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ABSTRACT: Although the oral route is a common drug administration route, it still causes some patient compliance
problems. Gummies are chewable gels that are commonly manufactured as dietary supplement carriers and their
pharmaceutical use is still limited. Dexketoprofen trometamol is an anti-inflammatory and antipyretic drug. In the
present study, dexketoprofen containing gummies were manufactured using carrageenan (Gelcarin®GP-379) as the
gel-forming polymer. Potassium dihydrogen phosphate (KH2PO4) was used as the gelling agent in the research. The
obtained gummies were characterized. For this purpose, gel viscosity measurements, morphological and physical
characterizations, thermal analysis, and in vitro drug release studies were carried out. The viscosity of the gel
mixtures was measured at 50°C, which was the pouring temperature of the gels into molds. The formulation
containing the highest carrageenan and KH2POs had the highest viscosity. The physical characterization results
showed that the gummy formulations could be prepared in a reproducible manner. The DSC thermograms showed
that the melting peak of DXT was not observed in the gummy formulation. The in vitro dissolution test results of the
gummies showed that decreasing the carrageenan and KH2POs concentration in gummy formulation accelerated
the drug release. The obtained gummies exhibited an extended-release of up to 2 hours.

KEYWORDS: Vegan drug gummy; dexketoprofen; carrageenan; oral drug gummy; chewable hydrogel.

1. INTRODUCTION

The oral cavity is one of the most significant sites for the administration of drugs. In the oral route,
drugs are exposed to several processes from taste perception to swallowing. In the mid-steps, the dosage
form is disintegrated and released the drug. These steps might also be followed by the absorption stage [1,
2]. Chewable dosage forms are beneficial for specific patient groups such as pediatrics and geriatrics. These
groups accept chewable dosage forms with high compliance. The mouthfeel, taste, and aroma of the dosage
forms are important factors for an acceptable oral administration [3]. The development of oral dosage forms
special to pediatric patient groups is still a challenge because of its limitations. The shape, texture, or taste
of an oral formulation must be acceptable for young children. In addition, dose adjustment is required
considering the age of the pediatric patient. To overcome these limitations, orally disintegrating
formulations are widely manufactured [4, 5].

Chewing gums are products that are consumed widely for pleasure without swallowing. They have
an alternative use for therapy such that the first medicated gum (Aspergum) contained aspirin. As
expected, it has analgesic, antipyretic, and anti-inflammatory effects. Researchers have been conducting
studies on the use of biodegradable gums in the treatment of specific diseases. Medicated chewing gums
might include nutrients or pharmaceutical ingredients. Therefore, they are considered to be promising
dosage forms for drug delivery [6].

Gummies are chewable gels that are commonly used for vitamin delivery [7]. Although gummies
are mostly prepared to include nutritional supplements, there are also studies where they are used for
diagnostic purposes, as an interesting approach [8, 9]. In general, gummies consisted of hydrocolloid-based
gelling agents and other excipients such as sweeteners, flavorings, and food colorings. Hydrocolloids are
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gel-forming large molecules that have the capability of the composition of three-dimensional network
structures by dispersing in water. [10] The most commonly used hydrocolloid in the preparation of
gummies is gelatin or its mixtures with other gelling agents [11]. Gelatin is a natural animal-sourced
polymer that is obtained from collagen [12]. While it is possible to produce well-structured gels using
gelatin, this polymer is not suitable for use by vegans. Plant-origin foods have recently been an alternative
to those of animal origin, especially for vegans. For instance, in the candy and supplement industry, studies
on the production of gelatin-free gummy formulations have increased in recent years. This is also important
for the field of pharmacy. The development of gelatin-free dosage forms, especially for vegans or children
allergic to gelatin, may provide advantages in this area. Hence, a fruit-based gelling agent, pectin or
seaweed-based hydrocolloid, carrageenan could be an alternative to gelatin [13]. Carrageenans are natural
polysaccharide polymers obtained from marine seaweeds. They have immunomodulatory, antioxidant,
and anti-inflammatory effects [14]. It is possible to classify carrageenans into three main groups according
to the sulfate groups they contain: kappa- (k-carrageenan), iota- (i-carrageenan), and lambda- (A-
carrageenan) carrageenans. Carrageenans exhibit a well-known soft-dependent gelation mechanism. The
most important parameter of the gelation process of carrageenans is the presence of calcium or potassium
salts in the medium. Another significant parameter here is that the gelation process is fully reversible
depending on the temperature [15, 16]. Although carrageenan is generally used in the food industry, it also
offers promising results in the preparation of pharmaceutical formulations. The different types of
carrageenans are excellent candidates for the production of formulations with controlled release properties.
There are many studies in the literature in which carrageenan-based hydrogel formulations with controlled
release of drugs are prepared. [15, 17, 18].

