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An object of the present invention is to provide an adsorbent
for oral administration capable of adsorbing large quantities
of indole in the presence of bile acid.

The above problem can be solved by an adsorbent for oral
administration comprising a spherical activated carbon, the
activated carbon having a specific surface area determined
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micropore/mesopore ratio (Vm) determined by Formula (1):
(30) Foreign Application Priority Data Vm=Vmic/Vmet (1) wherein Vmic is a volume of pores
having a diameter less than 3 nm, and Vmet is a volume of
Aug. 27,2014 (JP) oo 2014-173157  pores having a diameter from 3 nm to 50 nm; of 3.0 or more.
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ADSORBENT FOR ORAL
ADMINISTRATION, AGENT FOR TREATING
RENAL DISEASE, AND AGENT FOR
TREATING LIVER DISEASE

TECHNICAL FIELD

[0001] The present invention relates to an adsorbent for
oral administration. The present invention also relates to an
agent for treating or preventing a renal disease and an agent
for treating or preventing a liver disease that contain the
aforementioned adsorbent for oral administration as an
active ingredient. The adsorbent for oral administration
according to the present invention has high adsorption
ability for indole in the presence of a high concentration of
bile acid, indole being a precursor for indoxyl sulfate which
is a poisonous toxic substance (toxin) in the body. According
to the present invention, indole can be efficiently adsorbed
even in the presence of cholic acid, which is contained in
large quantities in bile.

BACKGROUND ART

[0002] Accompanying organ functional impairment in
patients deficient in renal function or liver function, poison-
ous toxic substances accumulate and are produced in the
body such as in the blood, and cause uremia or encepha-
lopathy such as impaired consciousness. Since the number
of such patients has shown an increasing trend year by year,
the development of therapeutic medicines or organ substi-
tute devices that has the function of removing toxic sub-
stances to outside the body in place of these deficient organs
is a critical topic. Hemodialysis using artificial kidneys to
removal of poisonous substances is currently the method
most widely used. However, such hemodialysis-type artifi-
cial kidneys are not necessarily satisfactory due to problems
such as the necessity for a specialized technician from the
viewpoint of safety management because a special machine
is used, and additionally, the high physical, mental and
economic burden placed on the patient due to extracorporeal
removal of blood, and the like.

[0003] As a means for solving these problems, an oral
adsorbent that can be orally ingested and can treat functional
impairment of the kidney or liver has been developed and
used (Patent Document 1). The oral adsorbent has been
widely clinically used in, for example, patients with hepa-
torenal functional impairment as an oral agent for treatment
that has less side effect such as constipation. The oral
adsorbent contains a porous spherical carbonaceous sub-
stance (that is, a spherical activated carbon) having a certain
functional group, is highly safe to the body and stable, has
excellent adsorbance of poisonous substances (that is,
[-aminoisobutyric acid, y-amino-n-butyric acid, dimethyl-
amine, and octopamine), and also has beneficial selective
adsorbance in the sense that it adsorbs little of the beneficial
components in the intestines such as digestive enzymes and
the like. Furthermore, the adsorbent described in Patent
Document 1 uses pitch such as petroleum pitch as a carbon
source, and is produced by performing oxidation treatment
and reduction treatment after preparation of a spherical
activated carbon.

[0004] On the other hand, it is known that in chronic renal
failure patients, serum indoxyl sulfate concentration some-
times increases to approximately 60 times that of normal
people, and it is also known that serum indoxyl sulfate
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concentration is reduced and the progression of renal failure
is slowed by administration of the oral adsorbent described
in Patent Document 1 (Non-Patent Documents 1 and 2).
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SUMMARY OF INVENTION

Technical Problem

[0010] Adsorption of toxic substances is an extremely
important characteristic of an oral adsorbent containing a
spherical activated carbon, but it is particularly important
that indole, a precursor of indoxyl sulfate, which is a toxic
substance in chronic renal failure patients, is adsorbed and
removed from the intestinal environment. Patent Documents
2 and 3 disclose that an activated carbon having a volume of
pores having a diameter 1.0 nm or less of from 0.2 to 2.5
ml./g has high indole adsorption performance. However, a
large amount of bile acid (15 mM) is present in the human
intestines. When the present inventors studied the indole
adsorption ability of a conventional spherical activated
carbon in the presence of cholic acid, which a primary
component of bile acid, they found that an adsorbent for oral
administration containing a conventional spherical activated
carbon has lower indole adsorption ability in the presence of
cholic acid.

[0011] Therefore, an object of the present invention is to
provide an adsorbent for oral administration capable of
adsorbing large quantities of indole in the presence of bile
acid.

Solution to Problem

[0012] As a result of diligent research on adsorbents for
oral administration capable of adsorbing indole in large
quantities in the presence of bile acid, the present inventors
unexpectedly discovered that a spherical activated carbon
having a reduced volume of mesopores relative to volume of
micropores exhibits excellent toxic substance adsorption
ability even in the presence of bile acid. That is, the above
spherical activated carbon discovered by the present inven-
tors is capable of adsorbing large quantities of toxic sub-
stances (particularly indole, a precursor of indoxyl sulfate)
even in the presence of a high concentration of bile acid, and
enables reduced dosage.

