L-asparaginase; and

vinca alkaloids.

All of the kinetics of hyaluronic acid in the body and all of the

kinetics of a compound of hyaluronic acid and a medicinal ingredient -have ..

not been clarified yet.

The present inventors investigated the kinetics of hyaluronic acid in
- the body by using 14c-1abelled sodium hyaluronate having a molecular weight
of 1,000 kd. -

The 14C-labelled hyaluronic acid was administered to a knee joint
cavity and the.subcutis of a femoral region of a male SD rat (weight: 350 to
500 g). It is because the regional lymph nodes of the knee joint cavity and
' the femoral region are evident that these regions are selected as the parts
to which the 14Cc-Labelled hyaluronic acid was administered.

The tissues co1lected in the case of administering the hyaluronic
'-acid to thekneejoint caVitY‘Were lumbar lymph nodes which are the regional |
lymph nodes and the_mesenteric lymph nodes which are not regional lymph
nodes,the liver and the spleen, which are the main metabolic tissues in the
case of intravenous administration, all blood and plasma.

In the case of administering the hyaluronic acid to the subcutis of
the femoral reglon the anglna lymph nodes which are the other regional

lymph nodes of the femoral region was added to the above-described tlssues
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The tissue collecting times in the case of administering the
hyaluronic acid to the knee joint cavity were 3, 6, 24 and 96 hburs after
the administration. The tissue collecting time in the case of administering
the hyaluronic acid to the subcutis of the femoral region was 6 hours after
the administration. In the case of administering the hyaluronic acid to the

knee joint cavity, the concentration of hyaluronic acid was also measured in
the iliac lymph nodes and in the liver 6 and 24 hours after the administra-
tion.

Figs.1 to 4 show the distribution of hyaluronic acid in-the respec-
tive tissues obéerved 3. 6. 24 and 96 hours, respectively, after the ad-
ministration of the hyaluronic acid to the knee joint cavity, and Fig.o
shows the distribution of hyaluronic acid in the respective tissues observed
6 hours after the administration of the hyaluronic acid: to the subcutis of
the femoral region. |

As is clear frbm these drawings, a high directivity to the regional
1ymph'nodes of the region to which the hyaluronic acid had been administered
was observed irrespsctive of the time elapsed after the administration.
Especially, when the iliac lymph nodes, which are the regional lymph nodes
of the‘knee joint cavity, werse observed 3 hours after the administration,
the'fadioactivity concentration in the regional lymph nodes was not less
than 200 times of that in the plasma and not less than 50 times of that 1in
the liver. That is, the directivity of the hyaluronic acid to the regional
lymph nodes was remarkably high. The radio activity concentration in the
regional lymph nodes 96 hours after the administration was also maintained
at a high value. Thus,'the perSiStence of the hyaluronic acid was also sug-

gested.
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When the concentration of hyaluronic acid in the regional lymph
tissues and in the liver 6 hours after the administration was measured, 1t
exhibited a high value in the lymph nodes but no hyaluronic acid was
detected in the liver. These results suggest that although the radioactivity
distribution in the regional lymph nodes shows the distribution of the
hyaluronic acid, the radioactivity distribution in the liver shows the dis-
tribution of the metabolite of the hyaluronic acid. -

From these investigation, it has been found that hyaluronic acid
specifically moves to theregional lymbh'nodes of the region .to which the
hyaluronic acid is administered and decomposed by metabolism in the lymph
nodes. . '

It has also been found that when sodium hyaluronate is administered
into the body, it specifically gathers to a tumor tissue.:

The present inventors took notice of the properties of high-molecular
hyaluronic acid as an excellent carrier and undertook various studies on the
combination of high-molecular'hyalurdnic acid with a medicinal ingredient
and have finally succeeded in the synthesis of a compound of hyaluronic acid
and a medicinal ingredi_ent which maintain the physicochemical properties of
hyaluronic acid. ' .

Whén a compound according to the present invention is administered,
for example, to a subcutaneous tissue and a'muscular tissue in the vicinity
of cancer of a patient, the compound specifically moves to the regional
lymph nodes of the region in which the cancer grows and is maintained in the
lymph nodes. In addition, the anticancer agent is quantitatively released
due to the decompositioﬁ of the 'hyaluronic acid by metabolism in the lymph

nodes. The compound exhibits almost no harmful side effects due to the X~
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cellent directivity to the lymph nodes and almost completely suppresses the
metastasis of the cancer through lymph nodes.

Furthermore, since hyalurbnic acid specifically gathers to a diseased
tissue, especially, a tumor tissue, it 1is possible to concentrate a
medicinal ingredient onto the action region at a high concentration so as to
efficiently produce the medicinal effect even with the administration of a
small does of a compound of hyaluronic acid and a medicinal ingredient.

(BRIEF DESCRIPTION OF DRAWINGS)

Figs. 1 to 4 are explanatory views of the distribution of !4C in each
tissue after a predetermined time passed since the administration of 14¢-
labelled hyaluronic acid to a knee joint cavity of rats; .

Figs. 5 1is an'eXplanatory view of the distribution of 4C in each
tissue after 6 hours I;assed since the administration of 14‘C—labelled
hyaluronic acid to the subcutis of a femoral region of rats;

Fig. 6 is an explanatory view of the process for preparing a compound
of hyaluronic acid and mitomycin c: ; '

Fig. 7 is an explanatory view of the gel permeation pattern of a com-
pound of hyaluronic acid aﬁd a medicinal ingredient according to the present
invention;

' ' Fig. 8 1is an explanatory view of the ultraviolet portion absorption
spectra of ‘sodium hvaluronate and a compound of hyaluronic acid and a
medicinal ingredient according to the present invention;

Fig. 9 is an explanatory view of the visible portion absorption
spectra of sodium hyaluronate and a compound of hyaluronic acid and a
medicinal ingredient according fo the present invention;

Fig. 10 is an explanatory view of a change in the weight of the mice
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to which a compound of hyaluronic acid and mitomycin C was administered as
compared with those of controlled mice and the mice to which mitomycin C was
singly administered;

Fig. 11 is an explanatory view of the gel permeation pattern of a
compound of hyaluronic acid and daunomycin according to the present
invention; '

Fig. 12 is an eXplaﬁatory view of the visible portion absorption
spectra of daunomycin and a compound of hyaluronic acid and daunomycin ac-
cording to-the present invention; -

Fig. 13 1s an explanatory view ot the visible- portion absorption
spectra of a neutral solution and a 0.1N NaOH solution of a compound of
hyaluronic acid and daunomycin;

Fig. 14 is an explanatory view of the ultraviolei: portion absorption
spectra of a neutral solution and a 0.1N NaOH solution of a compound of
hyaluronic acid and daunomycin; ’

Fig. 15 is an explanatory view of a process for preparing a compound
of hyaluronic acid and 5FU:

.'Fig. 16 is anexplanatory vieW'Of fhe ultraviolet portion absorption
spectrum ofafcompouhd ofhyaluronicacid and SFU;

'Fig, 17,i8,anexp1anat0ryviewof the gel filtration pattern of a
,cbmpound of hyaluronicaéidahd oFU; ' | '

' Fig. 18 is an explanatory view of the visible portio_n absorption
spectrum of a compound of hyaluronic acid and epirubicin;

Fig. 19 is an.eXplanatory view,bf the gel permeation pattern of a
compound of hyaluronic acid and epirubicin; '

'Fig. 20 is an'explanatory.View of the analytical curve of epirubicin
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used in Example 4;

Fig. 21 is an explanatory view of the distribution of a compound of
hyaluronic acid and epirubicin in each tissue after 24 hours passed since
.the administration of the compound of hyaluronic acid and epirubicin to the
subcutis of a femoral region of a rat;

Fig. 22 is an explanatory view of the visible portion absorption
spectrum of a compound of hyaluronic acid and cytocine arabinoside; and

Fig. 23 is an explanatory view of gel filtration pattern of a com-
pound. of hyaluronic acid ahd cytocine arabinoside. .