Patient-specific drug-containing gummies, which are defined as 'drugumies', are dosage forms
having the appropriate appearance and organoleptic properties. These dosage forms can improve
treatment adherence and reduce adverse psychological symptoms accompanying the diseases, especially
in pediatric patients [19]. The difficulty of swallowing oral solid dosage forms is one of the patient
compliance problems, especially for specific patient groups such as pediatrics and geriatrics. It can also be
a struggle for adolescents due to the shape, size, or taste of the dosage forms. To overcome these problems,
scientists have focused on the development of fast-dissolving or chewable dosage forms [20, 21].

Dexketoprofen trometamol (DXT) is a water-soluble salt of an anti-inflammatory, and antipyretic
agent, dexketoprofen, a nonsteroidal anti-inflammatory drug (NSAID). DXT is a drug with high efficacy
and safety even at low doses. There are oral, intra-articular, and intravenous administrations of DXT in
pain management [22-25].

The main objectives of the present work were to produce chewable vegan gummy formulations of
DXT and conduct various characterization studies on them. There are few studies in which drug-loaded
gummies were developed using three-dimensional (3D) printers. However, the main gelling agent was
gelatin in the mentioned studies [19, 26]. To the best of our knowledge, the current study represents an
innovation for the preparation of drug-loaded vegan gummies using a plant-based polymer. In this context,
dexketoprofen (DXT) containing gummies were manufactured using carrageenan (Gelcarin®GP-379) as the
gel-forming polymer. In the study, the characteristics (morphology, physical properties, release profile,
thermal behavior and gel viscosity) of the prepared gummies were also evaluated.

2. RESULTS

The gummy formulations coded F1-F4 were successfully prepared. The images of the prepared
gummies were demonstrated in Figure 1.

F1 F

2 F3 F4

Figure 1. Images of the formulations F1-F4.
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2.1. Viscosity measurements

The viscosity of the gel mixtures was measured at 50°C, the pouring temperature into molds.
Formulation F2 showed the highest viscosity value because of containing carrageenan and KH.POs more
than other formulations (Figure 2). The formulations F1 and F2 contained 0.75% KH2POs, while
formulations F1 and F2 contained 0.5% KH2POs. In addition, F1-F3 and F2-F4 were prepared at the same
carrageenan concentrations. The formulation F2, which consisted of the highest amount of carrageenan and
KH,POs, showed the highest viscosity.
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Gummy formulation
Figure 2. Viscosity results of the formulations F1-F4.
2.2. Physical characterizations and drug content of gummies

The thickness, diameter, and weight of the gummy formulations were summarized in Table 1. There
was no significant difference between the characterization results of the prepared formulations. A gummy
formulation weighing an average of 2.5 g was expected to contain 2.5 mg (1%) of DXT. DXT content of the
prepared gummies was calculated as 91%x1, 94%+2, 93%=3, 94%=3 for the formulations F1, F2, F3, and F4,
respectively (Table 1).

2.3. Scanning electron microscopy (SEM) analyses

The morphological properties of air-dried gummies were investigated via SEM imaging. While
Figures 3A and 3B showed drug loaded F1 gummy, Figures 3C and 3D showed blank F1 gummy. Drug-
loaded gummy (drugummy) had a rougher surface than the blank one.

2.4. Differential scanning calorimetry (DSC) analyses

DSC thermograms of DXT, carrageenan, and the formulation F1 were shown in Figure 4. DXT
exhibited a sharp endothermic peak at 107°C, which represented the melting point of the drug [27].
Carrageenan revealed an exothermic peak at 178°C, which represented its degradation temperature [28].
The DSC curve of the gummy formulation F1 showed an endothermic peak above 100°C due to the water
evaporation event which occurred in the hydrogel structure [26].

Table 1. Physical and drug content analyses results of the formulations F1-F4.

