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ABSTRACT: Many different active ingredients and excipients are used in the production of pharmaceutical products. 
Selection of the most suitable active ingredients and excipients is one of the most important stages of pharmaceutical 
production. When choosing the active ingredients and excipients, several factors and alternatives should be considered. 
In this instance, it is thought that one of the multi-criteria decision-making techniques, an operational research model, 
the Analytical Hierarchy Process, can assist in identifying the excipients during the pre-formulation stage. Using the 
Analytical Hierarchy Process, the current study seeks to identify the polymers most suitable for producing oral 
dispersible film formulations. The problem's criteria and potential solutions were determined before establishing the 
goal. Then, pairwise comparison matrices were generated, and the generated matrices were sent to the Super Decisions 
Version 3.2 software to reach a solution/result. The study's findings showed that the forming capacity is the most crucial 
factor affecting the choice of polymer to be used in the pre-formulation of oral dispersible films. Hydroxypropyl 
methylcellulose (14.89%) was found to be the best alternative among the polymers, followed by hydroxyethyl cellulose 
(12.04%) and carboxymethyl cellulose (11.58%).  It was revealed that the least preferred polymers were sodium alginate 
(5.6%) and pectin (6.8%), which are natural polymers. It is clear from the outcomes of the various pre-formulation 
investigations that polymer selection in oral dispersible film formulations is one of the most critical points. This study 
provides a new approach to selecting the most appropriate polymers in oral dispersible film formulations.  

KEYWORDS: Analytical Hierarchy Process; Pharmaceutical production; Excipient selection; Pre-formulation; Oral 
dispersible films. 

1.  INTRODUCTION 

The oral route is the most popular method for administering drugs since it is flexible, non-invasive, 
patient-acceptable, and easy to administer [1]. However, there are significant differences in the oral 
bioavailability of the drugs due to a number of factors, including the physiological environment of the 
gastrointestinal tract and the physicochemical properties of the drugs, which affect oral absorption. 
Additionally, most oral drugs undergo first-pass metabolism, which may occur in the gastrointestinal tract 
prior to absorption and most likely in the liver following absorption, resulting in a significantly reduced 
bioavailability [2]. Furthermore, administering solid oral dosages, such as tablets and capsules, to patients 
who have trouble swallowing can be extremely difficult [3]. This is particularly true for the elderly, children, 
individuals with Parkinson's disease, and patients who have just undergone anesthesia [4-7]. Therefore, 
many alternatives to the oral drug administration method have been continually developed for patients who 
are non-compliant, nauseated, elderly, and paediatric patients employing new and innovative technologies 
[2]. Adhesive tablets, gels, and patches are products of technical advancement and provide fast onset of 
action or extended-release that increase patient compliance [8, 9]. Among the bio-adhesive mucosal dosage 
forms, the use of orally disintegrating films (ODFs), provides not only overcomes the swallowing problem 
but also ensures good oral bioavailability [10].  

ODFs are defined in the Turkish Pharmacopoeia as "Single or multi-layer versions of suitable 
materials that are placed in the mouth and dispersed very quickly" and in European Pharmacopoeia 9 as 
"Single or multi-layer layers of suitable materials that can be dispersed quickly when placed in the 
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mouth"[11, 12]. According to the Food and Drug Administration (FDA), ODF is defined as "a thin layer or 
coating that is susceptible to dissolving when it comes into contact with a liquid" [13]. ODFs are mainly 
composed of polymeric matrices, and when they are placed inside the mouth, they immediately soak the 
saliva. Throughout the hydration process, which triggers disintegration and/or dissolution, they release the 
active pharmaceutical agent from the dosage form [14]. Active pharmaceutical ingredients can be 
incorporated with the excipients, which are non-active components added to the formulation to provide the 
dose of the active agent at the proper weight, consistency, and volume and to make it easier to administer 
[15]. Excipients are designed to enhance drug stability and add additional properties to their conventional 
effects as a support and a carrier [16]. Oral dispersing film formulations have a polymeric matrix structure 
consisting of several components. The main components in these formulations are polymers, and substances 
such as flavouring, colouring, and thickener are added to the formulations in addition to the active 
substance [8]. The typical composition of an ODF formulation is given in Table 1. 

Table 1. Components of a general ODF formulation [27]. 

Ingredients                       Percentage (%) 

API                           1-30 

Polymer                           40-50 

Plasticizer                           0-20 

Taste Masking, Colouring and Filling 
agents 

                          0-40 

 
Numerous variables influence the selection of a suitable excipient [17, 18]. Therefore, selecting a 

proper excipient to be used- is crucial since choosing the wrong excipient could result in a loss of economic 
resources and time in the research [19]. Stated differently, a multitude of conditions need to be taken into 
account to create the ideal formulation at the pre-formulation stage. Except for the active pharmaceutical, the 
most essential factor of a successful ODF formulation is the correct choice of the excipients, particularly the 
polymer. In this context, it is thought that an operational research model, the Analytical Hierarchy Process 
(AHP), which is one of the multi-criteria decision-making techniques first developed by Saaty in 1980, can be 
used in the pre-formulation stage for determining the excipients to be included in drug formulations [20, 21]. 
AHP divides a complex problem into a hierarchy concerning one or more criteria [22]. One advantage of the 
AHP is that it can be used to manage situations where people's subjective opinions are a major factor in 
decision-making [23, 24]. 

