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PROCESS OF TREATING INFLAMMATION WITH
HUMAN URINARY THIOL PROTEASE
INHIBITOR

BACKGROUND OF THE INVENTION

The present invention relates to an anti-inflammatory
agent comprising as an active component a human uri-
nary thiol protease inhibitor and a process for prepara-
tion thereof.

Human urinary proteins are composed mainly of
albumin [see “Sogo Rinsho”, Vol. 27, P. 1223 (1978)],
and it is known that human urinary proteins contain
enzymes such as urokinase or kallikrein and inhibitors
such as a human urinary trypsin inhibitor as a serine
enzyme inhibitor [see J. Biochem., Vol. 88, P. 1317
(1980)).

Recently, enzyme inhibitors present in human urine
has been examined and a substance inhibiting ficin, a
kind of a thiol protease, has newly been found [see Proc.
Soc. Exp. Biol. and Med., Vol 167, P. 530 (1981)]. How-
ever, this substance has not been elucidated in detail and
the biological significance of this substance has been
unknown.

We, the inventors, made researches on extraction and
purification of a thiol protease inhibitor from human
urine and biochemical properties of this inhibitor and as
the result, we found that this inhibitor is different from
a urinary trypsin inhibitor and specifically inhibits the
action of a thiol protease. We furthered our researches
on the medicinal utility of this inhibitor and found that
this inhibitor has an anti-inflammatory action. We have
now completed the present invention based on these
findings.

BRIEF DESCRIPTION OF THE DRAWING

The accompanying FIGURE illustrates the sites to
which the anti-inflammatory agent of the present inven-
tion is administered and the modes of administering this
anti-inflammatory agent.

DETAILED DESCRIPTION OF THE
INVENTION

In accordance with the present invention, there are
provided an anti-inflammatory agent comprising as an
active component a human urinary thiol protease inhibi-
tor which is obtained from human urine by extraction
and purification, and a process for preparation of an
anti-inflammatory agent comprising as an active com-
ponent a human urinary thiol protease inhibitor, said
process comprising extracting and purifying a thiol
protease inhibitor from human urine by adopting in
combination at least two treatments selected from a
treatment with a molecular filter, a treatment with an
ion exchanger, a treatment with an adsorber and an
affinity chromatographic treatment and making the
extracted and purified thiol protease inhibitor into an
appropriate pharmaceutical form.

The process for extracting and purifying a thiol pro-
tease inhibitor from human urine will now be described.

Urine as the starting material may be used as it is, but
it is preferred that impurities such as mucopolysaccha-
rides in urine are precipitated and removed in advance
by adjusting the pH value to 8.5 by an alkaline solution
such as an aqueous solution of NaOH.

Then, urine is concentrated by ultrafiltration or the
like, and fractionated by using a molecular filter such as
Sephadex or Sephacryl or a molecular filtering mem-
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brane. Alternatively, urine is dialyzed with water, made
adsorbed on an ion exchanger such as DEAE-cellulose
or DEAE-Sephadex and eluted by a buffer solution or
salt solution.

Impurities are removed from the obtained crude
product of the intended substance by adopting in com-
bination a treatment with a molecular filter such as
Sephadex, Sephacryl or a molecular filtering mem-
brane, a treatment with an ion exchanger such as
DEAE-cellulose or DEAE-Sephadex, a treatment with
an adsorber such as hydroxyapatite and an affinity chro-
matographic treatment with trypsin-Sephalose, ficin-
Sephalose or papain-Sephalose, whereby a human uri-
nary thiol protease inhibitor having an anti-inflamma-
tory action is obtained.

The biochemical properties of the obtained huamn
urinary thiol protease inhibitor will now be described.

Present substance has a molecular weight ranging
from 10,000 to 100,000, and components having molec-
ular weights of 23,000, 44,000 and 67,000 in the SDS-
polyacrylamide electrophoresis mainly exhibit an anti-
inflammatory action. Their isoelectric points are pres-
ent at a pH value of about 4.5 to 5.0 and they are stable
to treatments at acidic to alkaline pH values of from 2 to
12 and also to heat treatments at temperatures of up to
56° C., through slight degradation of the activity is
observed at 65° C. Thus this substance is very stable [see
“Medical Journal of Hiroshima University”, Vol. 29, P.
531 (1981)].