[0013] The present invention is based on such knowledge.
[0014] Therefore, the present invention relates to:
[0015] [1] An adsorbent for oral administration compris-

ing a spherical activated carbon, wherein the activated
carbon has a specific surface area determined by the BET
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method of 800 m*/g or more, a bulk density of from 0.3
g/mL to 0.8 g/mL, a volume of pores having a diameter less
than 3 nm of 0.3 ml./g or more, and a micropore/mesopore
ratio (Vm) determined by Formula (1):

Vim=Vmic/Vmet (€8]

[0016] wherein Vmic is a volume of pores having a
diameter less than 3 nm, and Vmet is a volume of pores
having a diameter from 3 nm to 50 nm; of 3.0 or more;
[0017] [2] The adsorbent for oral administration according
to [1], wherein an average particle diameter of the spherical
activated carbon is from 50 um to 200 um;

[0018] [3] The adsorbent for oral administration according
to [1] or [2], wherein the spherical activated carbon is
prepared from a crosslinked vinyl resin as a carbon source;
[0019] [4] An agent for treating or preventing a renal
disease comprising, the adsorbent for oral administration
according to any one of [ 1] to [3] as an active ingredient; and
[0020] [5] An agent for treating or preventing a liver
disease comprising, the adsorbent for oral administration
according to any one of [1] to [3] as an active ingredient.

Advantageous Effects of Invention

[0021] The adsorbent for oral administration according to
the present invention can adsorb poisonous toxic substances
in the intestines because adsorption ability for toxic sub-
stances in the presence of bile acid is high due to the use of
a spherical activated carbon having a bulk density of from
0.3 g/ml.to 0.8 g/mL., a high specific surface area, and a low
volume of mesopores having a diameter from 3 nm to 50 nm
relative to micropores having a diameter less than 3 nm.
Therefore, the adsorbent for oral administration according to
the present invention is effective as an agent for treating or
preventing a renal disease or as an agent for treating or
preventing a liver disease. Additionally, the dosage can be
reduced to a dosage less than the dosage of a conventional
adsorbent for oral administration.

[0022] In particular, the adsorbent for oral administration
according to the present invention does not inhibit adsorp-
tion of toxic substances such as indole because there is little
adsorption of cholic acid to the spherical activated carbon
due to the volume of mesopores being small. As a result, it
can exhibit excellent adsorption ability of toxic substances
such as indole even in the presence of bile acid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a graph of indole adsorption ability in the
presence of cholic acid of the adsorbents for oral adminis-
tration obtained in Examples 2 and 4 and Comparative
Example 2, measured over time.

[0024] FIG. 2 is a diagram schematically representing the
difference in indole adsorption in the presence of cholic acid
in the adsorbent for oral administration of the present
invention and a conventional adsorbent for oral administra-
tion.

DESCRIPTION OF EMBODIMENTS

[0025] [1] Adsorbent for Oral Administration

[0026] The adsorbent for oral administration of the present
invention comprises a spherical activated carbon, the carbon
having a specific surface area determined by the BET
method of 800 m*/g or more, a bulk density of from 0.3
g/mL to 0.8 g/mL, a volume of pores having a diameter less
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than 3 nm of 0.3 mL/g or more, and a micropore/mesopore
ratio (Vm) determined by Formula (1):

Vin=Vmic/Vmet (€8]

[0027] wherein Vmic is a volume of pores having a
diameter less than 3 nm, and Vmet is a volume of pores
having a diameter from 3 nm to 50 nm; of 3.0 or more.
[0028] Specific Surface Area

[0029] The specific surface area of the spherical activated
carbon can be determined by the BET method or the
Langmuir method. The spherical activated carbon used for
the adsorbent for oral administration according to the pres-
ent invention has a specific surface area determined by the
BET method (sometimes abbreviated as “SSA” hereinafter)
of 800 m*/g or more. When a spherical activated carbon has
SSA of less than 800 m*/g, indole adsorption performance in
the presence of bile acid decreases, which is undesirable.
The upper limit of SSA is not particularly limited, but from
the perspective of bulk density and strength, SSA is prefer-
ably 3000 m*/g or less.

[0030] Bulk Density

[0031] The bulk density of the spherical activated carbon
used in the present invention is from 0.3 g/ml. to 0.8 g/mlL..
[0032] The upper limit of bulk density is preferably 0.75
g/mL or less and more preferably 0.70 g/ml. or less. The
lower limit of bulk density is 0.30 g/mL or more, preferably
0.40 g/ml. or more, more preferably 0.45 g/ml. or more,
even more preferably 0.48 g/mL. or more, and most prefer-
ably 0.50 g/mL or more. In the above range of bulk density,
indole adsorption ability particularly in the presence of bile
acid is excellent.

[0033] Furthermore, this is because a spherical activated
carbon having low bulk density has excellent adsorption
capacity for toxic substances, but, on the other hand, as bulk
density decreases, the yield of a spherical activated carbon
becomes worse, resulting in a decrease in economical viabil-
ity of the production of the activated carbon. Additionally,
when bulk density is too low, the spherical activated carbon
is readily crushed and does not maintain a spherical shape
because the strength of the spherical activated carbon
decreases. Furthermore, in this specification, bulk density pz
is the value obtained by dividing the dry weight W (g) of the
spherical activated carbon when the spherical activated
carbon is packed in a container by the volume V (mL) of the
packed spherical activated carbon, and can be obtained by
the following calculation formula.

Wi [Equation 1]
PB(gim) = m
[0034] The bulk density of the spherical activated carbon

is a good index for indicating the degree of activation.
Specifically, the lower the bulk density, the more activation
has proceeded. In the manufacturing process of the spherical
activated carbon, in steam activation to be described later,
relatively small pores are formed in the early phase of
activation, and the pore diameter increases as activation
proceeds, resulting in bulk density decreasing.

