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1. INTRODUCTION to slowly release a fixed amount of drug into the oral cavity
or cover the throat tissues with the drug solution, and
sometimes to achieve systemic effects when the drug is well
absorbed through the buccal membranes or chewed and
swallowed [1,3,4]. In general, the absorption time of the oral
lozenge is considered to be about 30 minutes in solid
absorbable lozenges, but the dissolution and absorption of
the lozenge may vary depending on the patient's absorption
state. Also, suction and subsequent continuous production of
saliva can cause the drug to be diluted and accidentally
swallowed [1,4,5]. As a result, high variations can occur in
the amount of medication given with each application of the
lozenge. Absorption and subsequent saliva production may
also cause the drug to be diluted and accidentally swallowed
[1]. Lozenge formulations have many advantages: It is

Oral dosage forms are very diverse and have many
advantages over other dosage forms. Oral medication is the
easiest way to administer therapeutic agents to achieve a
systemic effect since it can be used without any help. In the
use of oral dosage forms, it is always the most preferred form
of medicine due to its high patient compliance, availability of
various formulations, and easy transportation. They are
economical and safe for the patient. However, it still has
some disadvantages. They are not suitable dosage forms for
children and infants, especially for patients with chronic
vomiting problems and gastrointestinal disorders such as
diarrhea, constipation, ulcer, hyperacidity. Their use is not
preferred in cases requiring urgent intervention and in

patients with loss of consciousness [1].

Lozenges are renewed popularity as a means of
administering many different drugs and may be considered as
alternatives to current dosage forms. Lozenges are solid/semi
-solid dosage forms that can contain one or more active
ingredients, generally prepared as aromatized and sweetened,
dissolve or dispersed in the mouth, chewable, absorbable.
They are also called troches or pastilles [2]. They can be used
in local treatment of mouth and throat infections or irritation
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convenient and easy to use for pediatric and geriatric patients
with difficulty swallowing. It has a pleasant taste and is
enough to stay in the oral cavity for a while to bring out a
certain effect. It does not require water requirement for
patients to use. It can be prepared by a pharmacist in a
pharmacy for a small amount of substance and for a short
time [4,6,7]. Besides, there are disadvantages such as the
tendency to accidentally use as candy by children, risk of
swallowing hard lozenges for children under 6 years of age,
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and the uncommon distribution of the drug in saliva for local
treatment [4,6]. Nowadays, there are many types of lozenges
such as chewable lozenges, compressed lozenges, hard candy
lozenges, center filled hard lozenges, soft lozenges. Recently,
soft lozenges and chewable lozenges have been re-introduced
into the pharmacy and their popularity is increased. The soft
lozenges generally have a polyethylene glycol base and the
chewable lozenges have a glycerinated gelatin base. These
usually are chewable and this chewability is a means of
delivering the product to the gastrointestinal tract for
systemic absorption. Commercial lozenges are made by a
tableting machine using high compression pressures and by
moulding. Also, the hand-rolling technique is used for soft
lozenges or in small scale formulations [1,4,6].

At present, we are all exposed to a certain level of
radiation. Radiation exposure of humans can be studied in
many branches for research and control. The National
Council on Radiation Protection and Measurements of the
United States (NGRP, 1971) describes radiation as natural
radiation, radiation applied in research on human subjects,
radiation from medical procedures, occupational irradiation,
and man-made environmental radiation. Also, radiation
exposures are usually categorized as internal or external in
reference to the location of the source relative to the
irradiated individual [8,9].