This substance does not inhibit serine proteases such
as trypsin (bovine pancreas, type 111, product of Sigma
Co.) and elastase (swine pancreas, type I, product of
Sigma Co.) and acidic proteases such as catepsin D
(product of Sigma Co.), but it specifically inhibits vege-
table thiol proteases such as ficin, papain and bormelain
(product of Sigma Co.) and thiol enzymes such as thiol
esterase in rat blood.

The utility of this substance as a medicine will now be
described.

It is known that a thiol protease specifically appears
on a skin affected by hot inflammation such as Arthus
inflammation or physical inflammation in allergic dis-
eases caused by antigen-antibody reaction and that a
thiol protease extracted from an inflammated skin of an
affected rabbit causes similar inflammation in a non-
affected rabbit and an inhibitor extracted from the in-
flammated skin of a rabbit inhibits inflammation. It is
apparent that a thiol protease and its inhibitor have a
close relation with inflammation.

Accordingly, we examined that anti-inflammatory
action of an anti-inflammatory agent comprising as an
effective component a human urinary thiol protease
inhibitor on a skin affected by Arthus inflammation in
rabbits and reverse Arthus inflammation in guinea pigs,
and we confirmed that this agent is effective.

Experimental results of the inhibitory effect to Ar-
thus inflammation in rabbits will now be described.

5 mg of bovine serum albumin (supplied by Sigma
Co.) dissolved in 0.5 ml of a physiological saline solu-
tion was mixed with an equal volume of Freund’s com-
plete adjuvant and the mixture was administered to the
foot pad of a rabbit (having a body weight of about 2
kg). This operation was conducted at an interval of one
week. Only the rabbits in which the antibody unit by
the precipitation reaction in gel was increased at least
64-fold were tested. The rabbits in which the antibody
unit to bovine serum albumin was increased at least
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64-fold were completely sheared on the hack-site with-
out damaging 24 hours before causing oi inflammation.

Five rabbits were used for each of fractions of molec-
ular weights of 23,000, 44,000 and 67,000 of a human

4
ined with the naked eye. The obtained results are shown
in Table 2.
As the bovine serum albumin antibody IgG, therc
was used a product obtained by performing the opera-