[0035] Average Particle Diameter

[0036] In this specification, an average particle diameter
means the particle diameter at a cumulative particle diameter
percentage of 50% on a volume standard cumulative particle
diameter distribution curve (Dv50).
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[0037] The range of average particle diameter of the
spherical activated carbon used for the adsorbent for oral
administration according to the present invention is not
particularly limited, but is preferably from 0.01 mm to 1
mm. When the average particle diameter of the spherical
activated carbon is less than 0.01 mm, the exterior surface
area of the spherical activated carbon increases and adsorp-
tion of beneficial substances such as digestive enzymes
readily occurs, which is undesirable. When the average
particle diameter exceeds 1 mm, the diffusion length of toxic
substances into the spherical activated carbon increases and
the adsorption rate decreases, which is undesirable. The
average particle diameter is preferably from 0.02 mm to 0.8
mm. This is because the spherical activated carbon having
an average particle diameter particularly from 50 to 200 pm
has excellent initial adsorption capacity, and in the general
residence period in the upper small intestine, can very
rapidly adsorb poisonous toxic substances in the body. A
more preferred range of average particle diameter is from 50
um to 170 pm, and an even more preferred range is from 50
um to 150 um.

[0038] Volume of Pores

[0039] According to the International Union of Pure and
Applied Chemistry (IUPAC), pores 2 nm or less are defined
as micropores, those from 2 nm to 50 nm are defined as
mesopores, and those 50 nm or more are defined as mac-
ropores.

[0040] In the present specification, for convenience,
“micropores” means pores having a pore diameter of less
than 3 nm. “Mesopores” means pores having a pore diameter
from 3 nm to 50 nm. The spherical activated carbon used as
the adsorbent for oral administration according to the pres-
ent invention has a relatively small volume of mesopores
compared to the volume of micropores. As a result, its indole
adsorption performance in the presence of bile acid is high.
[0041] Volume of Micropores

[0042] The volume of pores having a diameter of less than
3 nm of the spherical activated carbon is 0.30 mL/g or more,
preferably 0.35 ml./g or more, and more preferably 0.40
ml./g or more. Due to the volume of pores having a diameter
less than 3 nm being 0.30 mL/g or more, indole can be
adsorbed in large quantities. The upper limit of the volume
of pores having a diameter less than 3 nm is not limited as
long as the micropore/mesopore ratio is 3.0 or more, but it
is preferably 2.0 mL./g or less, and more preferably 1.5 ml./g
or less.

[0043] The volume of micropores having a diameter less
than 3 nm can be measured by the nitrogen adsorption
method, and can be analyzed by the Saito-Foley method
(called “SF method” hereinafter), the Horvath-Kawazoe
method, the density functional theory method, and the like,
but in the present invention, volume obtained by the SF
method, which assumes that pore shape is cylindrical, is
used.

[0044] Volume of Mesopores

[0045] The volume of pores having a diameter from 3 nm
to 50 nm of the spherical activated carbon is not particularly
limited, but is preferably 0.40 mL./g or less, more preferably
0.35 ml/g or less, and even more preferably 0.30 mL/g or
less. Due to the volume of pores having a diameter from 3
nm to 50 nm of the spherical activated carbon being 0.40
ml./g or less, adsorption of bile acid to mesopores can be
suppressed. It is thought that adsorption of bile acid to
mesopores inhibits adsorption of indole to micropores.
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Therefore, adsorption of indole to micropores is promoted
by suppressing adsorption of bile acid to mesopores. The
lower limit of the volume of pores having a diameter from
3 nm to 50 nm is not limited as long as the micropore/
mesopore ratio is 3.0 or more, but it is preferably 0.005 mL/g
or more, and more preferably 0.001 mL/g or more.

[0046] Micropore/Mesopore Ratio

[0047] The spherical activated carbon used in the present
invention has a ratio of volume of micropores relative to
volume of mesopores (also called “micropore/mesopore
ratio” hereinafter) of 3.0 or more. Specifically, the
micropore/mesopore ratio (Vm) determined by Formula (1):

Vin=Vmic/Vmet (€8]

[0048] wherein Vmic is the volume of pores having a
diameter less than 3 nm, and Vmet is the volume of pores
having a diameter from 3 nm to 50 nm; is 3.0 or more.
[0049] The micropore/mesopore ratio of the spherical acti-
vated carbon used in the adsorbent for oral administration of
the present invention is preferably 3.3 or more, more pref-
erably 3.5 or more, and even more preferably 4.0 or more.
The spherical activated carbon having a micropore/mes-
opore ratio of 3.0 or more can exhibit excellent indole
adsorption performance in the presence of cholic acid.
[0050] The upper limit of the micropore/mesopore ratio of
the spherical activated carbon used in the present invention
is not particularly limited, but is preferably 16 or less. This
is because the spherical activated carbon having a
micropore/mesopore ratio of greater than 16 often has a
volume of micropores having a diameter less than 3 nm of
less than 0.30 mI/g and its indole adsorption quantity is low.
This is also because it often has SSA of less than 800 m*/g
and the adsorbed quantity of toxic substances other than
indole may be low.

[0051] The spherical activated carbon used in the present
invention is not particularly limited, but it may be a surface-
modified spherical activated carbon having total acidic
group content of 0.30 meq or more, or it may be a surface-
unmodified spherical activated carbon having total acidic
group content of less than 0.30 meq. Regardless of whether
or not it has been surface-modified, the spherical activated
carbon of the present invention can exhibit excellent adsorp-
tion ability of toxic substances such as indole even in the
presence of bile acid.

[0052] A surface-unmodified spherical activated carbon is
a porous body obtained by performing activation treatment
after heat-treating a carbon precursor. It may be a spherical
activated carbon which has not subsequently undergone
surface modification treatment by oxidation treatment and
reduction treatment after activation treatment, or it may be
a spherical activated carbon obtained by performing heat
treatment in a non-oxidative atmosphere after the aforemen-
tioned activation treatment. From the perspective of func-
tional group configuration, a surface-unmodified spherical
activated carbon means a spherical activated carbon having
total acidic group content of less than 0.30 meq/g. The total
acidic group content is preferably 0.25 meq/g or less, and
more preferably 0.20 meq/g or less.

