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Abstract
Background: Although medicinal carbon (MC) is useful to treat intoxications caused by orally taken toxic
chemicals or toxins, high dose of MC is a burden on patients and sticks to oral mucosa or throat. A tablet
dosage form of MC is useful to solve such problems.  Fast-disintegration, adequate hardness, and quick
and high-adsorption potential are required for MC tablets. Method: A modified wet compression method
using carboxymethylcellulose sodium (CMC-Na) solution as binder solution was newly developed.  Cros-
carmellose sodium (CC-Na) was used as a disintegration agent.  MC granules, binder solution, and MC
granules were placed in the cylinder in that order, and the resultant mass was compressed.  The obtained
tablets were examined for hardness, disintegration rate, and acetaminophen adsorption profiles. Results:
The tablets, produced with MC granules containing CMC-Na and CC-Na at 10% each and using 280μL of
2.5% (w/w) CMC-Na binder solution in compression, showed adequate hardness (more than 4kg), short
disintegration time (less than 6 min), and almost the same acetaminophen adsorption profile as intact MC
powder. Conclusion: The modified wet compression with CMC-Na and CC-Na is suggested to be useful to
obtain MC tablets with good quality. 
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Introduction

Medicinal carbon (MC), being a fine activated charcoal
powder, is used clinically to treat intoxications, caused
by orally administered toxic chemicals, toxins gener-
ated in the gastrointestinal tract, and drug overdose1–5,
or to remove waste products from the bloodstream6,7.
As MC is highly safe and low in price, and causes no
emergence of drug-resistant strains of bacteria, it is
clinically available to treat intoxication and to remove
waste products. However, very high doses of MC usually
need to be administered orally for achievement of suffi-
cient efficacy1,5, which is often a burden on patients.
Also, as MC powder sticks to oral mucosa or throat,
patients have trouble swallowing it8,9. In addition, as PC
powder is easily dispersed in the air, it is troublesome to
quantify or carry. Therefore, it is important to develop
dosage forms for MC, which facilitate administration

and operation of MC. Tablets and granules are consid-
ered to be useful, because they can be swallowed easily
and can be carried readily because of their compacted
dosage forms. Previously, we developed MC tablets as a
compacted dosage form using a sugar alcohol, maltitol,
as the binding agent8,9.

It is essential for enhancement of patients’ quality of
life to make their mass as small as possible. Also, it is
necessary for obtaining high-quality tablets to maintain
the adsorption capacity of MC as much as possible.
Generally, preparative methods (e.g., wet compression
and direct compression) and binding agents signifi-
cantly influence the tablet quality8–10. Gavrilov et al.10

reported that the conventional wet granulation method
did not necessarily give MC tablets with sufficient
strength and that homogenous distribution of the bind-
ing agent through the tablet was very important to
achieve a tablet with good strength. Furthermore, they
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reported that binding agents such as starch and sorbitol
reduced the adsorption capacity of MC. We also found
that hydroxypropylcellulose reduced the adsorption
capacity markedly and even maltitol did to a lesser
extent8,9. On the contrary, it was reported that carboxy-
cellulose sodium (CMC-Na) functioned as a strong
binding agent and hardly reduced the adsorption
capacity of MC10. Therefore, CMC-Na was considered
to be adequate as a binding agent for the preparation of
tablets with good quality. However, the simple wet
compression method with CMC-Na exhibited a slow
disintegration property, and tablets could not be
produced by the conventional wet granulation method
using CMC-Na9. Therefore, in this study, to obtain
good-quality tablets, we attempted a novel tablet pro-
duction method, named modified wet compression
method, in which CMC-Na was used as the binding
agent. The tablets were characterized for hardness, dis-
integration rate, and adsorption features.

Materials and methods

Materials

MC of Japanese Pharmacopoeia 14 grade was obtained
from Kenei Pharmaceutical Co. Ltd. (Osaka, Japan).
CMC-Na was purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan) and used as a binding
agent. Croscarmellose sodium (CC-Na) was obtained
from Asahi Kasei Corp. (Tokyo, Japan) and used as a
disintegrating agent. Acetaminophen (AA) was pur-
chased from Sigma (St. Louis, USA), and used as a drug
for adsorption studies11,12.