urinary thiol protease inhibitor prepared in the Produc- 5 tion above-cescribed with respect to the inhibitory ef-
tion Example given hereinafter. Physiological saline  fects to Arthus inflammation in rabbits, collecting and
solutions containing 2.5 mg of bovine serum albumin  anti-serum from a rabbit in which the antibody unit was
alone, a mixture of 2.5 mg of bovine serum albumin and  increased 128-fold and salting out the anti-serum with
1.5 mg or 3.0 mg of each fraction and 3 mg of each  ammonium sulfate and purifying with DEAE-cellulose.
fraction alone, respectively, were hypodermically ad- 10
ministered to the back-site near the limbs, as shown in
the drawing. TABLE 2
After passage of 24 hours from the point of the ad- Inhibitory Effects of Human Urinary Thiol Protease
ministration, the degree of the inflammation image was Inhibitor to Reverse Arthus Inflammation in Guinea Pigs
examined with the naked eye. The obtained results are 15 N Degree of Inflammation Image
shown in Table 1. Mole- Admini-  only ‘
cular stered edema  hyperemia - bleeding uccompanied
TABLE 1 Weight Group or flare added observed by necrusis
Inhibitory Effects of Human Urinary Thiol Protease 23,000 @ S cases
Inhibitor to Rabbit Arthus Inflammation @ 5 cases
i Degree of Unflammation Image 20 ) @ 5 cases
Mole- Admini- only 44,000 % 3 cases 5
cular stered edema  hyperemia bleeding accompanied ’ > 4 cases
Weight Group  or flare added = observed by necrosis ) s 22::: 1 case
23000 @ 3 cases 2 cases @ 5 cases
@ 3 cases 2 cases : 25 67,000 @ - 5 cases
Q 4 cases 1 case ® 5 cases ‘
@ 5 cases ) 5 cases
44,000 D 2 cases 3 cases @ 5 cases
@ 1 case 4 cases o
ote:
% g Ezz:: 2 cases Group (D : 5.0 mg of bovine serum albumin antibody 1gG alone administered
30 Group : mixture of 5.0 mg of bovine serum albumin antibody 1gG and 1.5 mg
67,000 @ 3 cases 2 cases of each l%tion administered
Q@ 3 cases 2 cases Group (3 : mixture of 5.0 mg of bovine serum albumin antibody IgG and 3.0 mg
) 5 cases of each fraction administered
@ 5 cases Group @ : 3.0 mg of each fraction only adininistered
Note ' o
group (@ :2.5 mg of bovine serum albumin alone administered In the groups to which bovine serum albumin anti-
group (@ :mixture of 2.5 mg of bovine serum albumin and 1.5 mg of each fraction 35 b i .
administered ody IgG alone was administered, bleeding was .ob-
group @ : mixture of 2.5 mg of bovine serum albumin and 3.0 mg of each fraction served. In contrast, in the groups to which the mixture
administered . .
group @ : 3.0 mg of each fraction alone administered of IgG with 1.5 mg or 3.0 mg of each fraction was
administered, only edema was observed. There was no
From the above results, it is seen that in the groups to 40 substantial difference in ‘the anti-inflammatory action
which bovine serum albumin alone is administered, among the three fractions differing in the molecular
bleeding is apparently caused and an image of a violent weight.
vascular inflammation accompanied by necrosis is pro- An anti-inflammatory agent comprising as an active
duced, while in the groups to which each fraction alone ~ component a human urinary thiol protease inhibitor
or mixture of bovine serum albumin and each fraction is 45 according to the present invention is obtained by mak-
administered, no bleeding is caused. Thus, it is con-  ing an injection, an ointment or the like of the human
firmed that the anti-inflammatory agent of the present ~ urinary protease inhibitor obtained according to the
invention has a definite anti-inflammatory action. above-mentioned extraction and purification processes
Experimental results of the inhibitory effects to re- by adopting appropriate medicine-making means.
verse Arthus inflammation in guinea pigs will now be 50 _ The amount of the human urinary thiol protease in-
described. hibitor incorporated in the anti-inflammatory agent of
Guinea pigs (having a body weight of about 200 g) the present invention and the amount administered of
were completely sheared on the back-site 24 hours be-  the anti- inflammatory agent are appropriately deter-
fore causing of reverse Arthus inflammation, and a mined according to the administration method, the ad-
solution of 100 mg of bovine serum albumin dissolved in 55 ministration form, the age of a patient and the disease
0.5 m! of a physiological saline solution per guinea pig  condition. For example, in the case of an injection con-
was intravenously injected. After lapse of 30 minutes, taining about 1 to 5 W/V % of the human urinary thiol
5.0 mg of bovine serum albumin antibody IgG alone, a protease inhibitor, it is ordinarily preferred that the
mixture of 5.0 mg of bovine serum albumin antibody injection be administered so that the amount adminis-
IgG and 1.5 mg or 3.0 mg of each fraction of molecular 60 tered of the inhibitor is about 10 to 100 mg/day. In
weight of 23,000, 44,000 and 67,000 of a human urinary other cases, the amount administered is determined
thiol protease inhibitor prepared in the Production Ex- according to the standard mentioned above with re-
ample given hereinafter or 3.0 mg of each fraction alone spect to an injection.
was hypodermically administered to the back-site of the As is apparent from the foregomg description, the
guinea pigs according to the above-mentioned modes 65 anti-inflammatory agent comprising as an active com-

illustrated in the accompanying drawing.
After lapse of 5 hours from the point of administra-
tion, the degree of the inflammation image was ¢xam-

ponent a human urinary thiol protease inhibitor accord-
ing to the present invention improves the condition of
inflammation caused by a thiol protease by inhibiting
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this protease, and exhibits an excellent anti-inflamma-
tory action. Accordingly, the anti-inflammatory agent
of the present invention is effective for remedy of dis-
eases in which a thiol protease participates, such as
muscular dystrophy and renal hypertension. Further-
more, according to the preparation process of the pres-
ent invention, the intended anti-inflammatory agent can
be extracted and purified from human urine by a rela-
tively simple operation, and mass production is possible.
Moreover, since the human urinary thiol protease is
obtained from human urine by extraction and purifica-
tion, there arises no trouble of an antigen even if it is
applied to a human body, and it is believed that the
agent has a high safety with a low toxicity.

