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Background: Activated charcoal (AC) is recommended for treatment of acute poisoning, thereby decreasing gastrointestinal
tract absorption. AC from different sources may have different adsorptive capacity. The AC that is available in Thailand has
not been proven yet for its efficacy. The authors simulated paracetamol overdose model for the present study.

Objective: To assess the efficacy of AC that is available in Thailand in decreasing absorption of paracetamol at supra-
therapeutic dose.

Material and Method: This was a two-arm, prospective, crossover study. Washout period was 1 week. Tvelve healthy male
volunteers participated. All volunteers were randomly assigned to either sequence of control-experiment (CE) or EC. The
participants ingested 60 mg/Kg of paracetamol at Time = 0. At Time = 0.25 hour; they ingested 50 g of AC as slurry with 250
ml of water when they were assigned as E, but drank 250 mL of water when were assigned as C. Blood samples were serially
collected for determination of paracetamol concentration and calculating pharmacokinetic parameters, area under the time-
concentration curve (AUC (0,<)).

Results: Means of the AUC (0,o<) were 313.7 + 29.8 and 184.8 + 91.6 mg-h/L in the control and experimental arm,

respectively. It was statistically different (p = 0.01).

Conclusion: The tested AC was found to be able to reduce the absorption of the supratherapeutic dose of paracetamol.
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Gastrointestinal decontamination is an initial
step in treating poison exposure patients. Sufficient
gastrointestinal decontamination can reduce poison
absorption, risk of developing systemic toxicity and
clinical severity. Thus, it improves medical outcome!".
Single dose of activated charcoal is a common
method for gastrointestinal decontamination. It is
widely recommended for treating poison ingestion
patients®. According to the position statement by
American Academy of Clinical Toxicology and
European Association of Poison Centers and Clinical
Toxicologist in 2005, a single dose of activated charcoal
is recommended for patients who ingest toxic amount
of poison within 1 hour. The dosage regimen is 0.5-1.0
gram/kg in children and 25-100 gram in adults®.
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Activated charcoal can absorb toxic
substances in the gastrointestinal tract and prevent
their absorption into the circulation. The adsorptive
capacity of activated charcoal depends on many
factors including physicochemical properties of
activated charcoal, solubility and pH of toxic
substances and presence of gastric content®.
Physicochemical properties include particle size, pore
size and surface area of the activated charcoal. No
relevant evidence has been demonstrated for the clear
influence of any single physicochemical property of
activated charcoal on its adsorptive capacity®.

Charcoal can be derived from many
substances such as coconut shell, peat, lignite, and
wood. Then, it is activated by heating in hot stream or
air. The activation process causes the charcoal to
become small size particles with an internal pore
structure. Different kinds of activated charcoal,
which are from different productions, have different
physicochemical properties and different adsorptive
capacity®”.
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The British Pharmacopiea (BP) and the United
States Pharmacopiea (USP) specify only that medicinal
activated charcoal must meet standards for adsorption,
contamination and purity®. The surface area typically
ranges from 950-2,000 m?/g. Other physicochemical
properties are not defined. In Thailand, there is only
one preparation of activated charcoal available for
clinical use. It has been declared that its surface area is
more than 1,000 m*/g, with particle size less than 75 mm.

Paracetamol is the most common drug
poisoning in Thailand and over the world®!?. Its
toxicity is dose-dependent. Paracetamol at the dose
of more than 150 mg/kg has been reported to have
association with risk of developing hepatotoxicity. In
clinical practice, plasma paracetamol concentration is
the best predictor of its toxic severity. Several clinical
studies of activated charcoal in reducing drug
absorption in healthy volunteers are documented.
Paracetamol is a common drug, which is used for this
purpose®. Doses of paracetamol in the studies vary
widely, ranging from 20 to 80 mg/kg. In the present
study, the authors designed a model of supra-
therapeutic dose of paracetamol for evaluating
the efficacy of the activated charcoal in reducing
paracetamol absorption from the gastrointestinal
tract in man.