[0053] A surface-modified spherical activated carbon is a
porous body obtained by performing activation treatment
after heat-treating a carbon precursor, and then further
performing surface modification treatment by oxidation
treatment, or surface modification treatment by oxidation
treatment and reduction treatment. It can exhibit appropriate
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degrees of interaction with acids and bases. From the
perspective of functional group configuration, a surface-
modified spherical activated carbon means a spherical acti-
vated carbon having acidic centers of 0.30 meq/g or more.
In particular, a surface-modified spherical activated carbon
having total acidic group content of from 0.30 meg/g to 1.20
meq/g and total basic group content of from 0.20 meg/g to
0.9 meq/g is preferred because adsorption performance for
water-soluble toxins such as DL-f-aminoisobutyric acid is
high. In particular, the total acidic group content is prefer-
ably from 0.30 meq/g to 1.00 meq/g, and the total basic
group content is preferably from 0.30 meq/g to 0.70 meq/g.

[0054]

[0055] The diameter of the spherical activated carbon used
for the adsorbent for oral administration according to the
present invention is not particularly limited, but is preferably
0.01 mm to 1 mm, and more preferably from 0.02 mm to 0.8
mm. When the diameter of the spherical activated carbon is
less than 0.01 mm, the exterior surface area of the spherical
activated carbon increases and adsorption of beneficial sub-
stances such as digestive enzymes readily occurs, which is
undesirable. When the diameter exceeds 1 mm, the diffusion
length of toxic substances into the spherical activated carbon
increases and the adsorption rate decreases, which is unde-
sirable.

[0056]

[0057] The spherical activated carbon used for the adsor-
bent for oral administration of the present invention may use
any carbon-containing material as a carbon source.
Examples of carbon-containing materials that can be used
include synthetic resin and pitch. As the synthetic resin,
heat-fusible resin or heat-infusible resin may be used. Here,
heat-fusible resin is resin that ends up melting or decom-
posing as the temperature rises when activation treatment is
performed without infusibility treatment, and that cannot
yield an activated carbon. However, when activation treat-
ment is performed after infusibility treatment has been
performed, the heat-fusible resin can be used as an activated
carbon. In contrast, heat-infusible resin carbonizes without
melting as the temperature rises even when activation treat-
ment is performed without infusibility treatment, and can
yield an activated carbon. Furthermore, infusibility treat-
ment means, for example, oxidation treatment at a tempera-
ture from 150° C. to 400° C. in an atmosphere containing
oxygen, as will be described later.

[0058] A typical example of heat-fusible resin is thermo-
plastic resin, for example, crosslinked vinyl resin. On the
other hand, a typical example of heat-infusible resin is
thermosetting resin, examples of which include phenol resin
and furan resin. Among known thermoplastic resins and
thermosetting resins, any that can form spheres may be used.
Furthermore, the above-described infusibility treatment is
required when obtaining a spherical activated carbon from
crosslinked vinyl resin, whereas it is unnecessary when
obtaining a spherical activated carbon from ion exchange
resin produced by adding a functional group to crosslinked
vinyl resin. This is because crosslinked vinyl resin is con-
sidered to have been modified from heat-fusible resin to
heat-infusible resin by the introduced functional group or
functional group addition treatment. That is, crosslinked
vinyl resin is included among heat-fusible resins in this
specification, whereas ion exchange resin is included among
heat-infusible resins in this specification.

Diameter

Carbon Source
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[0059] The carbon source of the spherical activated carbon
used in the present invention is not particularly limited, but
the use of a synthetic resin is preferred due to its ease of
handling. Examples of synthetic resins include thermoset-
ting resins which are heat-infusible resins (for example,
phenol resin and furan resin) and ion exchange resins, which
are heat-infusible resins, and thermoplastic resins (for
example, crosslinked vinyl resin), which are heat-fusible
resins. Here, with thermosetting resins, voids are readily
formed in the spherical activated carbon and strength
decreases, and when crushed, there is the danger of it
piercing the intestines. With ion exchange resin, attention is
required when used in oral administration because the ion
exchange resin contains sulfur components, and the like.
Accordingly, use of a thermoplastic resin (for example,
crosslinked vinyl resin) as the carbon source of the spherical
activated carbon is more preferred.

[0060] Operations

[0061] The reason that the adsorbent for oral administra-
tion of the present invention exhibits excellent indole
adsorption ability even in the presence of cholic acid has not
been completely elucidated, but can be theorized as follows.
However, the present invention is not limited by the follow-
ing explanation.

[0062] FIG. 2 is a schematic diagram of indole adsorption
in the presence of cholic acid of the spherical activated
carbon used in the present invention and of a conventional
spherical activated carbon. Because the molecular weight of
indole is low, it is adsorbed by micropores of small pore
diameter. On the other hand, since the molecular weight of
cholic acid is high, it is adsorbed by mesopores of large pore
diameter. It is thought that in a conventional spherical
activated carbon, adsorption of cholic acid to mesopores
inhibits adsorption of indole to micropores. On the other
hand, since the spherical activated carbon of the present
invention has few mesopores, the adsorption of cholic acid
to mesopores is inhibited. For this reason, indole reaches the
micropores unencumbered by cholic acid, and can be
adsorbed by the micropores.

[0063] [2] Adsorbent for oral administration for treating or
preventing a renal disease or a liver disecase Because the
spherical activated carbon used for the adsorbent for oral
administration of the present invention has excellent adsor-
bance of liver disease aggravating factors and toxic sub-
stances in renal diseases, the spherical activated carbon may
be used as an adsorbent for oral administration for treating
or preventing a renal disease or may be used as an adsorbent
for oral administration for treating or preventing a liver
disease.

