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Abstract

The adsorption of fexofenadine drug by activated charcoal powder impregnated
with hydrogen peroxide (IAC) to improve its surface properties was investigated.
The investigation also aimed to assess the effect of the repeated dose in increasing
the amount of the drug adsorbed. The powder activated charcoal was impregnated
with H,0, 3%. The effects of pH of the solution, concentration of the drug and time
of the reaction parameters were investigated by using UV-Vis spectroscopy. The
IAC was brought in contact with the drug solution in different pH (2, 4, 7 and 9),
drug concentrations (30, 60, 90 and 120 ug ml™) and time (15, 30, 45 and 60
minutes). After each experiment, a repeated dose of IAC was introduced into the
solution and the adsorption process was repeated. The results showed that the
amounts of the drug adsorbed were decreased with increasing the pH and increased
with increasing the concentration of solution and time of contact. The adsorption
capacity was enhanced to about 70% after the addition of the repeated dose. The
study showed a spectrum displacement toward the blue region (blue shift) for the
drug supernatant in all experiment parameters, which was almost doubled when a
repeated dose was added.
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1. Introduction

Activated charcoal is the most effective adsorbent species used in the medical field. It is a carbon
porous material that interacts with gases during the carbonization process to increase its porosity,
which in turn increases its surface area [1]. The process of activated charcoal preparation consists of
two steps; activation and carbonization. The product has high porosity material with a surface area of
300 m/g and possibly more than 5000 m?g. The extent of the surface area of activated charcoal
depends on the preparation technique employed in the production [2]. The granular form of activated
charcoal is used in gas masks [3] and the powdered form is used for adsorption of various types of
chemicals and drugs [4]. The adsorption of diclofenac on activated charcoal was studied in a batch
process and fixed-bed column. It was found that the Freundlich equation is quite suitable to describe
the behavior of the isotherms at 298, 308 and 318 K [5]. A study of adsorption of sodium diclofenac
on activated charcoal produced from potato peel waste and commercial activated charcoal showed that
the kinetic data of both activated charcoals was best fitted by the pseudo-second-order model [6]. The
diclofenac sodium was also adsorbed on Cyclamen persicum tubers activated charcoal. It was found
that the adsorption process increases with increasing the concentration of the compound, and the
optimum pH of adsorption was between 2 and 6. The process was well described by the Freundlich
model [7]. The competitive adsorption of amoxicillin and ibuprofen on activated charcoal of different
properties was also studied. It was shown that the capacities of the equilibrium adsorption depend on
the porous features of the activated charcoal’s pH, density of surface and ionization of the drugs [8].
The adsorption of cephalexin, amoxicillin, tetracycline and penicillin G from aqueous solutions on
activated charcoal produced from vine wood was also investigated. The study showed that the
activated charcoal has a good ability to remove the drugs [9]. The effects of different parameters such
as pH and temperature on the adsorption of cephalexin on activated charcoal obtained from walnut
shell was also studied [10]. Kinetic and equilibrium studies of the removal of tetracycline by activated
charcoal showed that the best fitted model of isotherm to experimental data is Temkin and the best
fitted kinetic model is Elovich [11]. The maximum adsorption of tetracycline from drinking water on
activated charcoal activated by NaOH was found to be 897.6, 961.5 and 1121.5 mg/g at the
temperatures of 303, 313 and 323 K, respectively. The process was studied at different parameters
such as pH, concentration, time, temperature and ionic strength, and found to be fit with Freundlich
and pseudo-second-order models [12]. The adsorption of some non-steroidal anti-inflammatory drugs
such as naproxen, diclofenac and ibuprofen on activated charcoal was investigated and the intensity of
the interactions between the three drugs and the activated charcoal was determined [13]. Equilibrium
and dynamic investigations concerning the adsorption of diclofenac and caffeine on granular activated
charcoal showed lower adsorption capacities in the competitive case compared with the single
adsorption case [14]. The process of adsorption of carbamazepine, sildenafil citrate and methylparaben
on granular activated charcoal showed that the nonlinear model was capable of describing the behavior
of adsorption kinetic [15]. The removal of acyclovir from aqueous solution by activated charcoal was
studied and it was found that the Freundlich model is the best to describe the process [16]. The
removal of tetracycline from the aqueous solution on activated charcoal was found to increase with the
increase in ion strength, contact time, drug concentration and solution temperature [17]. The
adsorption capacity of the porous surface of activated charcoal can be enhanced via oxidation by
different oxidizing agents [18, 19]. Oxidation of activated charcoal with hydrogen peroxide,
ammonium persulphate and nitric acid was found to be capable of enhancing the adsorption process
[20, 21]. H,O, is decomposed after reacting with activated charcoal [22]. One of the important
concepts related to working on activated charcoal is the use of a repeated dose which has an important
role in increasing the amount of the species adsorbed. Repeated doses of activated charcoal can
increase the elimination and clearance of a wide range of drugs from bodies of people who have been
poisoned by medications [23]. This approach was found to be efficient in removing digitoxin and
verapamil [24], phenytoin [25] and theophylline [26] from young infants who were poisoned by these
drugs. Fexofenadine is a second generation antihistamine which exists as a white crystalline solid that
is slightly soluble in water. It is usually used for the relief from physical symptoms associated with
seasonal allergic rhinitis. It is also used for the treatment of chronic urticaria. The chemical formula is
C3,H39NO,, and the chemical name is 2-4-1-hydroxy-4-[4-hydroxydiphenylmethyl piperidino] butyl
phenyl]-2-methylpropanoic acid [27, 28].
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The objective of the current research is to investigate the adsorption process of fexofenadine on
activated charcoal in the case of patients with overdose ingestion, as well as to estimate the
effectiveness of the repeated dose of activated charcoal and its impact on the process of detoxification.
The activated charcoal was modified with hydrogen peroxide.

