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Abstract 
Polymeric film-forming systems for dermal drug delivery represent an advantageous alternative to 

more conventional topically applied formulations. Their mechanical properties and homogeneity can 

be characterised with atomic force microscopy (AFM), using both imaging and nanoindentation 

modes, and Raman micro-spectroscopy mapping. Film-forming polymers, with and without a 

plasticizer and/or betamethasone 17-valerate (a representative topical drug), were dissolved in 

absolute ethanol. Polymeric films were then cast on glass slides and examined in ambient air using 

AFM imaging and Raman micro-spectroscopy. Using nanoindentation, the elastic moduli of various 

films were determined and found to decrease with increasing plasticizer content. Films with 20% w/w 

plasticizer had elastic moduli close to that of skin. AFM images showed little difference in the 

topography of the films on incorporation of plasticizer. Raman micro-spectroscopy maps of the 

surface of the polymeric films, with a spatial resolution of approximately 1 μm, revealed homogenous 

distributions of plasticizer and drug within the films.  
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1. Introduction 

In situ, polymeric film-forming systems (FFS) represent a potentially advantageous approach to 

dermal drug delivery compared to conventional topical dosage forms. FFS are composed of a film-

forming polymer, with or without a plasticiser, and a drug substance all dissolved in a volatile solvent. 

Upon application of the FFS to the skin, the solvent evaporates, and a thin, transparent, flexible and 

cosmetically elegant film is formed 1. The FFS aims to efficiently deliver the required amount of 

therapeutic agent to the target site in the skin over an extended period of time. Ideally, FFS should 

have short drying times and good rub-off resistance (or substantivity) relative to typical semisolid 

preparations.  

In terms of drug delivery, the use of polymeric FFS in tablet coatings is well documented 2. FFS are 

also used in surgery, for example, to help in the closing of incisions 3, 4 and in the pre-operative 

preparation of skin at the incision site 5. A systematic review of polymeric FFS for (trans)dermal drug 

delivery was recently published 1.  

The FFS considered here were based on either a hydrophilic (Klucel) or a hydrophobic (Eudragit) 

polymer. These polymers, known pharmaceutical excipients 6, 7, were selected after screening as 

representative hydrophilic and hydrophobic examples. Screening was based on the polymers’ 

solubility in ethanol, their ability to form complete, transparent films of low stickiness, and an ability 

to sustain BMV release over 72 hours 8. Eudragit and Klucel are used in tablet coatings, and the latter 

is also employed in topical formations, including gels and lotions 9. Ethanol was selected as a 

pharmaceutically acceptable solvent suitable for BMV. The plasticiser, triethyl citrate (TEC), which is 

commonly used in film coatings of tablets, was included to improve the mechanical properties 

(especially the flexibility 10) of, and the drug release behaviour 11 from, the resulting films 1, 12, 13. Film 

flexibility on the surface of skin is important to maintain intimate contact and to ensure that the area, 

across which drug transport occurs, remains constant. This is essential to achieve the desired 

therapeutic benefit and to guarantee patient safety 14.  A range of FFS vehicles, optimised for fast-

drying, non-tackiness and invisibility on the skin, have been formulated and tested.  

AFM can provide both topographical and mechanical information about polymeric films to support 

formulation development and to optimise FFS composition to match the mechanical properties of the 

films to those of skin. AFM can generate a nanoscale image of a film’s homogeneity and roughness 

and is an ideal technique with which to study biological samples; measurements can be made in 

ambient/physiological conditions, and require no special treatment prior to measurement (such as 

staining or coating, which could damage the sample).  

Furthermore, the sensitivity of the AFM cantilever to small forces can be utilized in nanoindentation, 

a valuable tool for the determination of local mechanical properties (such as hardness and elastic 

modulus) of biological samples 15. Nanoindentation has previously been used to characterise 

pharmaceutical solids, such as sucrose 16 and acetaminophen 17, and to determine the effect of a 

topical product on skin (nano)biomechanics 18. Nanoindentation measurements of films for dermal 

drug delivery give information on mechanical differences caused by the incorporation of plasticizers. 

These measurements enable the elastic properties of the films to be matched to those of skin.  