[0064] Examples of the renal disease include chronic renal
failure, acute renal failure, chronic pyelonephritis, acute
pyelonephritis, chronic nephritis, acute nephritic syndrome,
acute progressive nephritic syndrome, chronic nephritic
syndrome, nephrotic syndrome, nephrosclerosis, interstitial
nephritis, tubulopathy, lipoid nephrosis, diabetic nephropa-
thy, renovascular hypertension, and hypertension syndrome,
or secondary renal diseases attendant to these primary
diseases. Another example is pre-dialysis mild renal failure,
and it may be used in condition improvement of mild renal
failure before dialysis or condition improvement during
dialysis (see “Clinical Nephrology,” Asakura Publishing, N.
Honda, K. Koiso, K. Kurogawa, 1990 edition, and “Neph-
rology,” Igaku Shoin, T. Onomae, S. Fujimi, editors, 1981
edition). Examples of the liver disease include fulminant
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hepatitis, chronic hepatitis, viral hepatitis, alcoholic hepati-
tis, hepatic fibrosis, cirrhosis, hepatic cancer, autoimmune
hepatitis, drug-induced allergic hepatitis, primary biliary
cirrhosis, tremor, encephalopathy, metabolic disorder, and
functional disorder. Otherwise, it may also be used in
treatment of illnesses caused by toxic substances present in
the body, that is, mental illness and the like.

[0065] Therefore, when the adsorbent for oral administra-
tion according to the present invention is used as a medicine
for treating a renal disease, the adsorbent for oral adminis-
tration contains the above spherical activated carbon as an
active ingredient. When the adsorbent for oral administra-
tion of the present invention is used as a medicine for
treating a renal disease or a medicine for treating a liver
disease, the dosage thereof is influenced by whether the
subject of administration is a human or other animal, and by
age, individual differences, disease condition, or the like.
Therefore, depending on the case, a dosage outside the
following range may be appropriate, but in general, the
orally administered dosage in humans is from 1 g to 20 g per
day divided into three to four doses, and may be further
adjusted according to symptoms. The administered form
may be a powder, granules, tablet, sugar-coated pill, capsule,
suspension, stick, individual package, emulsion, or the like.
When ingested as a capsule, in addition to an ordinary
gelatin capsule, an enteric-coated capsule may be used as
necessary. When used as a tablet, it needs to be dissolved
into microparticles in the body. Additionally, it may be used
in the form of a complex blended with an electrolyte
modifier such as alumigel or Kayexalate, which are other
preparations.

[0066] [3] Method of Treating a Renal Disease or Liver
Disease
[0067] The spherical activated carbon used in the adsor-

bent for oral administration according to the present inven-
tion can be used in a method of treating or preventing a renal
disease or a liver disease. Therefore, the method of treating
a renal disease or a liver disease of the present invention is
characterized in that the above adsorbent for oral adminis-
tration containing the spherical activated carbon is admin-
istered in an effective dose to a renal disease or liver disease
treatment subject.

[0068] The administration route, dosage, administration
interval, and the like of the above spherical activated carbon
may be determined as appropriate in accordance with the
type of illness, the age, gender, and body weight of the
patient, the degree of symptoms, the dosing method, and the
like.

[0069] [4] A Spherical Activated Carbon for Use in
Method of Treating of Renal Disease or Liver Disease

[0070] The spherical activated carbon used in the adsor-
bent for oral administration according to the present inven-
tion can be used in a method of treating or preventing a renal
disease or a liver disease. Therefore, the spherical activated
carbon of the present invention is for use in a method of
treating or preventing a renal disease or a liver disease.

[0071] The amount and the like of the above spherical
activated carbon used in prevention or treatment may be
determined as appropriate in accordance with the type of
illness, the age, gender, and body weight of the patient, the
degree of symptoms, the dosing method, and the like.
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[0072] [5] Use of a Spherical Activated Carbon for Pro-
duction of a Medicine for Treating Renal Disease or Liver
Disease

[0073] The spherical activated carbon used in the adsor-
bent for oral administration according to the present inven-
tion can be used for producing a medicine for treating or
preventing a renal disease or a liver disease. Therefore, use
of the present invention is use of the spherical activated
carbon for producing a medicine for treating or preventing
a renal disease or a liver disease. The contained amount and
the like of the above spherical activated carbon in the
medicine for treatment or prevention may be determined as
appropriate in accordance with the type of illness, the age,
gender, and body weight of the patient, the degree of
symptoms, the dosing method, and the like.

[0074] [6] Use of a Spherical Activated Carbon for Treat-
ing Renal Disease or Liver Disecase

[0075] The spherical activated carbon used in the adsor-
bent for oral administration according to the present inven-
tion can be used for treating a renal disease or a liver disease.
Therefore, use of the present invention is use of the spherical
activated carbon for treating or preventing a renal disease or
a liver disease.

[0076] The amount and the like of the above spherical
activated carbon used in treatment or prevention may be
determined as appropriate in accordance with the type of
illness, the age, gender, and body weight of the patient, the
degree of symptoms, the dosing method, and the like.

EXAMPLES

[0077] The present invention will be described in detail
hereafter using examples, but these examples do not limit
the scope of the present invention.

[0078] The physical property values, namely average par-
ticle diameter, bulk density, specific surface area, volume of
pores, particle diameter distribution, total acidic group con-
tent, total basic group content, and indole adsorption test, of
the spherical activated carbon used for the adsorbent for oral
administration according to the present invention were mea-
sured by the following methods.