Preparation of MC tablets

MC tablets were prepared by the conventional wet
granulation method and modified wet compression
method using CMC-Na and CC-Na as a binding agent
and a disintegrating agent, respectively.

Conventional wet granulation method
After CMC-Na (3 g) was dissolved in 60 mL of water, the
resultant liquid was mixed with MC at the CMC-Na/MC
ratio of 10:1 (w/w), and kneaded sufficiently manually.
The resultant wet mass was manually granulated with
an 18-mesh sieve and dried at room temperature for
7 days. After the dried granules were screened with a
50-mesh sieve, 250 mg of the granules remaining on the
sieve was compressed at 2, 4, 6, and 8 kN for 30 seconds
using an SSP-10A manual press (Shimadzu Corp.,
Kyoto, Japan) and at 10 kg/cm2 using a Hand Press H-10
manual press (Shimadzu Corp.) to yield tablets 10 mm
in diameter (Figure 1).

Modified wet compression method
The granules were prepared in the same manner as
stated above in the wet granulation method. The gran-
ules remaining on a 50-mesh sieve (125 mg) were
placed in a cylinder (10 mm inner diameter), and a
binder solution, aqueous solution of 2.5% (w/v) CMC-
Na (250, 280 or 300 μL), was dropped on the granules in
the cylinder. Then, the granules remaining on a 50-
mesh sieve (125 mg) were added to the granules and
binder solution in the cylinder. The resultant materials
in the cylinder were compressed at 2, 4, 6, and 8 kN for
30 seconds using an SSP-10A manual press (Shimadzu
Corp.) and at 10 kg/cm2 using a Hand Press H-10 man-
ual press (Shimadzu Corp.) to obtain tablets 10 mm in
diameter (Figure 1).

In addition, tablets with CC-Na were produced as
follows: First, granules containing CC-Na at 10% (w/w)
of MC were prepared. Namely, MC and CC-Na were
mixed and kneaded with CMC-Na binder solution at
the MC/CMC-Na/CC-Na ratio of 10:1:1 (w/w). Then,
the resultant wet mass was granulated in the same man-
ner as described above. The obtained granules were
processed according to the modified wet compression
method in the same manner as described above to
obtain the tablets 10 mm in diameter.

Tablet characteristics

MC tablets were evaluated for hardness and disintegration
time in order to evaluate the tablet qualities as follows:

Hardness
The side of the tablet was sandwiched between the flat
plates of a Kiya-type digital hardness meter (Fujiwara
Scientific Co., Ltd., Tokyo, Japan), and the stress was
increased gradually. The force immediately before
the crash of the tablet was measured as tablet hard-
ness (n = 5).

Disintegration time
The disintegration time was measured using a Model
NT-60H disintegration tester (Toyama Sangyo Co., Ltd.,
Osaka, Japan) (n = 5). Water (800 mL) at 37°C was used
as a test medium.

Test of adsorption capacity

Immediately before the adsorption test, the moisture
levels of powder and tablets were measured with an
infrared moisture determination balance FD-230 (Kett
Electric Laboratory, Tokyo, Japan) to compare their
adsorption rate and capacity under the conditions of
the same content of MC.

A JP 14 dissolution apparatus for the paddle
method (Toyama Sangyo Co.) was used in this
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experiment. After AA (60 mg) was dissolved in
100 mL of water at 37°C, the medium was stirred at
60 rpm at 37°C. Then, an MC tablet or MC powder of
the same amount as MC contained in the tablet was put
in the medium. At appropriate time points, aliquot sam-
ples (1 mL) were withdrawn and centrifuged at 1500 × g
for 10 minutes. The supernatant (500 μL) was diluted 50
times with purified water, and the solution was measured
spectrophotometrically at 243 nm to determine the
amount of non-adsorbed (free) AA.

Statistical analysis

For statistical analysis, a comparison was made using
the unpaired t-test, and significant difference was set as
P < 0.05.