Raman spectra of the polymeric films reveal information about their chemical composition. Chemical 

maps of the films, based on a collection of Raman spectra taken with spatial separations of 1 μm, 

provide a measure of the chemical homogeneity of the films. The intensity of Raman scattering is 

directly proportional to the concentration of the substance from which it originates 19. In the 

pharmaceutical industry, this technique gives information on constituent distribution and 

concentration in tablets 20-22, transdermal tapes 23, film-forming emulsions for dermal drug delivery 24, 

and nasal spray formulations 25. Techniques based on Raman scattering can also be used to track the 

permeation of topically applied compounds through the skin 26, 27. 

In this work, polymeric films for dermal drug delivery were imaged at the nanoscale using AFM. To 

determine the effect of the incorporation of a plasticiser (TEC) on the elastic properties of the film, 

AFM nanoindentation measurements were performed on polymeric films formed from FFS of varying 

compositions. Indentation data were analysed using both the classical elastic (Hertz) model and a 



 
 

model, developed in this work, for viscous-elastic-plastic deformation with a spherical indenter. AFM 

images of the films showed a smooth surface with a roughness below 4nm for Eudragit films and 

larger scale roughness in Klucel films. The films appeared mechanically homogenous. 

Nanoindentation revealed that the addition of plasticizer caused a reduction in the elastic moduli of 

the films. Films with 20% w/w TEC had elastic moduli similar to the elastic modulus of skin 28. The 

addition of a representative topical drug, betamethasone valerate (BMV), had no significant effect on 

the mechanical properties of the films. Raman mapping showed that plasticizer and BMV were 

distributed homogeneously across the mapped area.  

2. Materials and Methods 

2.1 Materials 
Eudragit®RS (ammonio methacrylate copolymer type B) was generously donated by Evonik Röhm 

GmbH (Darmstadt, Germany) and KlucelTM LF (hydroxypropyl cellulose) by Azelis (Lyngby, 

Denmark). TEC and BMV were from LEO Pharma A/S, (Ballerup, Denmark).  

2.2 Preparation of polymeric FFS 
FFS were prepared by combining polymer and absolute ethanol and plasticizer, if used. A 10% w/w 

solution of TEC in absolute ethanol was first prepared by stirring for two hours to ensure complete 

dissolution. The plasticizer stock was then mixed with the appropriate amount of polymer, also 

dissolved in ethanol, the concentration used being dependent upon the FFS desired. The film-forming 

solution was stirred overnight and a clear solution was obtained.  The representative topical drug 

(BMV) was then dissolved in the FFS at a concentration of 1.2% w/w (corresponding to 1% 

betamethasone).  Table I summarizes the FFS compositions investigated in this work.  

Table 1 A summary of the compositions of the FFS tested. 

Formulation Polymer TEC Absolute ethanol Water 

15% Eudragit without plasticizer 15 0 80 5 

15% Eudragit with 20% TEC 15 3 77 5 

15% Eudragit with 40% TEC 15 6 74 5 

5% Klucel without plasticizer 5 0 95 0 

5% Klucel with 20% TEC 5 1 94 0 

5% Klucel with 40% TEC 5 2 93 0 

Content is given in mass fractions %(w/w). Percentages of TEC correspond to the 

percentage of dry polymer weight. 

For AFM imaging, nanoindentation and Raman mapping, the FFS were cast uniformly onto clean 

glass slides, using a micropipette to dispense the solution and spread it out over the required area. The 

coated slides were maintained overnight at approximately 30°C to mimic the temperature of the skin 

surface. Formed films had thicknesses of approximately 10 μm. 

2.3 Raman microscopy 

Raman spectroscopic measurements were performed using an inVia Raman microscope (Renishaw, 

Wotton-under-Edge, UK). The excitation source was a laser operating at a wavelength of 532 nm. To 

determine the characteristic peaks of each component of the films, Raman spectra of Eudragit, Klucel, 

TEC and BMV were initially obtained using 10% of the maximum laser power available, 

approximately 80 mW. Peaks observed in the Raman spectra of TEC and BMV, that were distinct 

from peaks observed in the spectra of the polymers, were used in the mapping to determine the spatial 

distribution of these molecules.  