(Best Mode for Carrying Out the Invention}

The preferred embodiments of the present invention will be described
in detail with reference to the accompanying drawings.

A compound of hyaluronic acid and an anticancer agent can be prepared
in the following manner as an example of a compound of hyaluronic acid and a
medicinal ingredient. |

"~ As the raw materials, high-molecular sodium hyaluronate [prepared
from the supernatant of cultured streptococcus zooepidemicus: Akasaka et al,
Nihon Keshohin Gijutsusha Kaishi(The Journal of The Society of Cosmetics
Technicians of Japan )22, 35-42, 19887 and commercially available mitomycin
C (produced by,e.g;,Sigma)'are usable.

A high~molecuar agent and a low-molecular agent are generally com-
bined by cyan bromide method, periodic acid oxidization method, epich-
lorohydrin method, mixed acid anhydride method, carbodiimide method, active
ester method, glutaraldehyde method and SPDP(N-Succinimidyl 3-(2-
pyriledithio)propionate) method, or the like.

Among these, it is preferable'that a medicinal ingredient is combined
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with the carboxyl group of the glucuronic acid residue of the hyaluronic
acid by amide bonding. Particularly, by using a water-soluble carbodiimide
reagent (e.g., 1-ethyl-3-(3-dimethyl-aminopropyl) carbodiimide (EDC), and 1-
oylcohexyl-3—(2~morphorinyl~(4)-ethyl)—carbodiimide-methy1~p~toluene
sulphonate), it is possible to obtain a medicinal ingredient combined with
the glucuronic acid residue by amide bonding without influencing the fun-
damental structure of hyaluronic acid.

The present invention will be explained in more detail with reference

to the following examples. —..... . .- .

Example 1 Compound of hyaluronic acid and mitomycin C

Production Example 1

Hyaluronic acid itself is an ingredient of the living body, so that
it involves no fear of antigenicity, as described above. ‘In addition, since
hyaluronic acid is gradually decomposed in the action region in the body, it
is eXpected to grauvally and quantitatively release the medicinal ingredient
with the decomposition i

In a conventlonal method of combining a hlgh~molecular substance and

a med1cxnal 1ngredxent however, the fundamental structure of hyaluronic

B a01d changes at the time of reaction, so that it is difficult to obtain the

expected nonan‘tlgenlclty and gradual releasability of a medicinal in-
gredient.

The present inventors investigated the amide bonding between
hyaluronic acid and a medicinal ingredient which utilizes the glucuronic.
acid residue of hyalﬁronic, acid so as riot to change the fundamental struc-
' ture of hyaluronic acid. '

Since hyaluronic acid 13 difficult to dissolve in an organic solvent,
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it is impossible to bring hyaluronic acid into reaction except in the form
of an aqueous solution. On the other hand, since an amide reaction 1s a
dehydration reaction, it is generally carried out in an anhydrous system.

The present inventors carried out an amide reaction, which 1is a
dehydration reaction, in a water system by the following process(see Fig.6),
thereby enabling amide bonding of a comparatively large amount of medicinal
ingredient with hyaluronic acid without changing the fundamental structure
of hyaluronic acid.

The reaction.of a compound of hyalqronic acid and a medicinal -in-
gredient inside and outside the body is similar to that of hyaluronic acid
in the single form; '

400 11 of pyridine and 2 ml of 2N hydrochloric acid were added to 10
ml of an aqueous solution of 1% sodium hyaluronate. After the mixture was
thoroughly stirred, 1 ml of IM EDC and 1 ml of 1M N~hydroxysuecinimide were
added thereto and the resultant mixture was thoroughly stirr‘ed so as to be
uniform. The mixture was reacted for 5 hours at room temperature.

 2 ml of a IM sodium acetate butter solution (pH:6.0) was then added
‘and the react_ion .was continued for further 30 minutes, thereby decomposing
the'surplus carbediimide.'

Acetone was then added to the reaetion product under stirring so that
the final concentration was 60% (w/v). The'precipitate of the solution was
gathered by the centrifugation of the ‘solution at 3000 rpm for 30 minutes,
ahd the gathered precipitate was dissolved again in 2% sodium acetate so
that the cencent_ration 'was about 1% .The precipitate was gathered again in
the Same 'me'thod by add'ing' ecetene. _By repeating this acetone precipitating

process three times, activated N-hydroxysuccinimidehyaluronic acid was ob-
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tained.

The activated hyaluronic acid obtained was dissolved in 10 ml of a
0.1M phosphoric acid buffer solution (pH:7.2) and 2 ml of an aqueous solu-
tion of 1% mitomycin C-was added to the solution. The solution was reacted
for 2 days at room temperature. At the end of the reaction, triple'the
amount of acetone relative to the whole amount of solution was added and
centrifuged so as to obtein the precipitant of the reaction product. By
repeating this acetone precipitating process three times, a pure compound of
hyaluronic.acid.and mitomycin C was obtained. The final precipitate was
dried at room temperature by a vacuum drier to obtain a dark purplish red
powder. . ‘

In thls way, according to this process, an amide reaction, which is a
. dehydratlon reaction, can be carried out in an aqueous solutlon

The amount of aqueous solutlon of 1% mitomycin C added to the solu-
tion of the activated hyaluronic acid is in the range of 0.1 to 5 ml, and
the colorn of the powder finally obtained is light purplish red to dark
purplish red in accordance with the concentratlon of mltomycln C.

- The powder obtalned was dissolved in an isotonic phOSphat buffered
- saline buffer solut1on to a concentration of 0.5% (w/v) and filtered out
fhrOugh a-membrane filter of 0422;& to obtain an axenic injectant. When
the solution was diluted to 10 times by the isotonic phosphoric acid buffer
~solution, added to a gel permeation column of Sephacryl 5-1000 and detected
by the carbazole-sulfuric acid reaction and the absorption of the
ultraviolet portion, the;absorption-of the ultraviolet portion derived from
mitcmycin C was detected.at'310 nm, which agreed with the eluation position

of hyaluronic acid (see Fig.T),
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The compound of hyaluronic acid and mitomycin C obtained has the fol-

lowing nature.

(1) Molecular weight: 10 to 10,000kd (calculated by Sephacryl S-1000

chromatography calibrated by hyaluronic acid having various molecular
weights or an intrinsic viscosity method)

(2) Content of anticancer agent (mitomycin C): 0.1 to 30 wt% (this
content can be varied by varying the amount of carbodiimide as a carboxyl
group activator and the amount of anticancer used for the reaction)

... (3) Nature: Light purplish red to dark purplish. red color in an
aqueous solution of 0.5% (w/v) of the compound . |

(4) Solubility: Soluble towater,physiological saline solution and an
isotonic phosphoric acid buffer solution énd.insoluble to methanol, acetone,
ether and chloroform. '

(5) Color reaction: Positive to a carbazole-sulfuric acid reaction,
and an Elson-Morgan reaction after hydrolysis with acid.