Formulation code  Thickness Diameter Weight Drug content
(mm, n=6 (mm, n=6 (g, n=6 (mg, n=3
Mean *SD) Mean *SD) Mean *SD) Mean *SD)

F1 6.9+0.2 18.9+0.4 2.55+0.11 22.83+0.35

F2 7.0£0.3 18.9+0.2 2.5610.17 23.51+0.56

F3 6.7+0.3 18.740.3 2.4940.17 23.24+0.79

F4 7.1£0.3 18.8+0.3 2.61+0.15 23.50+0.50
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Figure 3. SEM images of air-dried F1 drug gummy (A,B; 1000x,5000x magnification, respectively), F1
blank gummy (C,D; 1000x,5000x magnification, respectively).
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Figure 4. DSC thermograms of DXT, carrageenan, and F1 gummy.
2.5. Drug release studies

In vitro dissolution test is one of the significant quality control tests for oral dosage forms. Dissolution
testing is considered among the critical performance tests which provide information on drug absorption
and in vivo bioavailability of a pharmaceutical formulation after oral administration. These tests are used
for defining and predicting the drug release behavior of a dosage form [29, 30]. Investigating the in vitro
drug release properties of the prepared gummies was one of the main purposes of the present study. In the
present study, a 2-hour drug release profile was obtained for all the formulations (Figure 5A).

To investigate the effect of chewing function (in the mouth) on the release profile, the gummy
formulations were crushed. The crushed gummies released the drug with a higher dissolution rate,
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compared to uncrushed ones. While the crushed forms of F1 and F3 released ~100% of the drug in 120 min,
crushed forms of F2 and F4 released ~90% the of drug in 120 min (Figure 5B).
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Figure 5. In vitro drug release profiles of the uncrushed (A) and crushed (B) gummies.

The in vitro dissolution data were plotted in different kinetics models to investigate the release
mechanism of drug-loaded gummies. Korsmeyer-Peppas kinetics presented the best fit to the experimental
data of all formulations according to the highest R2,4jvalues. “n” values were found to be between 0.43 and
0.85 (Table 2). In addition, drug release from the formulations F1 and F3 also followed first order kinetics.

Table 2. Kinetics models for drug release mechanism of gummies.

Model Parameter Equation Formulation
F1 F2 E3 F4
Zero order R2a4j F = ko*t 0.8671 0.8397 0.8431 0.7923
ko 0.824 0.632 0.904 0.771
AIC 63.2950 59.7707 66.1580 65.2872
First order R2,d; F = 100*[1-Exp(-ki*t)] 0.9955 0.9632 0.9940 0.9684
ki 0.016 0.010 0.019 0.014
AlIC 32.8598 46.5341 36.8396 48.3416
Higuchi R2a4j F=knti)2 0.9798 0.9894 0.9859 0.9941
ku 7432 5.728 8.187 7.033
AlIC 46.3492 35.3163 44.4522 33.3008
Korsmeyer-  RZgj 0.9946 0.9976 0.9951 0.9960
Peppas ki F=kip * tn 4752 4.164 5.804 5.971
n 0.606 0.576 0.582 0.539
AIC 35.2520 22.8162 35.8170 30.4748

*F: the fraction of drug released at time t, and ko, ki, kkp and ku are the rate constants for the mathematical models

“_

Zero-order, First-order, Korsmeyer-Peppas, and Higuchi, respectively. “n” is the release exponent of Korsmeyer-
Peppas equation. AIC: Akaike information criterion, R%dj: Adjusted determination coefficient.

3. DISCUSSION

DXT-containing gummy formulations were prepared successfully (Figure 1). Increasing the
concentration of carrageenan in gel mixtures increased viscosity as expected [31]. Thus, formulations F2
and F4 exhibited higher viscosity values compared to formulations F1 and F3, respectively. It is known that
cations (potassium, calcium, etc.) used as gelling agents affect the rheological and mechanical properties of
carrageenan gels [32, 33]. The presence of potassium ions causes rigid and stiff gels of carrageenan [34, 35].
The fact that F2 gel mixture had a higher viscosity than F1 and F4 mixture had a higher viscosity than F2
can be explained by the increase in the amount of potassium in the mixtures (Figure 2) [36].

There was no significant difference between the characterization results of the prepared
formulations. It was concluded that the formulations prepared by pouring into the same mold had the
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same dimensions. This showed the reproducibility of the manufacturing process (Table 1). When the blank
gummy was examined with a higher microscope magnification, pores were observed on its surface. It was
thought that the drying process might cause deformation in the gel structure of the carrageenan gummies
[37]. Thus, pores were formed on their surfaces (Figure 3D).