2. Experimental part
2.1 Materials

All chemicals used in the current research, including activated charcoal, were of analytical grade
and obtained from Sigma-Aldrich. The fexofenadine drug (120 mg tablet) was purchased from the
local market and produced by Micro Labs Limited Company.

2.2 Instrumentation and UV Spectroscopy conditions

The UV-Vis electronic spectra were recorded on a PG instrument T80 UV/Vis double beam
spectrophotometer. The pH of the solution was monitored using a Philips (PW-9409) digital pH meter.
The wavelength of fexofenadine at which maximum absorbance occurs (Amax) was recorded for the
aqueous solution of the drug and found to be 220 nm.

2.3 Adsorption Assays

The activated charcoal was washed several times with distilled water before use and then dried to
constant weight at 105°C for over 4 hours. The stock solution (120 pg ml™) of the fexofenadine drug
was obtained by dissolving a 120 mg tablet in 60 ml ethanol in a 250 ml conical flask. The solution
was then left on a magnetic stirrer for 15 minutes in order to dissolve the sample completely. Ethanol
solution (60 ml) was then transferred to a volumetric flask and the volume was adjusted up to 1 L with
distilled water. The solution was then filtered through Whatman filter paper. The impregnation of
activated charcoal was carried out by immersing the powder in 3% hydrogen peroxide solution under a
neutral condition for 4 hours with stirring. The powder was then separated by filtration, washed
several times with distilled water, and dried in open air for one hour and then in the furnace at 105°C
for 4 hours in order to remove the content of the impregnation solvent and water. The adsorption
experiments were carried out to study the effects of pH, concentration and time, along with the
impacts of the repeated dose, on the process . In a batch experiment, 50 ml of the 120 pg ml™
fexofenadine solution was placed in a flask and then 1 gm of the IAC was added to the solution at pH
values of 2, 4, 7 and 9. The pH was adjusted using 0.1 N solution of HCI and NaOH. The mixtures
were left on a magnetic stirrer for 60 minutes, then the absorbance of the solution was measured at
A=220 for residual drug concentration. A repeated dose of another 1 gm IAC was added to the mixture
and the stirring continued for another 60 minutes, after which the residual drug concentration was
measured at the same wavelength. For the concentration study, the experiment was repeated for 60
minutes using fexofenadine concentrations of 30, 60, 90 and 120 pg ml™. For the time study, the
experiment was repeated at different periods of time of 15, 30, 45, and 60 minutes using a drug
concentration of 120 pg ml™. To calculate the amount of fexofenadine adsorbed, the following
equation was used:

_(G—C)Y
i m

where g, is the maximum quantity of the drug in pg gm™ adsorbed on the IAC, C; is the initial
concentration (ug ml™) of the drug solution, C. is the concentration of the drug (ug ml™) in the
supernatant at the equilibrium stage, V is the volume of the drug solution in ml, and m is the mass of
adsorbent employed in grams. The calibration curve was performed by measuring the solutions
absorbance for each experiment, then plotting the absorbance versus pH, concentration and time.
3. Results and Discussion

The drug has an absorption peak at 220 nm in both water and ethanol, as reported [27,29]. The UV
absorption spectrum of the fexofenadine is shown in Figure-1 which shows that the drug has a
maximum absorption peak at 220 nm.

Qe
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Figure 1- The UV spectrum of fexofenadine in a mixture of water and ethanol.