When oral film preparations in both national and international pharmaceutical markets are reviewed, 
it is seen that there are different pharmacological product groups produced for different purposes, such as 
analgesic, antiemetic, antidiabetic, antihypertensive, etc. It is not feasible to assert, though, that all active 
substances are suitable for oral film formulations [25, 26]. ODFs are rapidly dissolving thin films with a 
surface area of 5 to 20 cm2 that contain drugs integrated within a polymer matrix [27]. Due to its limited size, 
this formulation type cannot be preferred for active ingredients that act in high doses or have high molecular 
weight. In the choice of active ingredients, factors such as solubility, taste, sensitivity to heat, and stability 
are also considered in addition to the dose or molecular weight [28, 29]. 

Researching and selecting suitable polymers to obtain oral films is a long process, and extensive 
research is carried out to ensure the incorporation of different drugs into these films and to overcome some 
of the production bottlenecks [25, 26]. The strength of the oral film is determined by the amount of polymer 
used, and a variety of characteristics, including cost, toxicity, dispersibility, purity, and drug loading 
capacity, should be taken into account when determining which polymer is optimal. Many different types of 
natural and synthetic polymers are used in pharmaceutical production [30]. Each polymer has different 
characteristics and is also a determinant of many properties. The polymers indicated in Table 2 are 
commonly used to prepare ODFs  [1, 25, 28, 29]. 

Table 2. Frequently used polymers in the preparation of oral films [29, 31]. 

Natural polymers Synthetic polymers 

Pullulan Hydroxyethyl cellulose (HEC), 

Starch Hydroxypropyl cellulose (HPC), 

Sodium alginate Hydroxypropyl methylcellulose (HPMC), 
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Pectin Carboxymethyl cellulose (CMC) 

Gelatine Polyvinyl alcohol (PVA) 

Polymerized resin Polyethylene oxide (PEO) 

Chitosan Polyvinylprolidone (PVP) 

 PVA-g-PEG (Kollicoat IR) 

When the literature is reviewed, it is seen that different techniques such as solvent casting, hot melt 
extrusion, semi-solid casting, electrospinning, rolling, solid dispersion, and 3D-printing methods are used in 
the production of ODFs [32-34]. Also, different patented production techniques can be used [35]. Production 
managers from companies indicated that they mostly prefer using the solvent casting method because it is 
inexpensive and doesn't require any specialized equipment for production. Accordingly, Figure 1 illustrates 
the oral film production process with the solvent casting technique, along with the quality control criteria 
that need to be taken into account at each stage. 

 

 
Figure 1. Production steps and related control tests conducted to produce ODFs by solvent casting method 

Production of a new formulation requires extensive studies, as mentioned in previous sections. In 
this context, the production process presented in Figure 1 constitutes the pre-formulation stage in the 
workflow chart for developing a new oral film formulation that will be discussed in this study. The general 
workflow chart for developing a new drug formulation is given in Figure 2. 

 

Peeling, cutting and packing the prepared film

Selection of packaging, moisture control

Drying of the polymeric solution / suspension in a hot air oven (40-50 °C)

Drying temperature, drying time, humidity control

Casting of polymeric solution/suspension

Air trap, viscosity of solution / suspension

Preparation of polymeric solution/suspension

Viscosity of polymeric solution / suspension, miscibility of active substance and polymer, 
temperature during mixing

Solution System Selection

Solubility of active substance and polymer, compatibility of active substance and polymer in 
solvent system
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Figure 2. The general workflow of formulation development [35] 

 

3. RESULTS  

3.1. Defining the problem in Super Decisions Version 3.2 software 

The problem is defined hierarchically in Super Decisions Version 3.2 software, in line with the flow 
chart shown in Figure 6. The hierarchical nature of the problem is shown in Figure 3. 

  

Figure 3. Super Decisions Version 3.2 AHP Network model 
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3.2. Creating a paired comparison matrix for the criteria 

At this stage of the study, decision-makers were asked to compare the criteria in pairs. The answers 
given by the decision-makers and their geometric averages are presented in Table 3. In Table 3, the 
comparisons made by decision-makers are presented as a matrix. There are wi/wj terms in each cell of this 
matrix. These values express how much more important criterion i is than criterion j in order to achieve the 
determined goal. For example, if this value is 5, it is understood that criterion i is strongly important 
compared to criterion j. In this case, similarly, criterion j becomes important at the 1/5 level compared to 
criterion i.  

Table 3. Paired comparison chart for criteria 

Criterion (i) Decision 
maker 1 

Decision 
maker 2 

Decision 
maker 3 

Geometric mean Criterion (j) 

Resource 1/5 1/5 1/7 0.18 Film forming capacity 
Resource 1/3 1/3 1/3 0.33 Appearance 
Resource 1/3 1/5 1/3 0.28 pH 
Resource 1/5 1/5 1/7 0.18 Viscosity 
Resource 1/3 1/3 1/3 0.33 Solubility 
Resource 1/3 1/3 1/3 0.33 Molecular weight 
Resource 1 1 1 1 Ionisation 
Resource 1/5 1/5 1/7 0.18 Disintegration time 
Resource 1/5 1/7 1/5 0.18 Humidity ratio 