Results and discussion

Preparation conditions and tablet characteristics

In the wet granulation method, granules are well
formed, but tablets are not formed by compressing the
granules under each compression condition. Once the
granules were broken by compression, the resultant
powder appeared not to bind together, probably

because the binder was insufficient in quantity or not
distributed homogenously. Similar phenomena were
reported to be observed in the wet granulation method9.
On the contrary, in modified wet compression, the tab-
lets are well formed by the compression at 10 kg/cm2. In
this condition, it was considered that the binder liquid
should spread throughout the granules and the granules
could bind together because of low pressure. Under
other compression conditions (2–8 kN), tablets of suffi-
cient strength were not produced, probably because the
granules were broken by compression and compression
pressure was too high to bind together.

When granules made using the mixture of MC and
CMC-Na (10:1, w/w) and 280 μL of 2.5% (w/w) CMC-
Na binder solution were used in modified wet com-
pression, tablets of good quality could be obtained. In
this tableting condition, the whole tablet displaying a
uniformly wet state was produced without leakage of
liquid, probably because the binder liquid of appropri-
ate volume permeates all the granules under this com-
pression condition. Such tablets could be obtained
reproducibly. Compression with the addition of less
CMC-Na binder solution tended to provide low-strength
tablets. The addition of less CMC-Na binder solution was
considered not to provide sufficiently wet conditions,
leading to poor tablet formation. Furthermore, the

Figure 1. Preparative procedure of the tablets by conventional wet granulation method and modified wet compression method.
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binder solution leaked when more (>280 μL) was
added to the granules, which could not give tablets of a
certain quantity. Thus, the use of granules made with a
particular ratio of MC/CMC-Na (10:1, w/w) and the
addition of 280 μL of 2.5% (w/w) CMC-Na solution
(binder solution) was found to be suitable for modified
wet compression. The tablets with and without CC-Na
were prepared by the modified wet compression
method. The obtained tablets had a size of 10 mm in
diameter and 5 mm in thickness and were used for the
following in vitro studies.

The hardness of the tablets with and without CC-Na
is shown in Figure 2. Tablets without CC-Na showed
high hardness of 8.67 kg, whereas tablets prepared by
the addition of CC-Na at 10% (w/w) of MC exhibited
hardness of 4.94 kg. Therefore, the addition of CC-Na
reduced tablet strength significantly (P < 0.001), but CC-
Na-containing tablets were sufficiently hard (4.94 kg).
The disintegration characteristics of the tablets with
and without CC-Na are shown in Figure 3. The tablets

with and without CC-Na exhibited 5.4 and 7.1 min-
utes, respectively. The addition of CC-Na reduced the
disintegration time significantly (P < 0.01). The disin-
tegration time of these tablets appeared to be shorter
than that of the tablets produced by Gavrilov et al.10,
who prepared tablets by the dry mixing–wet granula-
tion technique. In the modified wet compression
method, even though the granules were broken by
compression, the binder solution added between two
layers of granules was considered to cause the gran-
ule-derived powder to bind together again, resulting
in good tablet hardness. Thus, the addition of CC-Na
was considered to be better because it caused no
problems with hardness and faster disintegration was
achieved13–15.

Adsorption properties of tablets

Original MC powder had moisture content of approxi-
mately 10% (w/w) under an air atmosphere condition.
The produced granules were kept in air after prepara-
tion. They displayed moisture content of approximately
10% (w/w) 7 days after preparation, and the moisture
level changed little since 7 days after preparation.
Therefore, the granules, left under air atmosphere
7 days after preparation, were used for tableting. The
tablets with or without CC–Na had moisture levels of
approximately 30% and 28% (w/w), respectively, 7 days
after tableting (Figure 4) and then their moisture levels
changed little. Given these features for the moisture of
MC powder and tablets, the adsorption test was per-
formed on 7 days after their production. MC powder
and tablets were examined for their moisture levels
immediately before the adsorption test. The net amount
of MC powder was determined based on the moisture.
Also, the net amount of MC was calculated from the
subtraction of the contents of the moisture and addi-
tives including CMC-Na (7 mg) contained in additional

Figure 2. Effect of CC-Na on hardness of the tablets produced by
modified wet compression method. The results are expressed as the
mean ± SD (n = 5).