- (6)-Ultraviolet portion absorption: The peaks of the spectrum are at
952 nm and 310 nm, and the shoulder thereof is in the vicinity of 360 nm.
(7) Release of anticancer agent: Mitomycin C is released in the
‘living body with the decomposition of hyaluronic acid. The amido bond is
' hydrolizod bytréatingithe.compoundwith a'strong alkali and mitomycin C is
released. - '

(8) Gel permeation pattorn: When tho compound is added to a gel per-
meation column of Sephacryl S-1000 and thereafter subjected to a
carbazole: sulfurlc a01d reactlon “the peak of the compound is observed at

the p031t10n of a molecular welght of 500 kd. At the same position, the ab-

sorption of the ultraVLolet portlon derlved from mltomy01n C is observed
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(see Fig.T).

When sodium hyaluronate was dissolved in water, no ultraviolet por-
tion absorption was observed at not less than 230 nm, but in the compound of
hyaluronic acid and mitomycin .C of the present invention, the peaks were at
- 252 nm and 310 nm, and the shoulder thereof was in the vicinity of 360 nm
(see Fig. 8).

The visible portion absorption was observed in a broad area with 528
nm as the center (see Fig. 9).

... Under an acidic condition of 0.1 N,. the ultraviolet portion absorp-.
tion was observed in the vicinity of 245'ﬁm both in the free mitomycin C and
the compound. In the case of the free mitomycin C, a new absorption was ob-
served at 308 nm which is based on the stabilization of the aromatic ring of
an amino group under an acidic condition. The absorBing wavelength ap-
proximately'agreed with that of the compound.

In this example, the mitomycin C content (wt%) calculated from the
absorbances of the free mitomycin C and the compoqnd in the vicinity of 2495
nm was 11.5% and about 1/6vof the free carboxyl groups were substituted by
mitomycin C. . '

~ Sodium hyalufonate used as the carrier in the present invention is
originallyan ingredient.Of.thé 1iving body which exists in large amount in
'connective tissues and the like. After sodium hyaluronate is completely
decomposéd in lymph nodes, it is reused mainly as a carbonisource. The
safety of sodium hyalurOnate is therefore much higher than that of a conven-
tional high ~molecular carrier.
o 'In-addition,‘since the compound of hyaluronic acid and an anticancer

agent has a high_directiVity to lymph nodes, the coﬁcentration of the an-
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ticancer except in lymph nodes is not more than several-% of the concentra-
tion of the anticancer in the case at single administration. It 1s there-
fore possible to safely apply the compound to a patient suffering from can-
cer at a very early stage, or even to a patient whose disease is not yet
definitely diagnosed as cancer, for the pﬁrpose of prevention.

In addition, due to the directivity of hyaluronic acid to a cancer
tissue, it is possible to efficiently produce a medicinal effect on the dis-
eased tissue while suppressing the concentration of mitomycin C in the body

to a low value.
Product ion Example 2

2 ml of pyridine and 10 ml of ZN hydrochloric acid were added to 120
ml of an aqueous solution of 0.5% sodium hyaluronate in that order to ad-
just the pH to 4.75. Thereafter, Z'g of 1—ethyl—3—(3~dimethylaminopropyl)
carbodiimide (EDC) and 1.5 g of N-hydroxysuccinimide were added thereto and '
the mixture was reacted for 5 hours at room temperature so as to activate
the carboxyl group of hyaluronic acid. After decomposing the surplus EDC by
adding a IM sodium acetate solution, activated sodium hyaluronate was
’-purified by repeating'an acetone precipitating process three'times. The ac-
tivated hyaluronic acid thained was dissolved in 120 ml of a 0.1M phos-
phofic acid buffer solutioﬁ and 3001mg of mitomycin C was added to the solu-
tion. The solution was reacted for 2 days at room temperature. The reaction
product was purified by repeating an acetone precipitating process thfee
times in.the same way, thereby obtaining about 600 mg of a pure compound of
hyaluronic acid and mitomyCin C.
' ThehmoleCQlar wéight of the compound of hyaluronic acid and mitomycin

C calculated from the ir'ltrins'ic viscosity thereof was 227 kd and the
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mitomycin C content was 3.5% (w/w).

Cancer metastasis suppressing effect test (1)

The cancer metastasis suppressing effect test applied to a compound

of hyaluronic acid and mitomycin C according to the present invention will

now be explained.

The compound in the Production Example 2 was dissolved in a

physiological saline solution for injectants to a concentration of 4% (w/v).
The cancer metastasis suppressing effect of the administration of the com-
pound was compared with~that-of the administration of mitomycin C in the
single from while administering the physiological saline solution to a con-
trolled group.
' A female C57TBL/6 mouse (6 weeks old) was innoculated with 1 X 10° of
Lewis lung carcinoma cells on the subcutis of a flank region. Each group
consisted of 6 mice. Each of the compound and mitomycin C was administered
to the subcutis of the flank region of each mouse‘on the other side'of the
cancer-cells-innoculated region in three levels of 0.5, 1.0 and 5.0 mg/kg as
calculated in terms of mitomycin C.

On the first day after the innoculation of the cancer cells, the cor-
~ responding medicine was administered for the first time. The second and
'third administrations were on the third and fifth days, respectively, after
the innoculation. Each mbuse having the cancer cells was killed 22 days
after the innoculation and the weight of the cancer cells which had métas-
tasized to the lung was measured. The antitumor effect was evaluated from
the tumor growthsuppressioﬁratio represented by the following formula:

l Tumor growth suppression' ration=100 X ((the weight of the cancer

colls which had metastasized to the lung of the controlled group-the weight
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of the cancer cells which had metastasized to the lung of the group to which
the corresponding medicine was administered )]} / (the weight of the cancer
cells which had metastasized to the lung of the controlled group )

The results are shown in Table 1

Table 1
Medicine Dose (mg/kg) X Suppression ration
‘number of times (%) |
Controlled
group | 0.0
compound of 1.0X1 " 64 .6
hyaluronic acid
- and mitomycin 5.0X1 ' o7.4
Mitomycin C - 1.0X1 ~-14.9
' 0.0X1 ’ 83 .4
Compound of ' 0.5X3 99 .4
hyaluronic acid
and mitomycin C
| | 1.0 3 63.9
Mitomycin C ' 0.5X3 0l.1
1.0X3 30.5

R e e et omiepiy - e oo

As 1s clear from Table 1 the compound of hyaluronic acid and

-mltomy01n L accordlng to the present invention produced excellent cancer
etasta81s suppre551ng effect both in a single administration and in con-
secutive administrations than mitomycin C in the single form. Especially,
the compound produced a striking effect in the three consecutive administra-

tion.

Cancer metastasis suppressing effect test (2)
The effect of a compound of hyaluronic acid and mitomycin C on the

" suppression of cancer metastasis through lymph nodes will now be explained.
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The compared obtained in the Production Example 2 was dissolved in a
physiological saline solution for injectants to a concentration of 4% (w/v).
The cancer metastasis suppressing effect of the administration of the com-
pound was compared with that of the administration mitomycin C in {he single
form while administering the physiological saline solution to a controlled
group .