Film forming capacity 3 5 3 3.56 Appearance 

Film forming capacity 5 3 5 4.22 pH 

Film forming capacity 1 1 1 1 Viscosity 

Film forming capacity 3 3 3 3 Solubility 

Film forming capacity 3 3 3 3 Molecular weight 

Film forming capacity 5 5 5 5 Ionisation 

Film forming capacity 1 1 1 1 Disintegration time 

Film forming capacity 1 3 1 0.69 Humidity ratio 

Appearance 1/3 1/3 1/3 0.33 pH 

Appearance 1/5 1/5 1/5 0.20 Viscosity 

Appearance 1/3 1/5 1/5 0.24 Solubility 

Appearance 1/3 1/3 1/3 0.33 Molecular weight 

Appearance 1 1 1 1 Ionisation 
Appearance 1/9 1/7 1/7 0.13 Disintegration time 
Appearance 1/5 1/5 1/5 0.20 Humidity ratio 
pH 1/3 1/3 1/3 0.33 Viscosity 
pH 1 1 1 1 Solubility 
pH 1/3 1/3 1/3 0.33 Molecular weight 
pH 5 5 5 5 Ionisation 
pH 1/5 1/5 1/5 0.20 Disintegration time 
pH 1 1 1 1 Humidity ratio 
Viscosity 1 1 1 1 Solubility 
Viscosity 3 3 3 3 Molecular weight 
Viscosity 7 7 7 7 Ionisation 
Viscosity 1/3 1 1/3 0.48 Disintegration time 
Viscosity 3 3 1 2.10 Humidity ratio 
Solubility 3 3 1 2.10 Molecular weight 
Solubility 7 7 7 7 Ionisation 
Solubility 1 1 1 1 Disintegration time 
Solubility 1 1 1 1 Humidity ratio 
Molecular Weight 5 5 5 5 Ionisation 
Molecular Weight 3 1 3 2.10 Disintegration time 
Molecular Weight 3 1 3 2.10 Humidity ratio 
Ionisation 1/7 1/7 1/9 0.13 Disintegration time 
Ionisation 1/5 1/5 1/5 0.20 Humidity ratio 
Humidity ratio 1/3 1/3 1/3 0.33 Disintegration time 
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The geometric mean values calculated in Table 3 were rounded to the nearest integer and transferred 
to the Super Decisions Version 3.2 software. This software offers 4 different methods for binary comparisons: 
Graphic, Verbal, Matrix, and Questionnaire. Questionnaire representation was used in this study, and the 
program output related to the problem is given in Figure 4. 

 
Figure 4. Program output for binary comparison of criteria 

The inconsistency coefficient for this evaluation was calculated as 0.089, and a value below 0.1 
indicates that it is acceptable. 

In line with the ratios presented in Figure 4, it is seen that the most important criterion affecting the 
choice of polymer to be included in oral film pre-formulation is film-forming capacity with a rate of 17.1%, 
followed by viscosity at 15.9% and humidity ratio at 15.2%. 

3.3. Creating a paired comparison matrix for alternatives based on criteria 

The decision-makers compared the alternatives in terms of each criterion to select the best alternative. 
For this aim, firstly, they evaluated alternatives in terms of the first criterion, “sources.” The responses' 
geometric means were rounded to the nearest integer and transferred to the program. These operations were 
performed for each criterion respectively.  

By the pairwise comparison of the alternatives regarding the "source" criterion, the best alternatives 
were sodium alginate, pectin, and pullulan, with the same percentage (18.75%). When the alternatives were 
compared in terms of the "film forming capacity" criterion, the best alternative was pullulan, with 21.83%, 
followed by CMC, with 16.77%, and HPMC, with 15.97%. The best alternative in terms of the "appearance" 
criterion was found to be HPMC with a rate of 16.69%, the best alternative in terms of the "pH" criterion was 
PVA with a rate of 18.44%, and the best alternative in terms of the "viscosity" criterion was HPMC with a 
rate of 36.10%. As a result of the pairwise comparison of the alternatives in terms of the "solubility" criterion, 
PVP, with 26.71%, and HEC, with 26.42%, were determined as the best alternatives. According to an 
evaluation in terms of the "molecular weight" criterion, it was seen that pectin, PVA, and PEO were the best 
alternatives, with the same percentages (approximately 16%). As a result of the pairwise comparison of the 
alternatives in terms of the "ionization" criterion revealed that the alternatives had similar values to each 
other, and HPC was the best alternative with a rate of 14.19%. The best alternative regarding the 
"disintegration time” criterion was PVP, with a rate of 22.21%, and the best alternative in terms of the 
"humidity ratio" criterion was HPC, with a rate of 22.73%. 

When the priority values for the alternatives are combined in line with the pairwise comparisons 
presented above, the priority order of the polymers that should be included in the formulation at the pre-
formulation stage is shown in Table 4.  

In light of the data presented in Table 4, it was determined that HPMC (14.9%) was the best 
alternative among the polymers, followed by HEC (12.0%) and CMC (11.58%).  Furthermore, it was revealed 
that the least preferred polymers were sodium alginate (5.6%) and pectin (6.8%), which are natural 
polymers. The inconsistency coefficient for this evaluation was calculated as 0.083.  
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Table 4. Priorities of alternatives 
Name of the alternative  Normalized by 

cluster 
Percentages 
(%) 

Sodium alginate 0.056 5.6 

Pectin 0.068 6.8 

Pullulan 0.083 8.3 

HEC 0.120 12.0 

HPC 0.096 9.6 

HPMC 0.149 14.9 

CMC 0.116 11.6 

PVA 0.105 10.5 

PEO 0.097 9.7 

PVP 0.109 10.9 

4. DISCUSSION & CONCLUSION 

The manufacturing of pharmaceuticals is a very special and intricate process. Operating a highly 
valued product with strict regulations is more challenging. The pharmaceutical industry is collectively called 
the procedures, businesses, and activities involved in creating, planning, and producing practical 
pharmacological medications. Due to special procurement, manufacturing, and preservation requirements, 
the pharmaceutical supply chain is more complex than other industries [36, 37]. Generally, supply chain 
problems are discussed and evaluated in basic topics such as cost, quality, liability, service, regulations, etc., 
whereas R&D-based problems focus on formulation, market access, manufacturing, patient needs, etc. Even 
supply chains, especially procurement operations and R&D departments and their operations, need to be 
designed and integrated. For instance, during a formulation design, R&D formulators only focus on 
manufacturing, patent rights, currently available raw materials, current literature, and patient needs. Still, 
they must be aware of cost, price, quality (Pharma grade availability), service, etc. These procurement 
operations directly affect the producibility and saleability of the formulated drug [38, 39]. 