[0079] (1) Average Particle Diameter (Dv50)

[0080] The particle diameter at a cumulative particle
diameter percentage of 50% on a volume standard cumula-
tive particle diameter distribution curve created using a laser
diffraction-style particle size distribution analyzer (SALAD-
30008; Shimadzu Corp.) was used as the average particle
diameter (Dv50).

[0081] (2) Bulk Density

[0082] Measurement was performed in accordance with
the packing density measurement method of JIS K 1474-5.
7.2.

[0083] (3) Specific Surface Area (Specific Surface Area
Calculation Method by BET Method)

[0084] The gas adsorption quantity of a spherical activated
carbon sample can be measured using a specific surface area
analyzer that uses the gas adsorption method (for example,
ASAP2010 or ASAP2020; Micromeritics Corp.), and a
specific surface area can be calculated using the formula
below. Specifically, a sample tube is packed with the spheri-
cal activated carbon sample, and after vacuum-drying at
350° C., post-drying sample weight is measured. Then, the
sample tube is cooled to —196° C. and nitrogen is introduced
into the sample tube to adsorb nitrogen on the spherical
activated carbon sample, and the relationship between nitro-
gen partial pressure and adsorbed quantity (adsorption iso-
therm) is measured.
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[0085] A BET plot is created, with the relative pressure of
nitrogen taken as p and the adsorbed quantity at that time
taken as v (cm’/g STP). Specifically, the range of p from
0.05 to 0.20 is plotted with p/(v(1-p)) on the vertical axis
and p on the horizontal axis, and the specific surface area S
(units: m*/g) is determined by the following formula from
the slope b (units: g/cm®) and intercept ¢ (units: g/cm’) at
that time.

_ MAX(6.02x10%) [Equation 2]

T 22414x 108 x (b + )

[0086] Here, MA was 0.162 nm? by nitrogen atom cross-
sectional area.
[0087] (4) Volume of Micropores by Gas Adsorption

Method (Saito-Foley Calculation Formula)

[0088] The relationship between nitrogen partial pressure
and adsorbed quantity (adsorption isotherm) of a spherical
activated carbon sample was measured at liquid nitrogen
temperature (-196° C.) using a specific surface area ana-
lyzer that uses the gas adsorption method (ASAP2010 or
ASAP2020; Micromeritics Corp.). From the obtained
adsorption isotherm, pore distribution was calculated by the
Saito-Foley calculation formula (Saito, A. and Foley, H. C.,
AIChE Journal 37 (3), 429 (1991)) using analysis software
that comes with the aforementioned specific surface area
analyzer (ASAP2010 or ASAP2020; Micromeritics Corp.).
Pore shape analyzed by slit geometry was that obtained by
the original Horvath-Kawazoe calculation method (Horvath,
G and Kawazoe, K., J. Chem. Eng. Japan 16 (6), 470
(1983)), but since the structure of the carbon is a three-
dimensionally disarrayed structure of non-graphitizable car-
bon, calculation by cylinder geometry (Saito, A. and Foley,
H. C., AIChE Journal 37 (3), 429 (1991)) was chosen.

[0089] The various parameters used in the calculation are
as follows.

[0090] Interaction parameter: 1.56x10™* ergs-cm*
[0091] Diameter of adsorptive molecule: 0.3000 nm
[0092] Diameter of sample molecule: 0.3400 nm

[0093] Density conversion factor: 0.001547 (cm® liquid/
cm® STP)

[0094] (5) Volume of Mesopores by Mercury Penetration
Method

[0095] Volume of pores can be measured using a mercury

porosimeter (for example, Autopore 9200; Micromeritics
Corp.). The spherical activated carbon sample is put in a
sample container, and degassed for 30 minutes under pres-
sure not higher than 2.67 Pa. Then, mercury is introduced
into the sample container, pressure is gradually increased,
and the mercury penetrates into the pores of the spherical
activated carbon sample (maximum pressure: 414 MPa).
From the relationship between pressure and mercury pen-
etration quantity at this time, the pore volume distribution of
the spherical activated carbon sample is measured using the
calculation formulas below. Specifically, the volume of
mercury that penetrates the spherical activated carbon
sample is measured from a pressure equivalent to pore
diameter 21 pm (0.06 MPa) to the maximum pressure (414
MPa, equivalent to pore diameter 3 nm). In the calculation
of pore diameter, when mercury penetrates into the pores of
a cylinder having a diameter (D) at a pressure (P), a surface
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tension of mercury is balanced with a pressure acting on a
cross section of the pores and the following equation holds
true:

—aDy cos 0=m(D/2)>-P,
[0096] where the surface tension of mercury is taken as

“y” and the contact angle between mercury and the pore wall
is taken as “0”.

[0097] Therefore,
D=(-4y cos 0)/P.
[0098] In the present specification, the surface tension of

mercury is taken as 484 dyne/cm and the contact angle
between mercury and carbon is taken as 130 degrees. When
the pressure P is expressed in MPa and the pore diameter D
is expressed in pum, the relationship between the pressure P
and the pore diameter D is determined by using the follow-
ing formula: D=1.24/P. For example, the volume of pores
having a diameter in the range of from 20 nm to 10000 nm
is equivalent to the volume of mercury that penetrates at
mercury penetration pressure from 0.124 MPa to 62 MPa.
The volume of pores having a diameter in the range of from
7.5 nm to 15000 nm is equivalent to the volume of mercury
that penetrates at mercury penetration pressure from 0.083
MPa to 165 MPa. The volume of pores having a diameter in
the range of from 3 nm to 20 nm is equivalent to the volume
of mercury that penetrates at mercury penetration pressure
from 413 MPa to 62 MPa.