1106 of MH-134 ascites hepatoma cells were transplanted on the
subcutis of a foot-pat of a female C3H/He mouse. Each group censisted of 6
mice.. Each of the compound and mitomycin C was administered to the subcutis _
of the femoral region of each mouse on.the same side of the cancer-cells
-transplanted region in two levels ofAO.l and 1 mg/kg as calculated in terms
of mitomycin C. On the days after the transplantation of the cancer cells,
the corresponding medicine was administered for the first time and there-
after it was administered three times a week. Each mouse having the cancer
cells was killed 21 days after the transplantation, and the minor diameter
(nm) and the major diameter(nm) of an inguinae lymph node was measured. The
tumor diameter was expressed by the product of the minor diameter and the
major diameter. The enucleated IYmph node tiesues were fixed in formalin so
~as to be subjected-topatholegical inspection. '

~ The results are shown in Table 2

Table 2
Group - Dosage Region to which Interval for Diameter of
the medicine was administration  tumor
administered
_-,Controlled - 'f Subcutis of a 3 times/week 11.2:£35.9

group femoral region

HA-MMC 0.1 mg/kg  Subcutis of a 3 times/week  22.9%5.3
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femoral region

HA-MMC 1.0 mg/kg  Subcutis of a 3 times/week 32.01+14.6
femoral region |

MMC 0.1 mg/kg Subcutis of a 3 times/week  23.8%8.4
femoral region

MMC 1.0 mg/kg  Subcutis of a | 3 times/week  All cases died
femoral'region

The hypertropy of a lymph node is caused both by cancer metastasis
and by the administration of hyaluronic acid in the srngle form However,
'“qfrom the fact the size of the lymph node of mouse in the group to Wthh 0 1
mg/kg of the compound of hyaluronic acid and mitomycin C had been ad-
ministered was approximately the same as that of a mouse in the group to 
which 0.1 mg/kg of mitomycin C had been singly administered, the compound of
the present invention proved to have a stronger metastasis suppressing ef-
fect. In the group towhichl mg/kg of the compound of hyaluronic acid and
mitomycin C had been administered, 3 Strong metastasis suppressing effect as
well as the Weakened'Side effects was observed In the pathological inspec-

tlon the necros:Ls of cancer cells was observed in a broader region in the

_ 'group which the compound had been admlnrstered than in the group to which

mltomycrn C had been smgly admrnlstered In this respect, a strong m_etas-
tasis suppressing effect was also confirmed.
Tumor growth suppressing test (1)
The MethA tumor growth suppressing effect of a compound of hyaluronic
.,ac1d and m1tomyc1n C w111 now be exPlalned . .
The compound obtalned in the Production Example 2 was dlssolved in a

physiological saline solution for injectants to a concentration of 4% (w/v).
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The tumor growth suppressing effect of the administration of the compound
was compared with that of the administration of mitomycin C in the single
form while administering the physiological saline solution to a controlled
group.

1X10°% of MethA tumor cells were transplanted on the subcutis of the
back portion of a female C3H/He mouse. Each group consisted of 5 mice. Each
of the compound and mitomycin C was intraperitoneally administered to each
mouse in two levels of 0.1 and 1 mg/kg as calculated in terms of mitomycin
C. On the day .after the transplantation of the.cancer cells, the correspond-
ing medicine was administered for the first time and thereafter it was ad-
ministered three times a week. Each mouse having the cancer cells was
slaughtered 21 days after the transplantation,and the minor diameter (nm)
and the major diameter (mm) of the cancer tissue was measured. The tumor
diameter was eXpressed by the average of the minor diameter and the major
diameter.[(minor diameter +major diameter)/2].The weigh of each mouse was
also measured 14 days and 21 days,respectively, after the administration.

The results are shown in Table 3

Table 3
- Group ‘Dosage ‘Region to which Interval for Diameter of
S - - the medicine was administration tumor
administered '
Controlled - Abdomen cavity 3 times/week  21.20.8

group
HA-MMC 0.1mg/kg Abdominal cavity 3 times/week 17.4+5.1

HA-MMC ~ 1.0mg/kg  Abdominal cavity 3 times/week  19.9%4.7
- MMC 0.1mg/kg Abdominal'cavity - 3 times/week 19.946.6

MMC 1.0ng/kg  Abdominal cavity 3 times/week  25.71.0
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The tumor had a low sensitivity to mitomycin C and the tumor of a

mouse in the group to which 1 mg/kg of mitomycin was administered was larger
than that of a mouse in the controlled group. However, the compound of
hyaluronic acid and mitomycin C produced a stronger antitumor effect than
mitomycin in the single form in spite of the low sensitivity of the tumor.

Fig. 10 shows a change in the weight of the mice during the testing
period.

In the group to which 0.1 mg/kg of m1tomycrn C had been singly ad-
mlnrstered the reduction in the weléorﬂwas observed but 1t was not ob-
served in the group to which 0.1 mg/kg of the compound of hyaluronic acid
and mitomycin C had been administered. In other words, the harmful side ef-
fects of mitomycin C were weakened.

Tumor growth suppressing test (2)
~ The MH-134 tumor growth suppressing effect of a compound of

hyaluronic acid and mitomycin C will now be explained. -

The compound'obtained in the Production Example 2 was dissolved in a
physiological saline solutiOn for injectants to a concentration of 4% (w/v).
| The tumor growth SUppre551ng suppressrng effect of the administration of the
compound was compared W1th that of the admlnlstratlon of mitomycin C in the
Slngle form whlle admlnlstermg the physiological saline solution to a con-
trolled group
' 1><106 of MH-134 ascites hepatoma cells were transplanted on the
subcutxs of the back portlon of a female C3H/He mouse. Each group consisted
of 6 ml_ce Each of mltomycm C and the compound of hyaluronic acid and

1mit0mycin C Was 1ntraper1tonea11y administered to each rat. The does was 5
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mg/kg as calculated in terms of mitomycin C. On the day after the transplan-
tation of the cancer cells, the corresponding medicine was administered for
the first times and thereafter it was administered three times a week. Each
mouse having the cancer cells was killed 21 days after the transplantation,
and the minor diameter'(nm) and the major diameter (mm) of the cancer tissue
was measured. The tumor diameter was expressed by the product of the minor
diameter (mm) and the major diameter (mm). The enucleated lymph node tissues
were fixed in formalin so as to be subjected to-pathological inspection.

The results are shown.in .Table 4.

Table 4

Group Dosage ~ Region to which Interval for Diameter of
the medicine was administration tumor
administered

controlled - Abdomen cavity 3 times/weeks  461+227

group

HA-MMC 0.5 mg/kg Abdomen cavity 3 times/weeks 81184

MMC 0.5 mg/kg Abdomen cavity 3 times/weeks 196100

h e

i

The results shows that mitomycin C combined with hyaluronic acid
suppressed the growth of the tumors to a greater extent than mitomycin C in
the single form. That is,;adminiStration of the compound of hyaluronic acid

and mitomycin C is preferable as a cancer targeting therapy.