Within this study, one of the multi-criteria decision tools, AHP, which has a wide application in 
supply chain operations, tried to be applied in the R&D operations [22, 40]. However, due to the design and 
underlying mathematical method of the AHP approach, many limitations were observed in application in 
the R&D frame. In contrast, cost quality and regulation also needed to be added as primary criteria. Still, as a 
comparison between the pH of the formulation and the cost is not feasible, those types of criteria cannot be 
integrated into the AHP approach field [41]. Hence, we could only analyze the problem of choosing the most 
suitable excipient when preparing oral dispersible films using the AHP technique. This research utilized a 
hierarchy model with ten primary criteria and ten alternatives. The overall priority weight of each 
alternative was calculated using the Super Decisions Version 3.2 software. The study's finding showed that 
the most crucial factor affecting the choice of polymers to be used in the pre-formulation of ODFs is film-
forming capacity, followed by viscosity and humidity ratio, respectively. According to the criteria, the best 
alternative polymer to be preferred was HPMC, followed by HEC and CMC. 

Kaur and Garg (2018) state that polymer selection in oral film formulations is one of the most critical 
points of the formulation stage [42]. Therefore, a holistic multi-criteria decision tool should be designed that 
can simultaneously evaluate R&D and supply chain needs and provide more durable formulations and 
products that have a chance to reach patients. Also, it should be considered that manufacturing principles 
have entirely changed in the twenty-first century [43]. Accordingly, a shorter product life cycle with higher 
risk and uncertainty, highly variable demand, and susceptible supply situations currently define today’s 
market needs. More integrated research approaches should be established for sustainable businesses in the 
pharmaceutical industry. 
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5. MATERIALS AND METHODS 

Within the scope of the study, it will be tried to contribute to the solution of the problem encountered 
by the XYZ pharmaceutical company, which is working on an analgesic (analgesic) effective oral drug 
formulation during the pre-formulation stage. The company deemed the oral dispersible film formulation 
suitable for the target product among the orally dispersible drug formulations. At this point, it is expected 
that a study will be conducted to guide the selection of polymers, which are one of the main components in 
the formation of orally dispersible film formulations, at the pre-formulation stage before starting the 
formulation by the company. Thus, the main aim of this study is to identify the ideal polymer types that can 
be used to produce ODFs during the pre-formulation stage and to provide novel solutions.  
In this context, first of all, general information about the films dispersed in the mouth, the active substances 
and excipients used in the formulations, and the production stages will be given briefly. Afterward, the 
factors affecting the choice of the polymer at the pre-formulation stage as criteria and the polymers that can 
be included in the formulation as alternatives were determined by reviewing the literature and taking the 
opinions of the company's production manager and experts in the relevant field. At the application stage, the 
AHP approach was used to prioritize the criteria and select the most suitable alternative. Therefore, pairwise 
comparison matrices were created for the AHP, the resulting matrices were transferred to the Super Decision 
Version 3.2 software, and a solution was made. 

5.1. Analytical Hierarchy Process 

The structure of the decision-making process is complicated and involves both quantifiable and 
external influences, such as natural phenomena [44]. Like in many other sectors, the pharmaceutical sector 
places a high value on decision-making, which involves weighting all available options to achieve a goal 
while maximizing benefits at the lowest possible cost [23, 45]. AHP, developed by Thomas L. Saaty in the 
1970s, is one of the multiple criteria decision-making (MCDM) techniques based on paired comparisons [46]. 
When complex issues need consideration of multiple elements, the MCDM discipline helps decision-makers 
make decisions [44]. AHP, among these techniques, was mainly used for “sequencing and selection 
problems.” AHP enables the decision-maker to concentrate on comparing just two criteria or options at once 
and allows the problem under evaluation to be organized in a hierarchy [40]. 

The implementation stages of AHP can be summarised in Figure 5 [20, 21, 45, 47, 48]. Briefly, the first 
step of the AHP is determining the main purpose of the decision problem and establishing a decision 
hierarchy. The number of levels of the decision hierarchy depends on the complexity and depth of the 
decision problem and generally consists of three levels [23, 24, 49]. The top level of the hierarchy is the main 
goal. It covers second-level criteria (may also include sub-criteria), and the last level consists of alternatives.  

 
Figure 5. The general hierarchical structure of AHP [47, 48] 
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The second step of the AHP is the determination of relative priorities for criteria and alternatives in 
terms of their importance in achieving the goal. The priority (importance) scale developed by Thomas Saaty 
and given in Table 5 is used when making binary comparisons. 

Table 5. Saaty's pairwise comparison [21] 

Numerical Value Description 
1 Equal importance 
3 Slight importance of one over another 
5 Moderate importance of one over another 
7 Very strong importance 
9 Extreme importance of one over another 

2,4,6,8 Intermediate values between two adjacent values 

Paired comparison matrices are created for both criteria and alternatives. In these matrices, there 
should be an "aij=1/aji" relationship between matrix elements, where aij>0, i ≠ j; and i, j = 1,2,...,n.. The 
pairwise comparison matrix is square, and its size is the number of criteria if criteria are compared; if the 
options are compared, it is the number of choices. Thus, as the number of criteria/alternatives increases, the 
number of pairwise comparisons increases [40, 45]. 