Natural radiation sources are broadly categorized into
cosmic, terrestrial (e.g., earth’s crust, soil, and construction
material, radon from rocks), and internal radiation.
Unfortunately, human exposure to natural radiation is not
controllable. Also, people are routinely exposed to man-
made radiation from nuclear medical diagnostics (e.g., X-ray
and Computerized Tomography scans) and treatment
procedures, nuclear power plants, commercial flying, and
even smoking. However, scientific evidence from past events
has demonstrated that any major uncontrolled release of
radiation could be harmful and warrants immediate response
to assess and minimize public health risks. However,
exposure to man-made radiation can be controlled by taking
precautions [8,10]. The rapid development in science
technology causes radiation widely used in many research
areas, which have increased people’s exposure to different
kinds of radiation. Three main methods are usually utilized
for protection from radiation: time, distance, and shielding.
Among the three methods, shielding is the most important
protection method. Thus, shielding materials become very
important. Different radiation protection materials (lead,
copper, bismuth, steel, concretes and organic compounds
such as oils, paraffins, plastics and rubber) have been
developed to reduce the damage caused by radiation to the
human body. But, natural materials like bentonite clay can be
used as shelters from nuclear waste because of its availability
and low cost [11]. Clays are common ingredients used in
pharmaceutical products as excipients and active substances
[12]. The ability of clay minerals to adsorb and desorb
organic molecules is well known and makes them very
attractive for pharmaceuticals [13]. All bentonites are from
the montmorillonite group of clay minerals and are an
aluminum hydrosilicate with soft colloidal property.
Montmorillonite minerals show a three-layered structure and
this is their characteristic feature. Water and organic
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molecules enter between these layers and cause the structure
to expand/swell, so it is frequently used as a viscosity
enhancer with its large surface area [14]. Bentonite is a
natural highly colloidal clay mainly composed of
montmorillonite that is abundant and non-expensive. The
reliability of bentonite in humans and animals has been
proven by studies. Bentonite does not influence serum
concentrations of vitamins and nutrients in humans [15].
Bentonite clay has been shown to act as a detoxifying agent.
This property is referred to its cationic nature, which leads to
the absorption of negative charge toxins. Also, it is generally
used in the form of blocks as an ideal backfill material for a
high-level radioactive waste tank in deep rocks [15,16].
Bentonite is known to inhibit diffusive transport of most
radionuclides due to its good absorption properties. There are
many studies on the absorption of radioactive materials such
as uranium, cesium, nickel and lead by bentonite [16,17].
Bentonite is frequently used for protection from gamma
radiation. Bentonite has been proven to be highly effective
against gamma radiation in the studies of Hager et al. [11]
and Ishii et al.[18].

In the literature evaluation, there is no dosage form of
bentonite prepared for protection from radiation. This work
we have done is the first. But, in many countries, the
drinkable form of food-grade bentonite is sold for the
protection from toxins and radiation [19]. Based on the
information given above, it was decided to study the
bentonite lozenge formulation, which is a dosage form that
can be easily used by humans. So, this study aims to prepare
soft chewable lozenge formulations containing different
bentonite doses by using 2 different preparation techniques
(hand-rolling and molding techniques), to make quality
control tests (determination of organoleptic properties,
weight  variation, diameter-thickness, friability test,
dispersion time) of the lozenges with optimum properties and
to determine the degree of radiation absorption. Technetium
(*™Tc) was used in the radiation absorption study. *™Tc
emits gamma radiation and bentonite absorbs gamma
radiation [20]. Gamma radiation is one of the main types of
nuclear radiation, which have to be considered. In this study,
the absorption ability of bentonite in lozenge form is
evaluated.

2. MATERIALS AND METHODS
2.1. Materials

Pharmaceutical grade bentonite was obtained as a gift
from Galenik Ecza (Izmir, Turkey). Gelatin and
carboxymethylcellulose sodium (NaCMC) were kindly
supplied by Gelita (Germany) and Doga Ilag (Turkey),
respectively. All other chemicals were in analytical or
pharmaceutical grade.