Material and Method

The present study was a randomized design,
prospective, two-arm crossover trial in healthy
volunteers. The protocol was approved by the
Ethics Committee on Human Experimentation of the
Faculty of Medicine, Ramathibodi Hospital, Mahidol
University. The primary outcome parameter for
indicating paracetamol absorption and the effect of
activated charcoal was the total area under the curve
between paracetamol concentration and time to
infinity (AUC (0,0<).

Study design

The eligible volunteers must be persons who
had normal physical examination, normal laboratory
tests for liver and kidney functions, and were not regular
alcohol drinkers. They gave written informed consent
before participating in the present study. They were
also instructed to avoid any kind of alcoholic beverages
before and during the present study. The number of
sample size!'? was form the recommended number by
the Thai FDA for bioequivalence study.

In this 2-arm crossover study, the experiment
arm was activated charcoal (E) and the control (C) arm
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was water. All volunteers were randomly assigned to
either sequence of CE or EC. Washout period was
1 week.

On each occasion, the volunteers were
fasted overnight. Volunteers in both arms ingested
60 mg/kg of paracetamol at T =0. At the T = 0.25 hour,
the volunteers in the experiment arm ingested 50 gram
of'the tested activated charcoal as slurry with 500 ml of
water, and those in the control arm drank 500 ml of
water. Food was served at 4 hours after having
taken paracetamol. Blood samples were serially
collected via heparinized catheter at T = 0, 0.25, 0.5,
0.75,1, 2,4, 8 and 12 hours. The plasma paracetamol
concentrations were measured by High Performance
Liquid Chromatography.

The plasma paracetamol concentrations of
each volunteer were plotted against the time for each
experimental occasion. Pharmacokinetic variables of
paracetamol were calculated by using the WinNonlin
(standard version 2) pharmacokinetic program. The
total area under the curve between paracetamol
concentration and time to infinity (AUC (0,<)),
maximum plasma concentration (Cmax), time to reach
maximum plasma concentration (Tmax) and elimination
half-life (T, ) were calculated. The AUC (0,o<) of each
arm was calculated and expressed as mean, whereas
other pharmacokinetic parameters in each experimental
arm were expressed as median.

Statistical analyses

All statistical analyses were performed by
using Strata version 10, and probabilities used the
two-tail test and a value of p <0.05 was the statistically
significant level. The authors tested the difference of
AUC (0,0<) between the control arm and experimental
arm by paired t-test. The differences of other pharmaco-
kinetic parameters (Cmax, Tmax and T, ) between the
experimental arm and control arm were tested by
Wilcoxon Signed Ranks test. The period effect and
carry-over effect was tested by Mann-Whitney U test.

Results

Twelve healthy male volunteers participated
in the present study. All of them participated in both
arms. None had withdrawn during the present study.

Mean paracetamol concentrations in
both experimental arms. The plasma paracetamol
concentrations of the activated charcoal treatment arm
were lower than those of the control arm at most of
the time points. Pharmacokinetic parameters of both
arms are shown in Table 1.
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Table 1. Effect of activated charcoal (50 gram) on paracetamol (60 mg/kg) absorption, comparing area under the curve,
Cmax, Tmax and t"? of control arm with and activated charcoal arm (n = 12)

Control Activated charcoal % reduction
AUC (0-<) (mg-h/L) 313.7 +£29.8% 184.8 +91.6* 40.9 +29.1
Cmax*** (mg/L) 71.0%* 48.7%* 35.9
Tmax*** (h) 0.5%* 0.25%* 50.0
T,,*** (h) 3.0%* 3.1%* -3.8

*p=0.01 (paired t-test)
** p>0.05 (Wilcoxon Signed Ranks test)
**% Results are expressed as median

As a primary outcome, AUC (0,o<) of the
activated charcoal arm was significantly different
from that of the control arm (p = 0.002). The effect of
activated charcoal on AUC (0,e<) reduction was 40.9%
from the control arm (Table 1). Neither the period effect
nor carry-over effect was found.

The medians T, , of both arms were not
statistically significantly different. The difference
between the T, of both arms was only 3.8% (Table 1).
Therefore, a single dose of activated charcoal treatment
did not have any effecton T, .