5.2. Application of AHP 

The flow diagram shown in Figure 6 has been used to solve the problem addressed in this study. 

 

Figure 6. Flow diagram followed during the application [38]* 
*Created by the Authors   

The decision problem of this study is "the choice of polymers to be used in the production of ODFs in 
the pre-formulation stage". The company’s production manager responsible for the relevant production 
process and two academicians who are experts in the field of pharmaceutical technology were determined as 
decision-makers as related to the problem dealt with. Then, in the pre-formulation stage, 10 criteria and 10 
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polymer alternatives were determined in line with the relevant literature and expert opinions regarding 
polymer selection in oral film production. 

Criteria: (i) Source, (ii) Film-forming capacity, (iii) Appearance, (iv) pH, (v) Viscosity, (vi) Solubility, 
(vii) Molecular weight (Mw), (viii) Ionization, (ix) Disintegration time; and (x) Humidity ratio. 

Alternatives are those that are not incompatible with the active ingredient selected for pre-
formulation: (i) Sodium alginate, (ii) Pectin, (iii) Pullulan, (iv) HEC, (v) HPC, (vi) HPMC, (vii) CMC, (viii) 
PVA, (ix) PEO, and (x) PVP is preferred.  

Table 6 presents the parameters that need to be taken into consideration when solving the alternative 
polymer problem. Additionally, before starting pairwise comparisons, relevant experts had a chance to 
investigate Table 6.   

Table 6. Properties of polymers [30, 50, 51] 

Polymer Source 
Film 

forming 
capacity 

Appearance pH Viscosity Solution Mw Ionisation Speed 
External 

Humidity 
Level (%) 

Sodium 
alginate 

Natural %0.3-0.9 White powder 6-8 
20-200 

Cps 

It is water soluble. 
Insoluble in ethanol 

and ether 

20000-
240000 

Anionic 
20-206 

min 
Slow 

5 

Pectin Natural %3 
White/ 

yellowish 
powder 

6-
7.2 

2.5-4.9 
dl/g 

Soluble in water 
30000-
100000 

Non-ionic 
60 

min 
Easy 

10 

Pullulan Natural %5-25 
White/ 

yellowish 
powder 

5 
100–180 
mm2/s 

Soluble in hot and cold 
water 

8000-
2000000 

Non-ionic Easy 6 

HEC Synthetic %2-20 

White/ 
yellowish-

white/ greyish-
white, 

hygroscopic 
powder or 

granule 

5.5-
8 

<4000Cps 

It dissolves in hot and 
cold water giving 

colloidal solutions. 
Acetone, anhydrous 

alcohol, ether, toluene, 
etc. 

50000-
1250000 

Non-ionic 
20-206 

min 
Easy 

<5 

HPC Synthetic %5 
White/ 

yellowish 
powder 

5-8 
75-6500 
mPas 

Ethanol, methanol, 
isopropyl alcohol, 

propylene glycol etc. 

50000-
1250000 

Non-ionic 
20-206 

min 
Easy 

1.6 

HPMC Synthetic %2-20 
Fibrous/ 

granular powder 
5.5-

8 
3-100 ,000 

mPas 

It dissolves in cold 
water giving a 

colloidal solution; 
insoluble in ethanol 

(95%), chloroform and 
ether 

10000-
1500000 

Non-ionic 
20-206 

min 
Easy 

1.6 

CMC Synthetic %2-20 
A white granular 

powder 
4-
12 

5-13 ,000 
mPas 

Soluble in water 
90000-
700000 

Non-ionic 
20-206 

min 
Easy 

<10 

PVA Synthetic %3-5 

White or cream-
coloured 

granules or 
powder 

5-8 <95 Cps Soluble in water 
20000-
200000 

Non-ionic 
<37 
min 
Fast 

5 

PEO Synthetic %3-5 
White 

hydrophilic 
powder 

8-
10 

Non-
stable 

Soluble in water <100000 Non-ionic 
<37 
min 
Fast 

<1 

PVP Synthetic %3-5 

A fine, white or 
creamy white 
powder with 
hygroscopic 
properties 

3-7 <95 Cps 

Easily soluble in acids, 
chloroform, ethanol, 

ketones, methanol and 
water; insoluble in 

ether, hydrocarbons 
and liquid paraffin 

2500-
3000000 

Non-ionic 
Easy, 
Fast 

<1 

 
 

Acknowledgements: None 

Author contributions: Concept –Ö.A.D ; Design – Ö.A.D, M.A; Supervision – Ö.A.D, M.A; Resources – Ö.A.D,    M.A; 
Materials – Ö.A.D, M.A; Data Collection and/or Processing – Ö.A.D, M.A; Analysis and/or Interpretation – Ö.A.D, 
M.A;Literature Search – Ö.A.D, M.A; Writing – Ö.A.D, M.A; Critical Reviews – Ö.A.D, M.A; 

Conflict of interest statement: The authors declared no conflict of interest 

http://dx.doi.org/10.29228/jrp.812


Akbal Dagistan and Arslan 
Polymer Selection for ODF Formulations via AHP 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.812 
J Res Pharm 2024; 28(4): 1331-1343 

1341 

 