The present invention will now be described in detail
with reference to the following Production Example.
Production Example:

The pH value of human urine was adjusted to a pH
value of 8.5 by NaOH solution and, after formed precip-
itates were removed, the residual solution was suffi-
ciently dialyzed with water. DEAE-cellulose was
added to dialyzed urine in an amount of about 50 ml per
10 1 of dialyzed urine, and the mixture was sufficiently
stirred and packed in a column. A crude active fraction
was eluted with about 100 ml of a 0.IM phosphate
buffer solution (having a pH value of 7.4). The crude
fraction was concentrated by ultrafiltration and sub-
jected to the molecular filtration with a Sephacryl S-200
column, whereby the active fraction was roughtly di-
vided into two fractions having peaks of a low molecule
range and a high molecule range, respectively.

The fraction of the peak of a high molecule range was
made adsorbed in papain-Sephalose equilibrated with a
(.iM phosphate buffer solution (having a pH value of
7.4) and was washed sufficiently with the same buffer
solution containing 0.5M of sodium chloride. The ad-
sorbed fraction was eluted with a dilute NaOH solution
(having a pH value of 12.5) and the eluted fraction was
neutralized with dilute hydrochloric acid. The fraction
was concentrated and subjected to the molecular filtra-
tion with a Sephadex G-150 column to divide it into two
active peak fractions. By the SDS-polyacrylamide elec-
trophoresis, it was confirmed that these fractions were
composed mainly of human urinary thiol protease inhib-
itors having molecular weights of 44,000 and 67,000,
respectively.

Separately, the fraction of the peak of a low molecule
range was made adsorbed, washed and eluted in the
same manner as described above. The obtained fraction
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6
was neutralized, concentrated and subjected to the mo-
lecular filtration with a Sephadex G-75 column to ob-
tain a human urinary thiol protease inhibitor as a frac-
tion having a peak at a position of a molecular weight of
23,000.

Franctions of molecular weights of 23,000, 44,000
and 67,000 extracted and purified according to the
above-mentioned procedures were made into appropri-
ate pharmaceutical forms alone or in combination ac-
cording to customary procedures.

For the measurement of the acitivity, ficin was used
as the thiol protease and casein was used as the sub-
strate.

What is claimed is:

1. A process of treating inflammation comprising the
administration of an effective amount of human urinary
thiol protease inhibitor to reduce said inflammation.

2. The process of claim 1, wherein said human uri-
nary thiol protease inhibitor has a molecular weight
ranging from 10,000 to 100,000; said inhibitor is com-
prised of three components having the molecular
weights of 23,000, 44,000 and 67,000, said components
having isoelectric points that are present at a pH value
of about 4.5 to 5.0; said components are stable to treat-
ments at acidic to alkaline pH values of from 2 to 12;
said components are stable to heat treatments at temper-
atures of up to 56° C., though slight degradation of the
activity is observed at 65° C.; said inhibitor does not
inhibit the serine proteases trypsin and elastase, and the
acidic protease catepsin D; but said inhibitor does spe-
cifically inhibit the vegetable thiol proteases ficin, pa-
pain and bromelain, and the thiol enzyme thiol esterase
in rat blood.

3. The process of claim 1, wherein said administration
is by injection.

4. The process of claim 1, wherein said administration
is by ointment

5. The process of claim 3, wherein said injection
contains about 1 to 5 w/v% of said inhibitor and said
administration is in an amount of about 10 to 100
mg./day.

6. The process of claim 1, wherein said administration
is to a human subject.

7. The process of claim 6, wherein said inflammation
is caused by muscular dystrophy.

8. The process of claim 6, wherein said inflammation

is caused by renal hypertension.
* E #* %k %
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