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ABSTRACT

Lol ale RETale M@)o EIMIIYE Due to its porous structure and high adsorption capacity,
activated charcoal is widely used in pharmaceutical formulations, including capsules, to

reduce gastrointestinal absorption of toxins. Considering the limited domestic production and
dependence on imported products, this study aimed to formulate and evaluate a locally
produced activated charcoal capsule and compare it with a commercial product.

The physicochemical properties of the activated charcoal powder,
including acid-soluble substances, chloride, sulfate, sulfide, cyanide compounds, and heavy
metals, were assessed according to BP and USP pharmacopeial standards. In addition,
Brunauer—-Emmett—Teller (BET) analysis was performed to determine surface area and
adsorption capacity. Capsules were prepared in powder and granule forms, and were
subsequently subjected to pre-formulation tests, including flowability and density, as well as

harmaceutical evaluations such as content uniformity and disintegration time.

s The activated charcoal powder demonstrated acceptable physicochemical quality,
and impurity levels were within pharmacopeial limits. The iodine number confirmed the high
adsorption capacity of the sample. Powder-based capsules, with a surface area of 675 m2/g,
showed greater adsorption capacity than granules (364 m2(g); however, the granulation
process successfully optimized the formulation’s flowability and density. The produced
capsules were comparable to the commercial product in terms of content uniformity and

disintegration time.

m The formulated activated charcoal capsules met pharmacopeial standards and

Received: 9 March 2025 exhibited appropriate performance. The higher adsorption capacity of the powder-based

ig\clésetg:d-l?zsl\lﬁ\x%gs capsules suggests a potential therapeutic advantage. Overall, the findings indicate the
plec: feasibility of domestic production and its potential role in reducing reliance on imported

activated charcoal products.

PEIEE Activated charcoal, Capsule, Physicochemical properties, Adsorption capacity.
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Introduction

ctivated charcoal, derived from natural
sources such as coconut shells, wood, and
other carbon-rich materials, is a highly porous
and crystalline adsorbent with a vast surface
area. Its unique structure enables it to effectively adsorb
toxins, pollutants, and chemicals, making it a valuable
material in various industries, including pharmaceuticals,
water purification, and medical treatments (1, 2). In the
pharmaceutical sector, activated charcoal is primarily
utilized in oral formulations, such as capsules and tablets,
to reduce the absorption of toxins and harmful substances
in the gastrointestinal tract. It is particularly effective in
treating cases of poisoning, drug overdose, and
gastrointestinal disorders like bloating, flatulence, and
diarrhea (3, 4).
The adsorption capacity of activated charcoal is influenced
by several factors, including particle size, surface area,
pore structure, and functional groups on its surface. A
higher surface area generally correlates with greater
adsorption efficiency, providing more active sites for toxin
binding (5). Activated charcoal is available in various
forms, such as powder, granules, and tablets, each tailored
to specific industrial and medical applications. For
instance, powdered activated charcoal is often preferred for
its rapid adsorption properties, while granular forms are
favored in industrial settings due to their ease of handling
and flowability (6).
Despite the increasing demand for activated charcoal
products, many countries, including Iran, face challenges
in domestic production, leading to a heavy reliance on
imported products. This dependency increases costs, and
limits access to high-quality and affordable treatments.
Therefore, developing the capability to produce high-
quality activated charcoal capsules domestically is crucial
for reducing import dependency, lowering costs, and
improving accessibility to essential medical treatments.
This study aimed to evaluate the physicochemical
properties of activated charcoal and develop oral capsules
using domestically sourced materials. The produced
capsules were compared with a commercially available
foreign product to assess their quality, efficacy, and
potential for therapeutic use.

Methods

The study was conducted in several stages, beginning
with evaluating the physicochemical properties of
activated charcoal powder. The parameters assessed
included acid-soluble substances, chloride content, sulfate,
sulfide, cyanide compounds, heavy metals, and iodine
number, all of which were analyzed according to the
standards outlined in the British Pharmacopoeia (BP) and
the United States Pharmacopeia (USP). These tests ensured
that the activated charcoal met the required safety and
quality standards for pharmaceutical use.

To further evaluate the activated charcoal adsorption
capacity, Brunauer-Emmett-Teller (BET) analysis was
conducted to determine the surface area, pore volume, and
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pore diameter. These parameters provide insight into the
material’s ability to adsorb toxins and other substances.

Capsules were prepared in two forms: powder and
granules. Granules were produced using a wet granulation
process to improve flowability and compressibility. Pre-
formulation tests were conducted to evaluate the physical
properties of the materials, including flowability
(measured by the angle of repose), density (bulk and
tapped density), and compressibility (determined using
Carr’s index and Hausner’s ratio). These tests are essential
for ensuring that the materials can be efficiently processed
into capsules.

Pharmaceutical tests were conducted to evaluate the
quality of the produced capsules. These tests included
assessing weight uniformity to ensure consistent dosing
and measuring disintegration time using a disintegration
apparatus in distilled water at 37°C. Disintegration time is
a crucial parameter, as it determines the rate at which the
capsule releases its active ingredient in the gastrointestinal
tract.

The results from the domestically produced capsules
were compared with those of a commercially available
foreign product (activated charcoal country life) to assess
their quality and efficacy.

Results

The activated charcoal powder used in this study met all
quality standards, with no harmful impurities detected. The
acid-soluble residues were measured at 35 mg, within the
permissible limits, while the chloride content was 0.25
mg/L, well below the acceptable threshold. Additionally, no
detectable levels of sulfate, sulfide, cyanide, or heavy metals
were observed, confirming the safety and purity of the
material.

The iodine number, a key indicator of adsorption capacity,
was measured at 719 mg/g for the powder form and 520
mg/g for the granules. These values confirm the high
adsorption capacity of the activated charcoal, particularly in
its powdered form. BET analysis revealed a surface area of
675 m?/g for the powder and 364 m?/g for the granules.
While the foreign product exhibited a higher surface area of
1198 m#g, the domestically produced powder still
demonstrated excellent adsorption properties.

Pre-formulation tests showed that the granules had better
flowability, with an angle of repose of 15.69°, compared to
17.07° for the powder. Similarly, the compressibility of the
granules was superior, with a Carr’s index of 18.64%,
compared to 33.27% for the powder. These properties make
granules more suitable for industrial processing and capsule
production.

Pharmaceutical tests confirmed that the produced capsules
met the required standards for weight uniformity and
disintegration time. The weight of the powder capsules
averaged 267.7 mg, while the granule capsules averaged
266.4 mg, both within acceptable limits. The disintegration
time for the powder capsules ranged from 1.55 to 3.43
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minutes, and for the granule capsules, it ranged from 2.02 to
3.30 minutes. These results were comparable to the
commercial product, which had an average weight of 276.7
mg and a disintegration time of 2.56 to 4.30 minutes.

Conclusion

The activated charcoal capsules produced in this study met
all quality standards and demonstrated high efficacy, making
them suitable for therapeutic use. Powder-based capsules,
with their superior adsorption capacity, are ideal for treating
poisoning and gastrointestinal disorders, while granules are
better suited for industrial applications.

Domestic production of these capsules is economically
viable and can significantly reduce reliance on imported
products, improving accessibility to affordable and effective
treatments. Future studies should focus on optimizing the
production process, such as by incorporating automated
capsule-filling methods and exploring alternative activation
techniques to enhance the quality and efficiency of activated
charcoal products.
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