Example 2 Compound of hyaluronic acid and daunomycin
Production Example 1

While hyaluronic acid 1s water-soluble and difficult to dissolve in
an organic solvent, as described above, many medicinal ingredients such as
daunomycin is easy to dissolve in an org'anic solvent and difficult to dis-

solve in water.
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In order to efficiently combine such medicinal ingredients which are
difficult to dissolve in water with hyaluronic acid by amide bonding, the
present inventors adopted the following production method.

1 ml of pyridine, 5 ml of 2N hydrochloric acid and 15 ml of
dimethylformamide were added to 25 ml of an aqueous solution of 1% sodium
hvaluronate. After t‘he mixture was thoroughly stirred, 0.6 g of N-
hydroxysuccinimide and 1 g of EDC were added thereto, and the reSUIfant mix-
ture was reacted for o fours at.reom temperature, thereby activating the
carboxyl group of the hyaluronic acid. ' '

Thereafter, oM dipottasium phosphate was added dropwise to the reac-
‘tion product to adjust the pH to 7.4 and decompose the surplus EDC. 20 mg of
za—aminecaproic acid was then added to the reaction product to react the
mixture for 2 hours at room temperature, and the carboxfl group were intro-
duced to the hyaluronic acid through 5 methylene groups. 5N NaOH was added
thereto adjust the pH to 12, thereby removing the unstable bonds. Acetic
acid was thereafter added to neutralize the acetic acid.

100 ml of ethanol was gently added to the resultant mixture under
stlrrlng to premmtate the hyalurom.c ac:1d (ethanol precx.pltatlon) This
. operatlon was repeated twme so as to remove all the low-molecular sub-
stances. ' ‘ '

100 mg of the hyaluronic acid with the spacer introduced thereinto
was dissolved in 9 ml of distilled water. 1 ml of pyridine, 5 ml of 2N
hydrochloric acid an'd 4m] of' dimet'hylformamide were added to the solution

and unlformly mlxed After 20 ng of daunomycm was added to the thus--

- 'obtalned unlform solutlon 100 mg of EDC was gradually added to start reac-

tion. 5 hours after the‘addltlon of EDC, 2 ml of a 1M.sod1um acetate buffer
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solution was added and the mixture was stirred for 30 minutes, thereby
decomposing the surplus EDC.

30 ml of acetone was gradually added dropwise to the reaction
product under stirring so as to precipitate the hyaluronic acid. The
precipitate was gathered by centrifugation. By repeating this acetone
precipitating process three times, a pure compound of hyaluronic acid and
daunomycin was obtained. The final precipitate was dried at room temperature
by a vacuum drier to obtain an orange powder.

- The powder obtained was dissolved in an isotonic phosphoric acid
butfer solution to a concentration of 0.5% (w/v) and filtered out through a
membrane filter of 0.22 to obtain an axenic injectant. When the solution
Was diluted to 5 times by the isotonic phosphoric acid buffer solution,
added to a gel filtration -column of Sephacryl S-200 and detected by the
carbazole-sulfuric acid reaction and the absorption of the visible portion,
the absorption of the visible derived from daunomycin was detected at 475
nm, which;agreed with the eluation position of hyaluronic acid (see Fig.11).

The -compound of hyaluronic acid and daunomycin obtained has the fol-
IOW1ng nature ' '

(1) M01ecular welght 10 to 10,000 kd (calculated by Sephacryl S-1000
chromatography callbrated by hyaluronic a01d having various molecular
weights or an 1ntr1n81c V1sc051ty method)

(2) Content of anticancer agent (daunomycin ): 0.1 to 30 wt% (this
ratio can be' varied by varying the amount of carbodiimide or N-
hydroxysu001n1m1de as a carboxyl group activator, the amount ofe -
amlnocaprom acid as a spacer the amount of antlcancer used for the reac-

tion and the reaction time)
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(3) Nature: Light orange to dark orange color in an aqueous solution
of 0.9% (w/v) of the compound odorless.

(4) Solubility: Soluble to watér, physiological saline solution and
an 1isotonic phosphoric acid buffer solution and insoluble to methanol,
ethanol, acetone, ether and chloroform. '

(5) Color reaction: Positive to carbazole-sulfuric acid reaction,
ninhydrine reaction, Elson-Morgan reaction after hydrolysis with acid.

(6) Absorption spéctrum: The visible portions are absorbed peaks

-..gently .at.. 470 to 500 nm, which agrees with. the.spectrum of released

daunomycin. Under an alkali condition, the absorption of the visible por-
tions shifts to 550 nm and 590 nm. This is due to the existence of the
phenolic hydroxyl groups in daunomycin. The .ultraviolet portion absorption
shows the peak at 255 nm (see Figs.12, 13 and 14). '

() Gel permeation pattern: When the compound is added to a gel per-
meation column of Sephacryl S-200 and thereaftér subjected to a
carbazole-sulfuric acid renctinn, the peak of the compound is observed at
test tube No.15. -When the compound is detected at 475 nm, the visible por—
-tlon (orange) absorption derlved from daunomycin is observed (see Fig.11).

Productlon Examgle
~In .order to mak_e hyaluronic acid soluble to an organic solvent, the
present inventors experimented on the combination of acetylated hyaluronic
acid with a medicinal ingredient in an organic solvent.

000 mg of acetylated hyaluronic acid was dissolved in 100 ml of

 thorough1y dehydrated dimethylformamlde under stirring (0.5% ,w/v) The solu~'

 tion was cooled to -8 to 10 C.

1 ml of isobutyl chloroformate and triethylamine were added to the
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solution under stirring and reacted at -8 to -10"C for 90 minutes so as to
activate the carboxyl group of the acetylated hyaluronic acid.

Separately from this, 300 mg of daunomycin wad dissolved in a mixture
of 10 ml of dimethylformamide and 1 ml of triethylamine and the solution
was cooled with ice. The solution was then added to the solution of acety-
lated hyaluronic adid so as to react the solution under stirring at 0 C for
one night.

The reaction solution was then mixed with ice-cooled 100 ml of
purified water to stop the reaction. -5N.NaOH was added to the mixed solution
so that the pH was 12.5, and the mixture was stirred for 2 hours at room

temperature to remove the acetyl group. Thereafter, 5M acetic acid was added

to the solution to neutralize it.

Triple the amount of acetone with respect to fhe whole amount of
mixed solution was added to'precipitate the thus-synthesized compound of
hyaluronic acid ‘and‘ daunomycin. The preciptate was gathered by centrifuga-
tion of the solution. '

The'pfecipitate was dissolved in 50 ml of a 100 mM sodium acetate
buffer solution‘(pH:G.O)’.Triple the amount of acetone with respect to the

- whole amount ofsdlution,was added and the preciptate was gathered by the

' c’ent'rifiigation of the solution. By repeating this acetone precipitating

process three times, 2 pure compound of hyaluronic acid and daunomycin was
obtained. The finallprécipitate was dried at room temperature by a vacuum
drier to obtain an orange powder.

It ispossib1eltoproduce an axenic injectant from the powder ob-
'tained by the Same treatment'as iﬁ the Production Example 1.

The dauﬁomycin content (wt%) calculated from the absorbances of



S90184:SPC.DOC ~48-

2070672

released daunomycin and the compound at 475 nm was 29.6%. and the molecular

weight of the compound obtained by an intrinsic viscosity method was 51.7

kd.