2.2. Preparation of Bentonite Included Soft Chewable
Lozenges

Lozenges were prepared by molding and hand-rolling
techniques [1]. Bentonite and all excipients were mixed in
certain proportions using a magnetic stirrer in accordance
with the technique. Bentonite was added last during the
preparation. Prepared lozenges were wrapped with wax paper
and put in well-closed containers.
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In the hand-rolling technique, the prepared mixture was
placed on a glass table and the mixture was made
homogeneous with the help of a spatula by adding bentonite
last. The mixture was then rolled by hand to form a long
strip, and it was measured with a ruler and cut with a knife to
contain the desired dose. The lozenge formulations prepared
with this technique were designed to contain 1.5 g and 2 g
bentonite doses.

In the molding technique, the prepared mixture was
poured in certain amounts into the molds, the inner walls of
which were covered with starch, to prevent sticking to the
mold, and cooled to room temperature and formed. The
lozenge formulations prepared by this technique were
designed to contain bentonite at a dose of 0.25 g and 0.5 g.
Ingredients of all formulations prepared with both molding
and hand-rolling technique are given in Table 1.

Table 1. Ingredients of all formulations

Hand-rolling

Ingredients Molding Technique Technique
weights (g)

MO0.25 MO0.5 H1.5 H2
Bentonite 0.25 0.50 1.50 2.00
Citric acid 0.10 0.10 0.10 0.10
Menthol 0.10 0.10 0.10 0.10
Peppermint oil 0.05 0.05 0.05 0.05
Glycerin 0.25 0.25 0.25 0.25
Methyl paraben 0.01 0.01 0.01 0.01
Sodium saccharin 0.10 0.10 0.10 0.10
NaCMC 0.20 0.20 0.25 0.25
Gelatin 0.80 0.80 - -
PEG 4000 0.20 0.20 - -
Distilled water 4.00 5.50 2.00 2.25
Carmine q.s. - - -
Toluidin blue - q.s. - -
Fast green FCF - - q.s. -
Eosine - - - q.S.

The same procedures were applied for lozenges that do
not contain bentonite (blank lozenges), and the only
bentonite was not added into the mixture. “Fast Green FCF”
dye and “carmine” were used as a dye in the lozenges
prepared by hand-rolling and molding technique,
respectively. Prepared lozenges were wrapped with wax
paper and put in boxes.

2.3. Characterization of Soft Chewable Lozenges
2.3.1. Organoleptic properties

The prepared lozenges were evaluated for its organoleptic
properties like taste, odour, colour, softness, chewability, and
shape [21].

2.3.2. Weight variation

For weight wvariation, 20 lozenges were taken and
weighed each individually on a precision balance. After the
average weight of the lozenges was found, the deviation
values of each lozenge from the average weight were found
in %. The weight variation of any lozenge should not exceed
10% according to the USP limit [22].

2.3.3. Diameter and thickness

20 lozenges were taken and each one was measured with
a vernier caliper for their diameter and thickness. The
average diameter-thickness values in mm and standard
deviation of lozenges were found [22].

2.3.4. Friability

10 lozenges were taken and all were weighed together on
precision balances. The weighed lozenges were rotated for 4
minutes in the friabilitor at 25 rpm per minute and the
friability values were calculated in %. The friability value
should not exceed 1% [23].

2.3.5. Disintegration time

6 lozenges were taken and put into a disintegrator. The
disintegration time was determined in pH 6.8 artificial saliva
fluid at 37°C and 100 rpm [23]. Artificial saliva (at pH 6.75)
was prepared according to the following formulation [24]:

Rx

Disodium Hydrogen Phosphate 2382¢g
Potassium Dihydrogen Phosphate 0.190 g
Sodium Chloride 8.000 g
Ultrapure water q.s. 1L

2.4. Determination of Radiation Absorption

This study was carried out in Atatiirk University Faculty
of Medicine, Department of Nuclear Medicine. 4 pieces of
lozenges containing bentonite, which have optimum
properties, were exposed to **Tc radiation (starting intensity
is 497 mCi) for the specified time in a closed steel case. The
#MT¢ half-life is 6 hours. Then, the radiation in the lozenges
was measured with an appropriate measuring device (well
counter) at the 6th hour, and the radiation absorption
efficiency of the lozenges containing bentonite was evaluated
by calculating the average of radiation (mCi) per lozenge.