[0099] (6) Particle Diameter Distribution

[0100] The number particle diameter distribution was
measured using a laser diffraction-type particle size distri-
bution analyzer (SALAD-3000S; Shimadzu Corp.). The
typical particle diameter D of measured particle diameter
classification and the number of particles n in that measured
particle diameter classification were determined, and the
length average particle diameter Di and the weight average
particle diameter D, were calculated by the following for-
mulae.

Z(nD) [Equation 3]
D =
Zn
(D" [Equation 4]
[0101] (7) Indole Adsorption Test

[0102] An indole adsorption test and an indole adsorption
test in the presence of cholic acid were performed by the
following methods on the spherical activated carbons
obtained in the examples and comparative examples.

[0103] One gram of a dried spherical activated carbon was
accurately added to a container containing 900 mL of a
degassed indole solution having an indole concentration of
500 mg/L prepared as the second liquid of an elution test or
of a solution having an indole concentration of 500 mg/L.
and a sodium cholate concentration of 15 mmol/L.. Using an
elution test container, it was tested for 24 hours at 37° C. at
a paddle rotation rate of 50 rpm. 24 hours after the start of
the test, 10 mL was sampled, the spherical activated carbon
was filtered using a membrane filter, and the residual con-
centration of indole in the filtrate was measured by liquid
chromatography. The residual concentration of indole was
determined from a separately produced calibration curve,
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and based on this, the adsorbed quantity (mg/g) of indole per
gram of the spherical activated carbon was calculated from
the following formula.

Adsorbed quantity (mg/g) of indole per gram of the
spherical activated carbon=(500 (mg/L)-re-
sidual concentration (mg/L))x0.9 (L)/quantity of
the activated carbon (g)

Example 1

[0104] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of
195 pm.

[0105] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 1850 m*/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Example 2

[0106] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of
245 ym.

[0107] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
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This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 1790 m?/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Example 3

[0108] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce a spherical
porous synthetic resin having an average particle diameter of
197 pm.

[0109] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 1670 m*/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Example 4

[0110] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of
200 pm.

[0111] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
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and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 1280 m*/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Example 5

[0112] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of
165 pum.

[0113] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 850 m*/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Example 6

[0114] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of
250 pm.

[0115] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
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temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 900 m*/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Comparative Example 1

[0116] 4567 g of ion-exchanged water and 249 g of
methylcellulose were put in a 10-L polymerization vessel.
To this were added 481 g of styrene, 1119 g of 57% pure
divinylbenzene (57% divinylbenzene and 43% ethylvinyl-
benzene), 9.3 g of 2,2'-azobis(2,4-dimethylvaleronitrile),
and 560 g of hexane as a porogen, and the interior of the
system was then replaced with nitrogen gas. This two-phase
system was heated to 55° C. while stirring to disperse and
suspend, and then held in that state for 20 hours. The
obtained resin was washed with water and filtered, and then
dried for 16 hours at 200° C. under nitrogen flow, to produce
spherical porous synthetic resin having an average particle
diameter of 157 pm.

[0117] The obtained spherical porous synthetic resin was
put in a reactor with a grating, and infusibility treatment was
performed in a vertical tube furnace. As the infusibility
treatment, dry air was made to flow from bottom to top of
the reaction tube, and after heating to 180° C., the tempera-
ture was raised from 180° C. to 240° C. in 3 hours, and then
held at 240° C. for 1 hour. The temperature was then raised
from 240° C. to 260° C. in 1 hour and held at 260° C. for 5
hours, and then raised from 260° C. to 300° C. in 2 hours and
held at 300° C. for 1 hour, and spherical porous oxidized
resin was thereby obtained. This spherical porous oxidized
resin was heated in a nitrogen atmosphere at 850° C., and
then, using a fluidized bed, activation treatment was per-
formed in a nitrogen atmosphere containing steam until the
BET specific surface area reached 2660 m*/g, and a spheri-
cal activated carbon was thereby obtained.

Comparative Example 2

[0118] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 432 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 675 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of
189 um.

[0119] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
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ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 240° C. in 3 hours,
and then held at 240° C. for 1 hour. The temperature was
then raised from 240° C. to 260° C. in 1 hour and held at
260° C. for 5 hours, and then raised from 260° C. to 300° C.
in 2 hours and held at 300° C. for 1 hour, and spherical
porous oxidized resin was thereby obtained. This was heat
treated at 850° C. in a nitrogen atmosphere, and a spherical
carbon of bulk density 0.75 g/ml was obtained. Using a
fluidized bed, activation treatment was performed on the
obtained spherical carbon at 850° C. in a nitrogen atmo-
sphere containing steam until the BET specific surface area
reached 1650 m*/g, and a spherical activated carbon was
thereby obtained. The characteristics of the obtained spheri-
cal activated carbon are shown in Table 1.

Comparative Example 3

[0120] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of
170 pm.

[0121] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 850° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 2050 m*/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Comparative Example 4

[0122] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
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375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of

164 um.

[0123] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 540 m?*/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.

Comparative Example 5

[0124] 4338 g of ion-exchanged water, 6 g of sodium
nitrite, and 169 g of 4 wt % aqueous solution of Metalose
60SH-15 (manufactured by Shin-Etsu Chemical Co., Ltd.)
were put in a 10-L. polymerization reactor. To this were
added 582 g of styrene, 393 g of divinylbenzene (57%
divinylbenzene and 43% ethylvinylbenzene), 525 g of acry-
lonitrile, 8.7 g of 2,2'-azobis(2,4-dimethylvaleronitrile), and
375 g of hexane as a porogen, and the interior of the system
was then replaced with nitrogen gas. This two-phase system
was heated to 55° C. while stirring to disperse and suspend,
and then held in that state for 20 hours. The obtained resin
was washed with water and filtered, and then dried for 16
hours at 200° C. under nitrogen flow, to produce spherical
porous synthetic resin having an average particle diameter of

169 um.