[sobutyl chloroformate was used for the reaction in a nonaqueous
solution in this example, but N,N-bis[Z-oxo-3-oxazolidinyllphosphorodiamidic
chloride, etc. are also usable as a condensation agent.

In these production examples, a synthetic reaction of hyaluronic
acid, which is difficult to dissolve in an orangic solvent, and a medicinal
ingredient which is difficult to dissolve in water, was enabled for the
first time by carrying out the combining reaction in a nonaqueous solution
by using acetylated hyaluronic acld, which is soluble to an organic solvent.
Example 3'Comgound of hyaluronic acid and 5FU

Production Example 1
' A compound of hyaluronic acid and 5FU was prepared in the method

~shown in Fig. 15. . .
000 mg of acetylated hyaluronate and 250 mg of 5-fluorouracyl (5FU)
was dissolved in 50 ml of pyridine. '

- Separately from this, 0.55 ml of 2- ~chloropyridine was added to 0.9 ml

' ~of methyl p—toluenesulfonlc ac1d and the mixture was stirred for 30 minutes

to prepare a _pyndmlum salt. The pyridine solution of hyaluronic acid and
5FU'wasgradually added dropwise to the pyridiniﬁm salt solution under stir-
ring.'Whén the mixed solution became uniform, the temperature was raised to
20°C to react the mixed solution for 36 hours.

After the end of the reactlon the reaction product was cooled with
ice and flVG times the amount of n-hexane with respect to the amount of the

reaction product was added thereto to precipitate the synthesized compound |
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of acetylated hyaluronic acid and 5FU. The preciptate was gathered by the
centrifugation of the solution at 0°C. Half amount of the precipitate was
dissolved in 25 ml of dimethylformamide and five times the amount of
purified water with respect to the whole amount of solution was added to
precipitate the target compound.

By repeating this water precipitating process three times, a pure
compound of acetylated hyaluronic acid and 3FU was obtained. The final
precipitate was dried at room temperature by a vacuum driér to obtain 148 mg
of a while powder. When the 5FU contént was calculated after removing the
acetyl groups from the compound for the purpose of accurate calculation, it
was 2.0%. Part of the precipitate was dissolved in ethanol to measure the
ultraviolet portion absorption, the absorption of the ultraviolet portion
derived from 5FU was observed at 260 nm (see Fig. 16).:When the eluation
patterns of hyaluronic acid (at' 530 nm) and 5FU (at 260 nm) were compared,
both approximately agreed with each other (see Fig. 17), which suggested
that a compound of hyaluronic acid and 5FU had been produced. '

The molecular weight of the compound of acetylated hyalurpnic_acid
and 5FU calculated by adding the molecular weight of the acetyl residues to
‘the molecular weight of the compound of hyaluronic acid and 5FU which was
obtained in the Production Examplé 1 was about 170 kd. |

The compound of acetylated hyaluronic acid and 5FU obtained in
Production Example 1 is oil-soluble. If the compound is dissolved in a small
amounf of organic solvent such as ethanol, and a physiological saline solu-
tion is added to the solution of the compound, the mixed solution takes the
form of a gel. When.-the gel is buried in the regional lymph nodes of a can-

cer region, the gel gradually disintegrates and the compound of acetylated
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hyaluronic acid and 5FU gradually moves to the lymph nodes extending ovér a
long time, so that the compound also has a striking effect on the prevention
of cancer metastasis through lymph nodes.

Since it is possible to directly bury the gel in a cancer, the con-
centration of the anticancer at a cancer region 1is much higher as compared
with any other administration method, so that a considerable cancer regres-
sion effect can be expected. If the gel is administeréd into an artery} the
artery at a cancer portion is blocked, thereby functioning as a cancer em-

bolus. agent which is easy to administer and is expected to have a high an- _

ticancer effect.

' Production Exa@ple Z

The COmpound of acetylated hyaluronic acid and 5FU produced in
Production Example 1 was'suspended in IN NaOH and the suspension was stirred
at room temperature for 2. hours to sever the bond of the acetyl group with
the hydroxyl group of hyaluronic acid. After neutralizing the suspension by
adding SN acetic acid, triple the amount of'acetone was added thereto to
precipitate the'SYntheSized compound of hyalﬁronic acid and oFU. The precip-
tatewaS-gathefed by:thé centrifugafibn of the suspension. .

The precipitate was dissolved in 25 ml of 100 mM sbdiumacetate buffer
"so-lution '(pH: ' 6.0). Ti'iple the amount of acetone with respect to the solu-
tion was added to precipitate a compound of hyaluronic acid and 5FU. The
precipitate was gathered by the centrifugation of the solution. By repeating
this acetdne precipitating process three times, a pure compound of'
hyaluronic‘acid and 5FU.was.obtained. The final precipitate was dried at
-r00m‘temperature by a vacﬁumdrier to obtain a white powder .

~ The po'wder obtained was dissolved in an isotonic phosphoric acid
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buffer solution to a concentration of 0.5% (w/v) and filtered out through a
membrane filter of 0.22 ¢ to obtain an axenic injectant.

In this example, the 5FU content (wt%) calculated from the absor-
bances of the free 5FU and the compound at 260 nm was 2.3%.

The molecular weight of the compound obtained by an intrinsic vis-

cosity method was 145 kd.

Example 3 1is characterized in the fact that acetylated hyéluronic
acid is used as a starting material. Since it 1s possible to bring acety-
lated hyaluronic acid into reaction in an organic solvent,.'._the* preparation

of a compound of hyaluronic acid and oFU has been enabled.

Example 4 Compound of hyaluronic acid and epirubicin

Production Example

1.5 g of acetylated hyaluronic acid was dissolved in 100 ml of
thoroughly dehydrated dimethylformamide under stirring (1.5% , w/v). The
solution was.cooled to about -10°C. 750« of isb~buty1~chloroformate and
triethylamine weré gently added dropwise to the solution under stirring in
that order. The mixture was stirred for further 1 hour to activate the car-
boxyl group of the acetylated'hyaluronic‘acid.

- Separately from this, 290 mg,of epirubicin was dissolved in 10 ml of
.dimethyl formamide. .After the dissolution, 750 1 of triethylamine wa‘s
added and the mixed solution 'w‘as cooled to 0°C. This solution was gradually
added dropwise td the acetylated hyaluronic acid solution. The mixed solu-
tion was reacted at 4°C ‘_for one night while the entire‘part thereof was
~ gently stirred.

' Thereafter, 200 ml of purifiedwater'which had been cooled with ice

was added to the reaction product to stOp'the reaction. 5N NaOH was added to
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the mixed solution so that pH was 12 to 13, and the mixture was reacted at

4" C for 2 hours to remove the acetyl group. Thereafter, 5M acetic acid was

added to neutralized the solution. Acetone was then added until a compound
of hyaluronic acid and epirubicin was obtained as dark red precipitate. The
precipitate was centrifugally washed two times with 0.1M sodium acetate
buffer solution to remove the unreacted epirubicin.

The final precipitate was dried under a vacuum by a vacuum drier to

obtain a pure compound of hyaluronic acid and epirubicin in the form of a

dark red powder.

. oe— . - -y - ——

It is possible to produce an injectant for subcutaneous administra-
tion, celiac administration or the like by dissolving part of the powder ob-
tained in a physiological saline solution for injectants.