All results were given with standard deviation value.
Statistical analysis was made by using One way ANOVA test
through the SPSS Statistics 20.0 (SPSS Inc., Chicago,
[linois, USA) program. In the evaluation of the results
obtained, data with a P-value of less than 0.05 (p<0.05) were
considered as significant.

Table 2. Organoleptic properties of bentonite included soft chewable lozenges

e e Molding Technique Hand-rolling Technique

MO0.25 Mo0.5 H1.5 H2
Taste Sweet Sweet Sweet Sweet
Odour Menthol-Mint Menthol-Mint Menthol-Mint Menthol-Mint
Colour Pink Purple Green Light Orange
Softness Soft Soft Medium Hard Medium Hard
Chewability Good Good Good Good
Shape Round Square Cylinder Cylinder
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Molding Technique

Blank MO.ZS

Hand-rolling Technique

Blank

Figure 1. Images of soft chewable lozenges

3. RESULTS AND DISCUSSION

3.1. Preparation of Bentonite Included Soft Chewable
Lozenges

Bentonite included lozenges in 4 different doses and were
successfully prepared with the blank ones by using molding
and hand-rolling techniques. All the formulations showed
good physical appearance. The gelatin used in the molding
method as binder enabled the lozenges containing low-dose
bentonite to keep their shape due to its gelling feature [25].
Images of bentonite included and blank lozenges are given in
Figure 1.

3.2. Characterization of Soft Chewable Lozenges
3.2.1. Organoleptic properties

Organoleptic properties are optimized so that a patient
can adapt to chewing. The prepared lozenges are formulated

in accordance with their purpose in terms of taste, odour,
colour, softness, chewability, and shape properties.
Organoleptic properties are at a level acceptable to the
patient. Organoleptic properties of bentonite included
lozenges are given in Table 2.

3.2.2. Weight variation, diameter, thickness, friability,
and disintegration time

The weight variation, diameter, thickness, friability, and
disintegration time of bentonite included lozenges were
evaluated and the results are given in Table 3. The weight
variation, diameter, and thickness values were given as
averagetstandard deviation. All the formulations were found
to show acceptable weight, diameter, and thickness. The
percentage of weight variation was within the USP limits and
the values varied between -4.83% and 3.89% for MO0.25, -
5.07% and 4.37% for MO0.5, -1.28% and 0.41% for H1.5, and
-1.74% and 2.41% for H2. Diameter and thickness values are
within acceptable limits in terms of easy chewing. Only one
formulation (MO0.5) exceeded the 1% limit in the friability
test. When all formulations are compared, it is seen that
formulation MO0.5 has the most water. This excess water
made the lozenges more fragile and sticky, so this
formulation was stick more to the friabilator. But, it can be
said that the other formulations (M0.25, H1.5 and H2) are
suitable for packaging.

Disintegration time was found to be in the range of 35
min and 120 min. Since the lozenges are soft and chewable,
their disintegration time is very long. Therefore typical
disintegration times may not be achieved with these
lozenges. In the United States Pharmacopeia (USP 35), the
disintegration time of nystatin lozenges is 90 minutes [26].
Nystatin lozenges can be given as an example to this case.
H1.5 and H2 formulations contain high amounts of
bentonite. Since bentonite is a swelling material [17], it is
primarily swollen in the lozenge, and in this case, it has made
it difficult to disperse in artificial saliva.