REFERENCES    

[1] Sevinç Özakar R, Özakar E. Current overview of oral thin films. Turk J Pharm Sci. 2021;18(1):111-
121.https://doi.org/10.4274/tjps.galenos.2020.76390 

[2] He M, Zhu L, Yang N, Li H, Yang Q. Recent advances of oral film as platform for drug delivery. Int J 
Pharm. 2021;604:120759.https://doi.org/10.1016/j.ijpharm.2021.120759 

[3] Breitkreutz J, Boos J. Paediatric and geriatric drug delivery. Expert Opin Drug Deliv. 2007;4(1):37-45. 
https://doi.org/10.1517/17425247.4.1.37 

[4] Lau ETL, Steadman KJ, Cichero JAY, Nissen LM. Dosage form modification and oral drug delivery in 
older people. Adv Drug Deliv Rev. 2018;135:75-84.https://doi.org/10.1016/j.addr.2018.04.012 

[5] Lucci N, McConnell C, Biddle C. Understanding normal and abnormal swallowing: Patient safety 
considerations for the perianesthetic nurse. J Perianesth Nurs. 2018;33(4):375-388. 
https://doi.org/10.1016/j.jopan.2016.07.005 

[6] Ternik R, Liu F, Bartlett JA, Khong YM, Thiam Tan DC, Dixit T, Wang S, Galella EA, Gao Z, Klein S.  
Assessment of swallowability and palatability of oral dosage forms in children: Report from an m-cersi 
pediatric formulation workshop. Int J Pharm. 2018;536(2):570-581. 
https://doi.org/10.1016/j.ijpharm.2017.08.088 

[7] Umay E, Ozturk E, Gurcay E, Delibas O, Celikel F. Swallowing in parkinson’s disease: How is it 
affected? Clin Neurol Neurosurg. 2019;177:37-41. https://doi.org/10.1016/j.clineuro.2018.12.015 

[8] Irfan M, Rabel S, Bukhtar Q, Qadir MI, Jabeen F, Khan A. Orally disintegrating films: A modern 
expansion in drug delivery system. Saudi Pharm J. 2016;24(5):537-546. 
https://doi.org/10.1016/j.jsps.2015.02.024 

[9] Pacheco MS, Barbieri D, da Silva CF, de Moraes MA. A review on orally disintegrating films (odfs) 
made from natural polymers such as pullulan, maltodextrin, starch, and others. Int J Biol Macromol. 
2021;178:504-513. https://doi.org/10.1016/j.ijbiomac.2021.02.180 

[10] Cilurzo F, Musazzi UM, Franzé S, Selmin F, Minghetti P. Orodispersible dosage forms: 
Biopharmaceutical improvements and regulatory requirements. Drug Discov Today. 2018;23(2):251-259. 
https://doi.org/10.1016/j.drudis.2017.10.003 

[11] European pharmacopoeia. 9th edition. [Internet]. Directorate for the Quality of Medicines and 
HealthCare of the Council of Europe (EDQM). 2020. Available from: https://pheur.edqm.eu/home, 
https://pheur.edqm.eu/home. 

[12] Turkish pharmacopoeia 2017 [Internet]. Republic of Türkiye Ministry of Helat. 2017. Available from: 
https://turkishpharmacopoeia.titck.gov.tr/Home/Directory,  

[13] Borges AF, Silva C, Coelho JF, Simões S. Oral films: Current status and future perspectives: I - galenical 
development and quality attributes. J Control Release. 2015;206:1-
19.https://doi.org/10.1016/j.jconrel.2015.03.006 

[14] Choudhary DR, Patel VA, Chhalotıya UK, Patel HV, Kundawala AJ. Development and characterization 
of pharmacokinetic parameters of fast-dissolving films containing levocetirizine. Sci Pharm. 
2012;80(3):779-788.https://doi.org/10.3797/scipharm.1205-15 

[15] Monsuur F, Poncher J, Grace WR, Co, Brandstraat, editors. Effects of excipients on the stability of 
medicinal products. 2010. 

[16] Li M, Du Y, Wang Q, Sun C, Ling X, Yu B, Tu J, Xiong Y. Risk assessment of supply chain for 
pharmaceutical excipients with AHP-fuzzy comprehensive evaluation. Drug Dev Ind Pharm. 
2016;42(4):676-684. https://doi.org/10.3109/03639045.2015.1075027 

[17] Kothari CR. Research methodology: Methods and techniques:.New Age International (P) Limited. 2004. 
https://books.google.com.tr/books?id=8c6gkbKi-F4C 

[18] Train KE. Discrete choice methods with simulation. 2 ed. Cambridge: Cambridge University Press. 2009. 
https://doi.org/10.1017/CBO9780511805271 

[19] Krishnamoorthy K, Mahalingam M. Selection of a suitable method for the preparation of polymeric 
nanoparticles: Multi-criteria decision making approach. Adv Pharm Bull. 2015;5(1):57-67. 
https://doi.org/10.5681/apb.2015.008 

[20] Saaty TL. An exposition on the ahp in reply to the paper "remarks on the analytic hierarchy process". 
Manag Sci. 1990;36(3):259-268. http://www.jstor.org/stable/2631947 