0

2

4

6

8

10

Tablet without
CC-Na

Tablet with
CC-Na

H
ar

dn
es

s 
(k

g)

Figure 3. Effect of CC-Na on disintegration time of the tablets by
modified wet compression method. The results are expressed as the
mean ± SD (n = 5).
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Figure 4. Moisture levels of the tablets without and with CC-Na 7
days after their production. The results are expressed as the mean ±
SD (n = 3).

0

5

10

15

20

25

30

35

M
oi

st
ur

e 
co

nt
en

t (
%

, w
/w

)

Tablet without
CC-Na

Tablet with
CC-Na



Novel medicinal carbon tablets 1337

binder solution (280 μL) from the tablet amount using
the following equations.

The tablet or MC powder equivalent to the MC con-
tained in the tablet was put in the medium containing
AA, and adsorption of AA by MC was examined. At 10
minutes, MC powder adsorbed 72% of the amount of
AA adsorbed at 24 hours, but the tablets without CC-Na
adsorbed only 31% of the amount of AA adsorbed at 24
hours (Figure 5A). The adsorption portion was signifi-
cantly lower in tablets without CC-Na than in MC pow-
der at least for the initial 1 hour. On the contrary, the
tablet with CC-Na exhibited a quite different adsorption
profile from the tablet without CC-Na. As shown in
Figure 5B, the tablet with CC-Na exhibited almost the
same adsorption profile as that of MC powder. Namely,
at 10 minutes, the tablet with CC-Na adsorbed 71% of
the amount of AA adsorbed at 24 hours, and then the
amount of AA adsorbed was not different from that in
MC powder. These results suggested that the tablet with
CC-Na should have a quick and good adsorption poten-
tial, whereas the tablet without CC-Na should lack
quick adsorption to a certain extent. The addition of
CC-Na accelerated tablet disintegration (Figure 3),
which appeared to partly contribute to the quick
adsorption features of the tablet with CC-Na. In the

disintegration and adsorption tests, the particles gener-
ated by disintegration were observed to be finer in the
tablets with CC-Na than in the tablets without CC-Na.
As the finer particles were considered to present larger
surface area, this might be a major reason that the ini-
tial adsorption was fairly different between the tablets
with and without CC-Na in spite of the small difference
in their disintegration time, which was approximately 2
minutes. These results indicated that the tablets with
CC-Na could not only disintegrate rapidly but also
exhibit quick and high adsorption potential.

Conclusion

MC tablets containing CMC-Na as a binding agent were
produced by the conventional wet granulation method
and modified wet compression method. In the modified
wet compression, first, granulation of MC was conducted
by addition of CMC-Na with or without CC-Na at the ratio
of 10% (w/w) to the amount of MC. Then, the granules
were put twice in the cylinder, in which the CMC-Na
binder solution was added between the first and the sec-
ond sets of the granules, and then the mass was com-
pressed. Conventional wet granulation could not form
tablets, but the modified wet compression gave good-
quality tablets, that is, hardness of more than 4 kg and dis-
integration time of less than 8 minutes. The tablets with
CC-Na disintegrated faster and showed almost the same
AA adsorption profile as MC powder of an equivalent
amount. The modified wet compression method is sug-
gested to be useful in obtaining MC tablets of good quality.

Declaration of interest: The authors report no conflicts
of interest.

Net MC content of tablet without CC-Na (mg) 

= [tablet weighht  (1  moisture content)  7] 0.9× ×− − (1)

Net MC content of tablet with CC-Na (mg) 

= [tablet weight ×× × (1  moisture content)  7]  0.818− −
(2)

Figure 5. Adsorption profiles of AA by MC powder and tablets at the equivalent content of MC. (A) Comparison between MC powder and tablets
without CC-Na (net MC content = 166 mg). (B) Comparison between MC powder and tablets with CC-Na (net MC content = 140 mg). Each point
represents the mean ± SD (n = 5). *P < 0.001 versus MC powder.
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