[t is also possible to produce an axenic injectant4from the powder by
dissolving it in a physiological saline solution for injectants containing
20 to 40% of ethanol or propylene glycol and filtering the resultant solu-
tion through a membrane filter of 0.22 u¢ . .

The epirubicin content (wit%) calculated from the absorbances of the
free epirubicin and the compound at 495 nm was 12.7%, and the moleculai‘
weight.of the compcund obtained from the eluation position of gel permeation
and a moiecular weight calibration curve was 70 kd.

The compound of. hyaluronic acid and epirubicin obtained has the fol-
lowing nature. '

(1) Molecular weight: 10 to 10,000 kd

(2) Content of anticancer agent (epirubicin): 0.1 to 45 wt%

(3) Nature:.Light red to dark red in an aqueous solution, hydrous

solution or suspension.of 0.5% (w/v) of the compound, non-odorous
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(4) Solubility: Soluble to water, physiological saline solution and
isotonic phosphoric acid buffer solution when the epirubicin content is com-
paratively low, while difficult to dissolve therein when the epirubicin con-
tent is high. Soluble to a physiological saline solution containing 20 to
40% ethanol or propylene glycol. Difficult to dissolve in ethanol and
acetone. Insoluble to ether and hexane.

(5) Color reaction: Positive to a carbazole-sulfuric acid reaction,
and an Elson-Morgan reaction after hydrolysis with acid.

(6) Visible portidn absorption:. Broad peaks are observed at 470 to
480 nm, and the shoulder thereof is in the vicinities of 450 nm and 490 nm
(see Fig. 18).

(7) Release of anticancer agent:epirubicin is released in the living
body with the decomposition by metabolism of hyaluronic acid.

(8) Gel permeation pattern: When'the:compound 1s added to a gel per-
meation column of Sephacryl S-300 and thereafter subjected to a
carbazole-sulfuric acid reaction, the peak of the compound is observed at
the position of a-molecular weight of about 70 kd. At the same position,.the
ultraviolet portion absorption derived from epirubicin is observed (see
Fig.19). " ' '
 Batosomatic kinetics test

The entosomatic kinetics test applied to a compound of hyaluronic
acid and epirubicin will be explained in the following.

The compound of hyaluronic acid and epirubicin prepared in Production
Example was suspended to "'aphysiological saline solution to a'concentration
of 1% (w/v). ' H o

The solution was administered to male SD rats each having a weight
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of 400 to o00g. Each group consisted of 5 rats. 100ux1 of the liquid
medicine (equivalent to 1 mg of the compound) was administered to the sub-
cutis of a femoral region of each rat. 24 hours after the administration.
blood was drawn from the heart of each rat under etherization until it died.
Immediately thereafter the liver, the mesenteric lymph nodes, the iliac
lymph nodes and the inguinal lymph nodes were enucleated to measure the wet
weigh'of each tissue. '

10 mM phosphofic acid buffer solution of 1.15% of KC1 (pH: 7.8) were
added to each of the enucleated tissues to produce a homogenate. The plasma,
and each homogenate with protease (pronase) added thereto so that final con-
centration was 0.2% were allowed to stand at 37°C for one night so as to
digest the corresponding protein. Thereafter, cetylpyridinium chloride was
added to each tissue so that the final concentration was 0.2% and the com-
pound of hyaluronic acid and epirubicin was precipitate. The precipitate was
extracted with 0.5M Nacl.

' ’I‘he concentration of, the compound' of hyaluronic acid' and epirubicin
was measured at an excitation‘ wavelength of 470 nm and a fluorescence
- wavelength of 585 nm_(pH: 4.6).

_Fig. 20 sheWS-the analytical curve of epirubicin. A good linearity
was observed in the range of about 10 to 300 ng/ml.

Fig. 19 shows the results of the measurement of the concentration of
the compound of hyalurOnic acid. and epirubicin in plasma, liver, mesenteric
lymph nodes, iliac lymph nodes and 1ngu1nal lymph nodes.

A very hlgh d1rect1V1ty was observed in the iliac lymph nodes and the
‘"1ngu1nal lymph nodes Wthh were the regional lymph nodes of the femoral

region. The concentratlon of the compound of hyaluronlc acid and epirubicin

- - . -~ -
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in these lymph nodes were about 35 times and 45 times, respectively, as high
as the concentration in the plasma. They were about 5 to 7 times as high as
that in the liver, which is known as a hyaluronic acid metabolic tissue.

Although carbon particles (black fluid) move to lymph nodes, since
they are not decomposed by metabolism, they are stored in the lymph nodes.
In contrast, it was confirmed that the compound of hyaluronic acid and
epirubicin (coloring red) was not stored in lymph nodes but metabolized
therein. .

As described. above, it was confirmed that the compound of hyaluronic
acid and epirubicin had about 00 times as high a directivity to the iliac
lymph nodes and the inguinal lymph nodes, which are the action regioo,
namely, the regional lymph nodes of the femoral region, as the directivity

to the plasma.

Example 5 Compound of hyaluronic acid and cytocine arabinoside

Production Examgle 1
1 g of acetylated hyaluronlc acid was dlssolved in 100 ml of

dehydrated dlmethylformamlde (1% , W/v) . The solution was cooled to about
-10°C. 1 ml of isobutyl chloroformate and trlethylamlne were gently added
dropmse to the solu-tj_.on under stlrrlng in that order. The mixture was
. stirred fof furtherl hour to activate the carboxyl groups of the acetylated
hyaluronic acid.

Separately from this, 300 mg of cytocine arabinoside was dissolved
in 10 ml of dimethyl formamide; After the dissolution, 1 ml of triethylamine
was added and the mixed solution was cooled to 0°C. This solution was
gradually added dropw1se to the acetylated hyaluronic a01d solution. The

mixed solutlon was reacted at 0" C for one nlght while the entire part
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thereof was gently stirred.

Thereafter, the reaction product was mixed with 300 ml of purified
water to stop the reaction. The precipitated cytocine arabinoside acetylated
hyaluronate was separated by centrifugationf By repeating this purified
water precipitating process by centrifugation five times, the unreacted
cytocine arabinoside was removed.

The final precipitate was dried under a vacuum by a vacuum drier to
obtain pure cytocine arabinoside acetylated hyaluronate. The product was a
white fibrous. substance.

[t is possible to produce an axenic injectant from the compound by
dissolving it in distilled water for injectants containing 30 to 50% of
propylene glycol or ethanol and filtering the resultant solution through a
membrane'filter of 0.22u. .

[t is also possible to produce an effective cancer embolus remedy
agent in the form of a suspending gel by dissolving the compound 1n a
physiological saline solution for injectants containing 10 to 20% of
propylene glycol or ethanol.

Production Example 2
' - The compound of acetylated hyaluronic acid and cytocine arabinoside
'was:further treated with an alkali in the foliowing manner, thereby obtain-
ing a bompound Of hyaluronic acid and cytocine arabinoside.

500 mg of a compound of acetylated hyaluronic acid and cytocine
arabinoside was suspended in 50 ml of purified water. 95N NaOH was added to
the suspension under stirring so that the final concentration was 0.1N. The
suspension was s'tirred .forf3 hours at room temperature. to remove the 0-

acetyl group and dissolve the precipitate. Thereafter, M acetic acid was
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added to the solution to neutralize it .