According to DSC thermograms, the melting peak of DXT was not observed in the gummy
formulation. This can be caused by the low content of the drug. On the other hand, DXT might transform
from crystalline to amorphous state resulting in the absence of melting endotherm in the gummy
formulation (Figure 4).

The concentration of carrageenan in the formulations F2 and F4 (4.5%) was higher than that in the
formulations F1 and F3 (2.5%). Thus F1 and F3 gummy formulations released the drug they contained
faster than F2 and F4. In a study by Zhu et. al, carrageenan-poloxamer 407 composite gel systems were
prepared. As the carrageenan concentration increased in these systems, it was concluded that the drug
release was delayed [38]. The gel-forming salt, KHoPO4, was thought to affect drug release from the
gummies. F1, F3, and F2, F4 contained the same concentration of carrageenan. However, F4 released DXT
faster than F2, and F3 released DXT faster than F1. This can be explained by the potassium concentration
difference in these formulations (Figure 5A).

The in vitro drug release rate difference between the chewed and unchewed gummies showed that
chewing function might have an accelerating effect on drug release from carrageenan gummies (Figure 5B).
Such a profile comparison is important because patients may swallow the gummy after holding it for a
while or chewing it [20]. It is possible to produce oral drug gummies via 3D printing technology. Tagami
et.al, generated gelatin and hydroxypropyl methylcellulose (HPMC) based gummies using a 3D printer.
These formulations exhibited rapid drug release because of the polymers used in the study [26]. In another
study, ranitidine HCl gummy formulation was printed by Herrada-Manchoén et. al. They also used
carrageenan for the preparation of gummies. However, the main gelling agent was gelatin there. In this
study, one formulation exhibited an immediate-release profile while the other exhibited an extended-
release profile [19]. These studies showed that drug gummy formulations might be fabricated to achieve
both immediate and controlled release properties. Carrageenan is preferred in the pharmaceutical field due
to its sustained-release properties [39]. It has suitable gel-forming properties and promotes sustained drug
release [40, 41]. In addition, carrageenanchitosan-based nano-layered coatings were thought to be
promising for the controlled release of bioactive compounds [42]. In the study by Sonawane et.al,
carrageenan was used for the preparation of zaltoprofen extended-release pellets. In our study,
carrageenan-based DXT gummies also exhibited an extended-release profile [43]. The in vitro dissolution
data exhibited a good correlation with the Korsmeyer-Peppas kinetics model considering the highest R2,q;
values (Table 2). According to the Korsmeyer-Peppas model, drug release from the hydrogels is process
and diffusion dependent. The obtained gummies were carrageenan-based hydrogel formulations and thus,
performed a diffusion and matrix swelling controlled drug release profile as expected (“n” values were
found to be between 0.43 and 0.85, that indicated the diffusion and swelling controlled non-Fickian release)
[44, 45].

4. CONCLUSION

The oral drug gummy formulations were prepared and characterized successfully, in the current
work. One of the most significant points here was that the prepared formulations were gelatin-free and
suitable for use by vegans and patients allergic to animal products. This is also important for global
sustainability. This has been achieved with an eco-friendly polymer with controlled release properties,
carrageenan. The intact form of the resulting gummy formulations exhibited prolonged-release properties,
while the crushed ones released the drug faster. Further studies will be conducted to develop gummy
formulations with desired and controllable release properties. Gummies, which are considered to be highly
acceptable by patients, are thought to be promising in terms of increasing patient compliance with oral
administration.

5. MATERIALS AND METHODS

5.1. Materials

Dexketoprofen trometamol (DXT), the active pharmaceutical ingredient (API), was kindly donated
by Berko Pharmaceuticals (Turkey). Carrageenan (Gelcarin®GP-379 NF), the gel-forming polymer, was
gifted by IFF (Turkey). Potassium dihydrogen phosphate (KH2PO4) and mannitol (sweetener) were
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purchased from Isolab (Turkey) and CARLO ERBA Reagents, respectively. Buffering materials, solvents,
and other chemicals were of reagent grade.

5.2. Preparation of drug-loaded gummies

To produce drug gummies, four different mixtures were prepared with DXT, gelling agent
(carrageenan), and other excipients. The mixtures were coded from F1 to F4 and the compositions of these
mixtures were summarized in Table 3.

Table 3. Composition of the mixtures used to prepare gummies.