[21] Saaty TL. How to make a decision: The analytic hierarchy process. Eur J Operation Res. 1990;48(1):9-26. 
https://doi.org/10.1016/0377-2217(90)90057-I 

http://dx.doi.org/10.29228/jrp.812
https://doi.org/10.4274/tjps.galenos.2020.76390
https://doi.org/10.1016/j.ijpharm.2021.120759
https://doi.org/10.1517/17425247.4.1.37
https://doi.org/10.1016/j.addr.2018.04.012
https://doi.org/10.1016/j.jopan.2016.07.005
https://doi.org/10.1016/j.ijpharm.2017.08.088
https://doi.org/10.1016/j.clineuro.2018.12.015
https://doi.org/10.1016/j.jsps.2015.02.024
https://doi.org/10.1016/j.ijbiomac.2021.02.180
https://doi.org/10.1016/j.drudis.2017.10.003
https://pheur.edqm.eu/home
https://turkishpharmacopoeia.titck.gov.tr/Home/Directory
https://doi.org/10.1016/j.jconrel.2015.03.006
https://doi.org/10.3797/scipharm.1205-15
https://doi.org/10.3109/03639045.2015.1075027
https://books.google.com.tr/books?id=8c6gkbKi-F4C
https://doi.org/10.1017/CBO9780511805271
https://doi.org/10.5681/apb.2015.008
http://www.jstor.org/stable/2631947
https://doi.org/10.1016/0377-2217(90)90057-I


Akbal Dagistan and Arslan 
Polymer Selection for ODF Formulations via AHP 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.812 
J Res Pharm 2024; 28(4): 1331-1343 

1342 

[22] Forman EH, Gass SI. The analytic hierarchy process: An exposition. Operation Res. 2001;49(4):469-486, 
http://www.jstor.org/stable/3088581 

[23] Albayrak E, Erensal Y. Using analytic hierarchy process (ahp) to improve human performance: An 
application of multiple criteria decision making problem: Intelligent manufacturing systems: Vision for 
the future (guest editors: Ercan öztemel, cemalettin kubat and harun taşkin). J Intell Manuf. 2004;15. 
https://doi.org/10.1023/B:JIMS.0000034112.00652.4c 

[24] Zahedi F. The analytic hierarchy process: A survey of the method and its applications. Interfaces. 
1986;16(4):96-108. http://www.jstor.org/stable/25060854 

[25] Effiong D, Alozie M, Uwah T, Akpabio E. Oral films: Expanding the oral delivery technique, basics, 
challenges and current trends. World J Pharm Pharm Sci. 2019;8:66-91. 
https://doi.org/10.20959/wjpps20193-13174 

[26] Effiong D, Umoh R, Elijah A, Ime S, Ini U. The oral film delivery-application of nanotechnology and 
potential in medication adherence. GSC Biol Pharm Sci. 2020;11:34-
51.https://doi.org/10.30574/gscbps.2020.11.3.0154 

[27] Arya A, Chandra A, Sharma V, Pathak K. Fast dissolving oral films: An innovative drug delivery 
system and dosage form. Int  J Chem Tech Res. 2010;2(1):576-583.  

[28] Bülbül EÖ PA, Özsoy Y. New dosage forms: Oral films. Literatür Ecz Bil Derg. 2019;8(3):171-184. 
https://doi.org/10.5336/pharmsci.2019-70648 

[29] Mahboob MH, Riaz T, Jamshaid M, Bashir I, Zulfiqar S. Oral films: A comprehensive review. IntCurr 
Pharm J. 2016; 5:111-117. https://doi.org/10.3329/ICPJ.V5I12.30413 

[30] Hanif M, Zaman M, Chaurasiya V. Polymers used in buccal film: A review. Des Mono Poly. 
2015;18(2):105-111. https://doi.org/10.1080/15685551.2014.971389 

[31] Van der Merwe J, Steenekamp J, Steyn D, Hamman J. The role of functional excipients in solid oral 
dosage forms to overcome poor drug dissolution and bioavailability. Pharmaceutics. 2020;12(5):393. 
https://doi.org/10.3390/pharmaceutics12050393 

[32] Deng L, Kang X, Liu Y, Feng F, Zhang H. Characterization of gelatin/zein films fabricated by 
electrospinning vs solvent casting. Food Hydrocoll. 2018;74:324-332. 
https://doi.org/10.1016/j.foodhyd.2017.08.023 

[33] Lim SH, Kathuria H, Tan JJY, Kang L. 3D printed drug delivery and testing systems — a passing fad or 
the future? Adv Drug Deliv Rev. 2018;132:139-168. https://doi.org/10.1016/j.addr.2018.05.006 

[34] Takkalkar P, Tobin MJ, Vongsvivut J, Mukherjee T, Nizamuddin S, Griffin G, Kao N. Structural, 
thermal, rheological and optical properties of poly(lactic acid) films prepared through solvent casting 
and melt processing techniques. J Taiwan Inst Chem Eng. 2019; 104:293-300. 
https://doi.org/10.1016/j.jtice.2019.08.018 

[35] Karki S, Kim H, Na S-J, Shin D, Jo K, Lee J. Thin films as an emerging platform for drug delivery. Asian 
J Pharm Sci. 2016;11(5):559-574. https://doi.org/10.1016/j.ajps.2016.05.004 

[36] Enyinda CI. Managing risk in pharmaceutical global supply chain outsourcing: Applying analytic 
hierarchy process model. ProQuest Dissertations Publishing: North Dakota State University; 2008,  

[37] Shah N. Pharmaceutical supply chains: Key issues and strategies for optimisation. Comput Chem Eng. 
2004;28(6):929-941. https://doi.org/10.1016/j.compchemeng.2003.09.022 

[38] Astanti RD, Mbolla SE, Ai TJ. Raw material supplier selection in a glove manufacturing: Application of 
ahp and fuzzy ahp. Decis Sci Lett. 2020;9:291-312. https://doi.org/10.5267/j.dsl.2020.5.005 