[0125] The obtained spherical porous synthetic resin was
put in a reaction tube with a grating, and infusibility treat-
ment was performed in a vertical tube furnace. As the
infusibility treatment, dry air was made to flow from bottom
to top of the reaction tube, and after heating to 180° C., the
temperature was raised from 180° C. to 290° C. in 9 hours,
and spherical porous oxidized resin was thereby obtained.
This was heat treated at 850° C. in a nitrogen atmosphere,
and a spherical carbon of bulk density 0.83 g/ml. was
obtained. Using a fluidized bed, activation treatment was
performed on the obtained spherical carbon at 900° C. in a
nitrogen atmosphere containing steam until the BET specific
surface area reached 340 m?/g, and a spherical activated
carbon was thereby obtained. The characteristics of the
obtained spherical activated carbon are shown in Table 1.
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TABLE 1
Volume of
BET Volume of  pores having Indole adsorption Indole adsorption
specific  Average  pores having a diameter ~ Micropore/ quantity in quantity in
Bulk  surface  particle a diameter  from 3 nm to mesopore presence of cholic absence of cholic
density  area diameter less than 3 nm 50 nm ratio acid (24 h) acid (24 h)

Example 1 0.461 1850 98 0.84 0.28 3.00 310 395
Example 2 0.482 1790 130 0.84 0.25 3.36 344 390
Example 3 0.509 1670 102 0.76 0.20 3.80 349 379
Example 4 0.585 1280 107 0.60 0.09 6.67 360 369
Example 5 0.671 850 92 0.39 0.03 13.0 320 335
Example 6 0.700 920 144 0.42 0.04 10.5 338 343
Comparative 0.300 2660 77 1.45 1.04 1.39 221 396
Example 1

Comparative 0.439 1650 104 0.74 0.37 1.89 202 380
Example 2

Comparative 0.426 2050 93 0.93 0.40 2.33 275 392
Example 3

Comparative 0.770 540 94 0.25 0.01 25.0 140 152
Example 4

Comparative 0.820 340 100 0.16 0.01 16.0 30 51
Example 5

[0126] As shown in Table 1, the spherical activated carbon hepatitis, drug-induced allergic hepatitis, primary biliary

of Examples 1 to 6, which had a BET specific surface area
of 800 m? or more, a bulk density of from 0.3 g/mL to 0.8
g/mL, a volume of pores having a diameter less than 3 nm
ot 0.3 mL/g or more, and a micropore/mesopore ratio of 3.0
or more, exhibited excellent indole adsorption ability in the
presence of cholic acid. However, the spherical activated
carbon of Comparative Examples 1 to 5, which did not have
the above-mentioned physical properties, exhibited a certain
indole adsorption ability in the absence of cholic acid, but
indole adsorption ability in the presence of cholic acid was
markedly lower.

INDUSTRIAL APPLICABILITY

[0127] The adsorbent for oral administration of the present
invention may be used as an adsorbent for oral administra-
tion for treating or preventing a renal disease or may be used
as an adsorbent for treating or preventing a liver disease.

[0128] Examples ofthe renal disease include chronic renal
failure, acute renal failure, chronic pyelonephritis, acute
pyelonephritis, chronic nephritis, acute nephritic syndrome,
acute progressive nephritic syndrome, chronic nephritic
syndrome, nephrotic syndrome, nephrosclerosis, interstitial
nephritis, tubulopathy, lipoid nephrosis, diabetic nephropa-
thy, renovascular hypertension, and hypertension syndrome,
or secondary renal diseases attendant to these primary
diseases. Another example is pre-dialysis mild renal failure,
and it may be used in condition improvement of mild renal
failure before dialysis or condition improvement during
dialysis (see “Clinical Nephrology,” Asakura Publishing, N.
Honda, K. Koiso, K. Kurogawa, 1990 edition, and “Neph-
rology,” Igaku Shoin, T. Onomae, S. Fujimi, editors, 1981
edition). Examples of the liver disease include fulminant
hepatitis, chronic hepatitis, viral hepatitis, alcoholic hepati-
tis, hepatic fibrosis, cirrhosis, hepatic cancer, autoimmune

cirrhosis, tremor, encephalopathy, metabolic disorder, and
functional disorder. Otherwise, it may also be used in
treatment of illnesses caused by toxic substances present in
the body, that is, mental illness and the like.
[0129] The present invention has been described above
using specific modes of embodiment, but modifications and
improvements apparent to persons having ordinary skill in
the art are also included in the scope of the present invention.
1. An adsorbent for oral administration comprising a
spherical activated carbon, wherein the activated carbon has
a specific surface area determined by the BET method of 800
m?/g or more, a bulk density of from 0.3 g/mL to 0.8 g/mL,
a volume of pores having a diameter less than 3 nm of 0.3
ml./g or more, and a micropore/mesopore ratio (Vm) deter-
mined by Formula (1):

Vin=Vmic/Vmet (€8]

wherein Vmic is a volume of pores having a diameter less
than 3 nm, and Vmet is a volume of pores having a
diameter from 3 nm to 50 nm;

of 3.0 or more.

2. The adsorbent for oral administration according to
claim 1, wherein an average particle diameter of the spheri-
cal activated carbon is from 50 um to 200 um.

3. The adsorbent for oral administration according to
claim 1, wherein the spherical activated carbon is prepared
from a crosslinked vinyl resin as a carbon source.

4. An agent for treating or preventing a renal discase
comprising, the adsorbent for oral administration according
to claim 1 as an active ingredient.

5. An agent for treating or preventing a liver disease
comprising, the adsorbent for oral administration according
to claim 1 as an active ingredient.
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