F1 F2 F3 F4
Dexketoprofen trometamol (g) 0.4 0.4 0.4 0.4
Gelcarin®GP 379 (g) 1 1.8 1 1.8
KH2POx4 (g) 0.3 0.3 0.2 0.2
Mannitol (g) 1 1 1 1
Purified water (g) 37.3 36.5 374 36.6

The gummy preparation process was conducted as follows. Firstly, DXT, KH2POj, and mannitol
were dissolved in purified water. After setting the temperature of the solution to 80°C, the required amount
of carrageenan was added gradually. The gelling process was carried out under magnetic stirring (at 800
rpm) keeping the temperature constant. After gelation was completed, the mixture was cooled to 50°C and
poured into molds. The steps of the gummy preparation was shown in Figure 6.

> (>

- S -0

Solving DXT. KH,PO,.

T Adding Pouring gel mixture
and mannitol in

fied wat carrageenan slowly into molds
Illlrl 1ed waler 26

Figure 6. The preparation process of the gummies (created with BioRender).

5.3. Viscosity measurements

Viscosity measurements of the mixtures which were used for the preparation of gummies were
carried out using a rotational viscometer (Brookfield Ametek DV2T Viscometer) equipped with a spindle
(LV 65). The rotation speed was set to 50 rpm. The measurements were performed in triplicate. The test
was conducted after cooling the gel mixtures to 50°C (the temperature at which gels are poured into molds)
and during the test, the temperature was kept constant.

5.4. Physical characterization of gummies

To evaluate weight uniformity, 6 gummies were randomly selected and then weighed. The mean
and standard deviation (SD) of the measured weight values were calculated. The thickness and diameter
of the gummies were also measured with the help of a digital micrometer.

5.5. Drug content of gummies

The gummies were dissolved in a 200 mL pH 6.8 buffer solution under magnetic stirring. After the
gummies completely dissolved, samples were taken from the gummy solution and filtered through a 0.45
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pm membrane filter (Nylon, 25 mm). The concentration of DXT was measured spectrophotometrically at
A=287.4 nm using a UV-Vis spectrophotometer (Shimadzu, UV-1280). The used analytical method was fully
validated.

5.6. Scanning Electron Microscopy (SEM) analyses

The morphological properties of the drug-loaded and blank gummies (only for formulation F1) were
examined using a scanning electron microscope (Carl Zeiss 300VP). The drug-loaded (drug gummy) and
blank gummies were air-dried and coated by a rotary pump coater (Quorum Q150 Res) before the analysis.

5.7. Differential Scanning Calorimetry (DSC) analyses

The thermal behavior of DXT and carrageenan was investigated via a DSC study. In this study, a
DSC analysis of the F1 formulation was also performed to check whether the thermal properties of DXT
and carrageenan changed during the gummy preparation process. In the analyses, the powder or gummy
samples were enclosed in aluminum DSC pans and DSC thermograms were obtained under a nitrogen
atmosphere using a DSC (TA Instruments, DSC Q2000) instrument. The study was conducted between the
temperatures of 25°C-300°C at a heating rate of 20°C/min.

5.8. Drug release studies

The patients may prefer to use the formulation by sucking or chewing. For this reason, in vitro drug
release studies were carried out both for crushed and uncrushed gummy formulations. The drug release
properties of the prepared gummies were examined via a dissolution tester (Pharmatest, PTWS 120D). In
the present test, the USP paddle apparatus (Type II) was used at the rotating speed of 75 rpm. The
dissolution medium was a simulated saliva fluid (pH 6.8) at 37 £ 0.5°C. The test was carried out for 120
min. The time intervals of the aliquots taken were 5th, 10th, 15th, 30th, 45th, 60th, 90th, and 120th min. The
amount of DXT in the test samples was spectrophotometrically analyzed at A = 287.4 nm via a UV-Vis
spectrophotometer (Shimadzu, UV-1280). To show the effect of chewing, the release properties of crushed
gummies were also investigated with the same method. According to the literature, 40-150 N
(approximately 500-1000 g force) is applied to the formulation in the mouth with the chewing motion, so
in our study, the formulations were thrown into the dissolution medium immediately after applying 1 kg
of pressure before the in vitro dissolution study [46]. The crushed gummies represented the gummies after
being chewed. To predict the drug release behavior of gummies, various kinetic models were applied to
the drug release profile. The applied kinetics models were Zero-order, First-order, Higuchi, and,
Korsmeyer-Peppas. The mathematical modeling study was conducted via the DDSolver program [47].
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