[39] Chandran B, Golden B, Wasil E. Linear programming models for estimating weights in the analytic 
hierarchy process. Comput Operation Res. 2005;32(9):2235-2254. 
https://doi.org/10.1016/j.cor.2004.02.010 

[40] Ishizaka A, Pearman C, Nemery P. Ahpsort: An ahp-based method for sorting problems. Int J Prod Res. 
2012;50(17):4767-4784. https://doi.org/10.1080/00207543.2012.657966 

[41] Chen L-H, Hung C-C. An integrated fuzzy approach for the selection of outsourcing manufacturing 
partners in pharmaceutical r&d. Int J Prod Res. 2010;48(24):7483-7506. 
https://doi.org/10.1080/00207540903365308 

[42] Kaur P, Garg R. Oral dissolving film: Present and future aspects. J Drug Deliv Therap. 2018;8:373-377. 
https://doi.org/10.22270/jddt.v8i6.2050 

[43] Wątróbski J, Ziemba P, Jankowski J, Zioło M. Green energy for a green city—a multi-perspective model 
approach. Sustainability. 2016; 8(8):702.  https://www.mdpi.com/2071-1050/8/8/702 

http://dx.doi.org/10.29228/jrp.812
http://www.jstor.org/stable/3088581
https://doi.org/10.1023/B:JIMS.0000034112.00652.4c
http://www.jstor.org/stable/25060854
https://doi.org/10.20959/wjpps20193-13174
https://doi.org/10.30574/gscbps.2020.11.3.0154
https://doi.org/10.5336/pharmsci.2019-70648
https://doi.org/10.3329/ICPJ.V5I12.30413
https://doi.org/10.1080/15685551.2014.971389
https://doi.org/10.3390/pharmaceutics12050393
https://doi.org/10.1016/j.foodhyd.2017.08.023
https://doi.org/10.1016/j.addr.2018.05.006
https://doi.org/10.1016/j.jtice.2019.08.018
https://doi.org/10.1016/j.ajps.2016.05.004
https://doi.org/10.1016/j.compchemeng.2003.09.022
https://doi.org/10.5267/j.dsl.2020.5.005
https://doi.org/10.1016/j.cor.2004.02.010
https://doi.org/10.1080/00207543.2012.657966
https://doi.org/10.1080/00207540903365308
https://doi.org/10.22270/jddt.v8i6.2050
https://www.mdpi.com/2071-1050/8/8/702


Akbal Dagistan and Arslan 
Polymer Selection for ODF Formulations via AHP 

Journal of Research in Pharmacy 

 Research Article 

 

 

 
http://dx.doi.org/10.29228/jrp.812 
J Res Pharm 2024; 28(4): 1331-1343 

1343 

[44] Cebi S, Gündoğdu FK, Kahraman C. Consideration of reciprocal judgments through decomposed fuzzy 
analytical hierarchy process: A case study in the pharmaceutical industry. Appl Soft Comput. 
2023;134:110000. https://doi.org/10.1016/j.asoc.2023.110000 

[45] Arslan M. Application of ahp method for the selection of pharmaceutical warehouse location. Ankara 
Uni Ecz Fak Derg. 2020;44(2): 253-264. https://doi.org/10.33483/jfpau.709528:253-
264.https://doi.org/10.33483/jfpau.709528 

[46] Saaty TL. The analytic hierarchy process: Decision making in complex environments. In: Avenhaus R, 
Huber RK, editors. Quantitative assessment in arms control: Mathematical modeling and simulation in 
the analysis of arms control problems. Boston, MA: Springer US. 1984, pp. 285-308. 
https://doi.org/10.1007/978-1-4613-2805-6_12 

[47] Saaty T, Vargas L. The Seven Pillars of the Analytic Hierarchy Process. In: Köksalan, M., Zionts, S. 
(eds) Multiple Criteria Decision Making in the New Millennium. Lecture Notes in Economics and 
Mathematical Systems, vol 507. Springer, Berlin, Heidelberg, pp. 27-46. https://doi.org/10.1007/978-1-
4615-1665-1_2 

[48] Saaty TL. Fundamentals of the analytic hierarchy process. In: Schmoldt DL, Kangas J, Mendoza GA, 
Pesonen M, editors. The analytic hierarchy process in natural resource and environmental decision 
making. Dordrecht: Springer Netherlands. 2001, pp. 15-35.https://doi.org/10.1007/978-94-015-9799-9_2 

[49] Elahi F, Muqtadir A, Anam S, Mustafiz K. Pharmaceutical product selection: Application of ahp. Int J 
Bus Manag. 2017;12:193. https://doi.org/10.5539/ijbm.v12n8p193 

[50] Pathare YS, Hastak VS, Bajaj AN. Polymers used for fast disintegrating oral films: A review. Int J Pharm 
Sci Rev Res. 2013;21:169-178. 

[51] RxMediaPharm. 2023.  
 

 

http://dx.doi.org/10.29228/jrp.812
https://doi.org/10.1016/j.asoc.2023.110000
https://doi.org/10.33483/jfpau.709528:253-264.https:/doi.org/10.33483/jfpau.709528
https://doi.org/10.33483/jfpau.709528:253-264.https:/doi.org/10.33483/jfpau.709528
https://doi.org/10.1007/978-1-4613-2805-6_12
https://doi.org/10.1007/978-1-4615-1665-1_2
https://doi.org/10.1007/978-1-4615-1665-1_2
https://doi.org/10.1007/978-94-015-9799-9_2
https://doi.org/10.5539/ijbm.v12n8p193