Triple the amount of acetone with respect to the whole amount of
mixed solution was added to precipitate the compound of hvaluronic acid and
cytocine arabinoside produced. The precipitate was gathered by centrifuga-
tion of the solution.

The precipitate was dissolved in 50 ml of a 100 mM sodium acetate
buffer solution. Triple the amount of acetone with respect to the whole

amount of solution was added to precipitate the compound of hyaluronic acid

... .and .cytocine arabinoside and the precipitate was gathered by the centrifuga-

tion of the solution. By repeating this acetone precipitating process three
times, a pure compound of hyaluronic acid and cytocine arabinoside was ob-
tained. The final precipitate was _dried at room temperature by a vacuum
~drier to obtain 415 mg of a white powder.

[t is possible to produce an axenic injectant from the powder ob-
tained by the same treatment as in the Production Example 1.

The cytocine arabinoside contenf (wt%)‘calculated from the absor-
bances of the free cytolcine arabinoside and the compound at 272 nm was
16.43%, and the'mbieCUIar weight of the compound obtained by an intrinsic
viscosity method was 86.8 kd.

' The compound of hyaluronic acid and cytocine arabinoside obtained has
the following naturé.z

(1) Molecular weight: 10 to 10,000 kd

(2) Content of anticancer agent (cytocine arabinoside):0.1 to 45 wti

(3) Nature: transparent water-white in an aqueous solution, a hydrous
solution or suspénsion of 0,5%;(w/V) of the compound, non-odorous

(4) Solubility: Soluble to water, physiological saline solution and
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isotonic phosphoric acid buffer solution, and insoluble to methanol,
acetone, ether and chlorofornm.

Cytocine arabinoside-acetylated hyaluronate is soluble to an aqueous
solution of 30 to 50% of propyléne glycol or ethanol'and suspends in the
form of a gel in an aqueous solution of 10 to 20% of propylene glycol or
ethanol. It is soluble .-to dimethyl formamide, dimethyl sulfoxide, ethylene
glycol and propylene glycol and insoluble to water, acetone, ether and
hexane. '

(5) Color reaction: Positive.to a carbazole-sulfuric a‘cid.-reaction.
and an Elson-Morgan reaction after hydrolysis with acid. '

(6) Ultraviolet portion absorption: The peaks of the spectrum are at
247 nm and 305 nm (see Fig. 22). '

(T Release of anticancer agent: cytocine arabfhoside is released
with the decomposition of the hyvaluronic acid by metabolism in the living
body . '

(8) Gel permeation pattern: When the compound is added to a gel per-
meation column of Sephacryl S-200 and thereafter subjected to a
oarbazole~sulfuric aCid.reaction, thepeak of the compound 1s observed at
“the position of a moleCUIar weight of about 90 kd. At the same position, the
ultraviolet portion absorption derived from cytocine arabinoside is observed
(see Fig. 23). '

As described ’above, a compound of hyaluronic acid and medicinal in-
gredient of the present invention has a high directivity to a specific
tissue and can'fully'displaythe,medicinal effect while efficiently sup-
pressing harmful side effects to the other tissues.

CLAIMS
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The Embodiments Of The Invention In Which An Exclusive Property Or Privilege

Is Claimed Are Defined As Follows:

1. A therapeutic agent consisting essentially of an anticancer agent and
hyaluronic acid which can be administered to a patient, wherein the
improvement comprises a therapeutic agent formed by combining said
anticancer agent with a carboxyl group of glucuronic acid residue of
hyaluronic acid by amide bonding without a spacer between said
anticancer agent and said hyaluronic acid, said therapeutic agent

containing 0.1-45 wt. % of said anticancer agent.

2. A therapeutic agent according to claim 1, wherein the improvement
comprises said anticancer agent being a suppressor for cancer metastasis

through lymph nodes.

3. A therapeutic agent according to claim 1, wherein the improvement
comprises said anticancer agent being non-specific missile medicinal agent

for cancer.

4. A therapeutic agent according to claim 2, wherein said hyaluronic acid is

acetylated hyaluronic acid.

5. A therapeutic agent according to claim 3, wherein said hyaluronic acid is
acetylated hyaluronic acid and said anticancer agent is a non-specific

missile medicinal agent for cancer.

6. A process for preparing a compound of hyaluronic acid and a water
soluble anticancer agent comprising the steps of:

adding pyridine and hydrochloric acid to an aqueous solution of sodium

‘hyaluronate;
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stirring the mixture;

adding water soluble carbodiimides as condensing agent and
N-Hydroxysuccinimide as an activating agent to said mixture so as to activate said
hyaluronic acid;

dissolving the activated hyaluronic acid in a buffer solution; and

adding an aqueous solution of anticancer agent to the resultant solution so
as to combine said activated hyaluronic acid with said anticancer agent, thereby
forming an amide bond without a spacer between said hyaluronic acid and said

anticancer agent.

7. A process for preparing a compound of hyaluronic acid and a water
insoluble anticancer agent comprising the steps of:
reacting in an organic solvent having low reactability an acetylated
hyaluronic acid with a water insoluble anticancer agent thereby forming an amide

bond without a spacer between said hyaluronic acid and said anticancer agent.

8. A process for preparing a compound of hyaluronic acid and a water
insoluble anticancer agent according to claim 7 further comprising severing
bonds between the acetyl groups and hydroxyl groups of the acetylated

hyaluronic acid residue.

9. A use of a pharmacologically effective amount of the therapeutic agent of

any one of claims 1 to 4 to treat cancer in a patient in need thereof.

10. A use of a pharmacologically effective amount of the therapeutic agent of

any one of claims 1 to 4 to make a medicament to treat cancer in a patient

in need thereof.
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12.

13.

14.

15.

16.

17.

18.
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An injectable composition comprising a pharmacologically effective
amount of the therapeutic agent of claim 1 and a pharmaceutically

effective carrier thereof.

A therapeutic agent according to claim 1, wherein said anticancer agent is

mytomycin C which constitutes 0.1-30 wt. % of said therapeutic agent.

A therapeutic agent according to claim 12, wherein an aqueous solution of
0.5% (w/v) of said anticancer agent is non-odorous and is light purplish red

to dark purplish red.

A therapeutic agent according to claim 1, wherein said anticancer agent is

daunomycin which constitutes 0.1-30 wt. % of said therapeutic agent.

A therapeutic agent according to claim 14, wherein an aqueous solution of

0.5% (w/v) of the therapeutic agent is non-odorous and light orange to

dark orange.

A therapeutic agent according to claim 1, wherein said anticancer agent is

epirubicin which constitutes 0.1-45 wt. % of said therapeutic agent.

A therapeutic agent according to claim 16, wherein an aqueous solution, a
solution or suspension of 0.5% (w/v) of said therapeutic agent is

non-odorous and light red to dark red transparent.

A therapeutic agent according to claim 1, wherein said anticancer agent is
cytocine arabinoside which constitutes 0.1-45 wt. % of said anticancer

agent.
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A therapeutic agent according to claim 18, wherein an aqueous solution, a

hydrous solution or suspension of 0.5% (w/v) of the therapeutic agent is

non-odorous and transparent water-white in an aqueous solution.
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