The parameters for the pH study are listed in Table-1. The second column indicates the amount of
drug that was adsorbed after the addition of the first dose. The third column indicates the amount of
drug that was adsorbed by the repeated dose of IAC in the second stage. The numbers in last column
refer to the total amounts of the drug adsorbed. The parameters for the experiment of the effect of
concentration are listed in Table-2, while Table-3 contains the parameters for the effect of time
experiment. It is clear from Table-1 that the amount of fexofenadine adsorbed on 1 gm IAC increases
with decreasing the pH. The highest value was found at pH 2, which appeared to be compatible since
the acidity of the gastric fluid was between 1.5 and 3.5. Figure-2 summarizes the relationship between
the pH and the amount of the drug adsorbed. From the inspection of the parameters in Table-2 which
includes the amount of fexofenadine adsorbed at different concentrations on IAC, we note that the
amounts of the drug adsorbed are increased with increasing the concentration of the drug solution.

Table 1- The results of pH effect on adsorption.

H Fexofenadine (ug gm™) Fexofenadine (ug gm™) Total (ug gm™)
P adsorbed on IAC adsorbed on repeated dose IAC
2 3800 2900 6700
4 3500 2400 5900
7 3100 1800 4900
9 2400 1600 4000
Table 2- The results of concentration effect on adsorption..
Concen. Fexofenadine (ug gm™) Fexofenadine (ug gm™) Total (ug gm™)
(ug ml™h) adsorbed on IAC adsorbed on repeated dose IAC
30 1100 700 1800
60 2100 1400 3500
90 2400 2100 4500
120 3100 2100 5200
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Table 3- The results of time effect on adsorption.

Time Fexofenadine (ug gm™) Fexofenadine (ug gm™) Total (ug gm™)
(min.) adsorbed on IAC adsorbed on repeated dose IAC

15 1800 1600 3400

30 2200 2000 4300

45 3000 2100 5100

60 3300 2200 5500
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Figure 2- The effect of increasing the pH on the amount of fexofenadine adsorbed on IAC .

The third parameter was the adsorption time. The study showed similar adsorption behavior to that
observed for the concentration parameter. As the time of the adsorption was increased, the amount of
the drug adsorbed increased. Figures-(3 and 4) illustrate the relationship between the adsorption of the

drug with concentration and time, respectively.

The average percentage increase in the amount of the drug adsorbed after the addition of the
repeated dose IAC (Table-4) shows that the repeated dose has a high impact on the adsorption process.
The percentage of the drug adsorbed was increased to about 70% after the addition of the repeated
dose of the activated charcoal, which was very evident in all the experiments preformed.
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Figure 3- The effect of increasing the drug concentration on the total amount of the drug adsorbed.
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Figure 4- The effect of increasing the time on the total amount of the drug adsorbed.

Table 4- The effect of the repeated dose of IAC on fexofenadine adsorption (%).

% Adsorption increase % Adsorption increase % Adsorption increase
in pH study in concentration study in time study
67.5 72 775

As we mentioned earlier, the spectra were recorded at 220 nm although a blue shift of about 10 nm
was observed in the position of the peak of the supernatant. The reason for the displacement of the
peak position is possibly due to a change in the polarity of the drug molecule after reacting with the
IAC surface. It was reported that some organic compounds’ absorption spectra were blue shifted when
they were in contact with adsorbents such as montmorillonite clay [30]. It is of interest to know that it
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was observed that the longer the reaction time, the greater the blue shift of the peaks, and that the
lower the concentration the greater the blue shift. This suggests that the longer the drug is in contact
with the IAC surface, the greater will be the effect of the surface on the drug molecules. Also, the
lower concentration of the drug means that fewer molecules are in contact with the surface of the IAC,
where the ratio of the number of molecules to the surface area of 1AC her is lower, which generates a
greater impact of the IAC surface on the drug molecules. When the repeated dose is introduced into
the solutions, an additional increase in the blue shift was obvious in all of the experimental parameters.
4. Conclusions

The adsorption of fexofenadine drug on the activated charcoal powder impregnated with hydrogen
peroxide (IAC) was investigated. The effects of pH, concentration, and time were assessed along with
the effect of the repeated dose on the adsorption process. It was found that the amount of the drug
adsorbed was decreased with increasing the pH. The maximum amount of the drug adsorbed was
achieved at pH 2. The quantities of the drug adsorbed were increased with increasing the concentration
and time of contact. It was also found that the amount of fexofenadine adsorbed was increased by
about 70% when the repeated dose of IAC was used. The Amax absorption peak of the drug
supernatant was blue shifted by about 10 nm due to the interaction with the IAC.
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