The pharmacokinetic parameters of
paracetamol, Cmax and Tmax, of the activated charcoal
arm were lower than those of the control arm, though
there were not statistically significantly different. In
the activated charcoal treatment arm, the Cmax was
reduced by 35.9% and Tmax reduction was 50.0%
(Table 1). There was high variability and without any
statistical significance.

As for the compliance, all of the volunteers
were able to take the activated charcoal without
vomiting. No adverse effect was detected during and
after the present study.

Discussion

Both drug absorption and clearance determine
the AUC. The drug clearance is inversely correlated
with T, .. In the present study, the T, of both arms
were not different. The clearance of paracetamol did
not change by single dose of activated charcoal, though
multiple doses of activated charcoal increase the
clearance”. Thus, the changes of AUC in the present
study were mainly determined by drug absorption. This
model was appropriate for evaluating the effect of
activated charcoal on paracetamol absorption. The
present study showed that administering 50 g of
activated charcoal at 15 minutes after taking supra-
therapeutic dose of paracetamol (60 mg/kg) was able to
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reduce the absorption of paracetamol by 40.9%.
Previous studies have shown that reduction of
paracetamol AUCs range from 25-85%®'*'® if the
activated charcoal is administered within 60 minutes
after paracetamol ingestion, as summarized in Table 2.
Therefore, the magnitude of AUCs reduction in the
present study was compatible with the others. The
percent reduction is likely to be of clinical relevance.
Therefore, the activated charcoal, which is available in
Thailand, has an efficacy to adsorb paracetamol and
to partially prevent paracetamol absorption from the
gastrointestinal tract into the circulation.

The authors are well aware that pharmaco-
kinetics of paracetamol in an overdose setting may be
different from that of therapeutic dose. Doses of
paracetamol, which have been used for simulating
overdose, ranges 20 to 80 mg/kg. Because it is limited
by an ethical issue and volunteer safety, we decided
to use only as high as 60 mg/kg of paracetamol in
this study. The authors are also aware that the efficacy
of activated charcoal to prevent gastrointestinal
absorption is time dependent. The beneficial effect of
activated charcoal is well demonstrated if it is
administered within 60 minutes after ingestion. The
objective of the present study was to demonstrate the
efficacy of tested activated charcoal. If the time point
of administering activated charcoal was relatively late,
the authors might not be able to demonstrate its
effect. Thus, as early as 15 minutes after paracetamol
ingestion was the time point for administering activated
charcoal. However, it is not relevant in a common
clinical setting. Therefore, the present finding is to be
interpreted cautiously. The present study may be the
initial step for evaluating the efficacy of activated
charcoal.

A dose of 50 g of activated charcoal is
palatable and does not produce any serious adverse
effects. The tested activated charcoal may have
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Table 2. Summary of randomized controlled trials on the efficacy of activated charcoal on paracetamol absorption at
various doses of paracetamol, by various types of activated charcoal and time of its administration

Number of Dose of Activated charcoal % reduction (AUC) Ref.
volunteers paracetamol (mg)
Time of administration Surface area
(min) (mg)

8 1,000 0 900-1,500 36.9% [12]

5 1,000 0 900-1,500 61.4% [13]

8 80 mg/kg 0 unknown 74.2 [14]

6 1,000 5 1,600-2,000 85 [16]
12 60 mg/kg 15 1,000 40.9 This study

5 1,000 30 900-1,500 31.1% [13]

6 1,000 30 1,600-2,000 40 [15]
10 3,000 60 900-1,500 25.5 [16]
10 3,000 60 unknown 43 [17]
10 4,000 60 unknown 30.5 [18]

* Calculated from urinary excretion of paracetamol

the same efficacy and safety as the international
formulation. Therefore, the activated charcoal should
be used as gastrointestinal tract decontamination agent
for treating paracetamol overdose in the early phase.
By extrapolation, the activated charcoal should be
used for some other but not all toxic substances®.

In conclusion, the authors have demonstrated
the efficacy of the activated charcoal in reducing
gastrointestinal absorption of the supra-therapeutic
dose of paracetamol. The activated charcoal is safe
and should be administered early in treating human
poison ingestion.
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