Table 3. The evaluation parameters and results of bentonite included soft chewable lozenges

. Molding Technique Hand-rolling Technique
Evaluation Parameters MO0.25 G H1S 2
Weight variation (g) 5.85+0.19 7.2140.25 4.0240.02 4.82+0.06
Diameter (mm) 33.80+0.00 26.53+0.28 14.94+0.78 15.84+1.37
Thickness (mm) 5.65+1.41 9.67+0.67 17.61£0.96 15.39+1.04
Friability (%) 0.47 1.72 0.69 0.53
Disintegration time (min) 35 120 120

Table 4. The radiation absorption of bentonite included soft chewable lozenges

Radiation Absorption M0'25Molding Technique s HL:Iand-rolling TechniqueH :
ﬁltetgfhellll(()iu(:'f(mCi) 0.98£0.08 1.0120.16 1.0820.11 1.6520.40
Table 5. Statistical analysis of bentonite included soft chewable lozenges
T oy e b Sig. Tower Boun{interv%pper Bound
e the endof - HISA the end of 0.57000 0.15871 0.004 0.2242 0.9158
0.5 AL the end of 0.63500 0.15871 0.002 0.2892 0.9808
M0.25-At the end of 0.66500 0.15871 0.001 03192 1.0108

the 6th hour
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3.3. Determination of Radiation Absorption

The average radiation absorption efficiency of the
lozenges containing bentonite was given at Table 4. When
the average amount of radiation per lozenge was examined,
the highest dose of lozenges (H2) containing 2 g of bentonite
showed the highest absorption and the results were
significant (p<0.05, Table 5). As the amount of bentonite
increased, the amount of radiation absorbed increased. In a
study, bentonite was applied to patients with irritable bowel
syndrome at a dose of 3 g 3 times a day for 8 weeks and was
found to be effective. There were no side effects from this
dose. In our study, the highest dose was chosen as 2 g and it
is thought to be a safe dose [15,27].

It is written in the literature that bentonite is used for
protection from radiation and studies on this subject are still
ongoing. In Tanaka’s study (2012), it clearly stated that the
wastewater tanks were covered with bentonite to prevent the
spread of radiation in the wastewaters of Fukushima Dai-ichi
Nuclear Power Stations. It has also been stated that bentonite
is used to fix/inhibit radioactive cesium (Cs) and the mobility
of Cs in bentonite clay is about 3 mm for 300 years [28]. In
Ishii’s study, detailed information was given about the fact
that the radioactive Cs in the vegetables produced in the
Fukushima region is not found due to the dense clay content
in the soil and this clay absorbs the radioactive Cs and that
these vegetables are safely consumed [18]. Also, Martinez-
Costaa et al. concluded that, it was found that bentonite acts
as a photocatalyst by absorbing UV and solar radiation and
that radiation does not disrupt the crystal structure of clay
[29]. Clays with high montmorillonite content protect RNA
and RNA-like molecules from UV radiation was found in
another study by Biondi et al [30]. Russian and Japanese
scientists have regularly used bentonite to protect against
radiation. Even after the Chernobyl disaster, bentonite
chocolate and biscuits were distributed to the people of the
region. After the Chernobyl disaster, the plant and its vicinity
were covered with bentonite to minimize the negative effects
of radiation. In Japan, hundreds of thousands of tons of clay
was poured into the ocean in the Fukushima nuclear disaster
caused by the earthquake [31]. So, the bentonite-containing
lozenges we have prepared can help to remove radiation
from the body.

4. CONCLUSION

In this study, lozenges containing bentonite were
successfully prepared and characterization studies were
carried out. In addition, the radiation absorption study was
conducted and the effectiveness of bentonite in this
formulation was evaluated. Radiation absorption increased
significantly with the increase of the bentonite dose. This
result has given us hope. The effectiveness of these lozenges
in terms of absorbing radiation should be clarified with more
detailed studies in the future. Nowadays, lozenges are
preferred in chewable form and are easily used by many
people due to their tolerable taste. Because of the ease of
using the lozenges, it is thought that it may be useful and
effective in radiation protection or removal of the exposed
radiation from the body, especially for hospital workers who
are frequently exposed to radiation and patients undergoing
radiation therapy. It is foreseen that these workers or patients
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can chew these soft lozenges without any additional
procedure such as drinking with water or injection.
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