Raman mapping was performed over areas of approximately 17 x 23 μm2 on both Eudragit and Klucel 

films containing 20% TEC and 1.2% BMV. To obtain a high resolution map of the polymeric films to 



 
 

complement the AFM images, the excitation beam was passed through a pinhole to decrease the 

volume of interaction. The Raman signal obtained in this way originated from an area of 

approximately 1 x 1 μm2, which then corresponded to the area of each pixel in the chemical maps. 

Mapping was performed with the maximum laser power available (80 mW) at which no damage to 

the sample was observed. 

Wire 3.4 software (Renishaw) was used to analyse the Raman spectra. Spectral parameters were 

defined and fitted to specific scattering peaks for TEC and BMV.  The intensities of the TEC and 

BMV peaks at each position then allowed the chemical composition of the film to be mapped.  

2.4 Atomic Force Microscopy 
AFM experiments were performed using a Multimode Scanning Probe Microscope (Veeco, 

Plainview, NY) with a Nanoscope IIIA controller and Nanoscope software (Version 7.341). 

2.4.1 Imaging 

Images were obtained in tapping mode under ambient conditions. ‘All in One’ AFM probes (AlOAl, 

Budget Sensors, Sofia, Bulgaria), with nominal spring constants between 0.2 and 40 N/m and 

resonance frequencies between 15 and 350 kHz, were used for both imaging and nanoindentation. 

Images were analysed using Nanoscope Analysis (Version 1.3, Bruker, Billerica, MA). 

2.4.2 Nanoindentation 

The spring constant of each AFM probe used in these experiments was accurately determined 

according to published methodology 29.  

The shape and radius of curvature of the AFM probe tips used for nanoindentation were evaluated by 

scanning electron microscopy (SEM) (6301F, JEOL, Tokyo, Japan). Probes with tips of rounded 

appearance were selected. By increasing the radius of curvature of the probe tip, the resolution of 

indentation measurements decreases but the tip is less likely to plastically deform the sample under 

low loads. If the probes were not spherical or did not have a large enough radius, electron beam 

induced deposition (EBID) 30 was used to produce rounded tips from standard AFM probes. As the 

maximum depth of indentation was below the radius of curvature of the probes selected, between 27 

and 80 nm, the shape of the indenter could be considered spherical. 

All indentation measurements were performed in contact mode. Parameters such as the approach rate 

and surface delay were specified prior to indentation. The deflection of the AFM cantilever, as it was 

brought into contact with the sample and caused deformation, was recorded as a function of its 

displacement in the vertical direction from its initial position. The elastic modulus of the sample was 

assessed from these data using Hertz 31 and Oyen & Cook 32 models.  

3. Results  

3.1 Raman spectra of film constituents 
Raman spectra of the individual constituents of the films were first recorded (Figure 1), to determine 

characteristic peaks by which they could be identified.  



 
 

 

Figure 1. Raman spectra of the constituents of polymeric films: Eudragit, Klucel, TEC and BMV. 

Spectra are normalised according to the maximum intensity. Arrows indicate the position of 

characteristic peaks for TEC and BMV. 

Obvious characteristic peaks for BMV and TEC were identified at 1670 cm-1 and 1734 cm-1, 

respectively. The peak for BMV was used to monitor the drug in both polymer films; however, while 

the 1734 cm-1 peak for TEC could be clearly distinguished in the Klucel films, it overlapped 

significantly with a Raman signal from Eudragit.  In these films, therefore, TEC was mapped using its 

unique peak intensity at 857 cm-1. 

3.2 Raman chemical mapping 
Mapping was performed at a high spatial resolution to compare with AFM images. The intensities of 

the characteristic peaks of TEC and BMV as a function of position along a representative line in the 

Raman maps of films of (a) Eudragit and (b) Klucel, both with 20% TEC and 1.2% BMV, are shown 

in Figure 2. The polymer was assumed to be evenly distributed throughout the film and its Raman 

signal was therefore used to normalise those from TEC and BMV. For Eudragit with 20% TEC and 

1.2% BMV, the concentrations of plasticiser and drug varied by less than 4%.   

Mapping of the Klucel film with 20% TEC and 1.2% BMV was then performed, with exactly the 

same result. That is, the intensities of the characteristic peaks of TEC and BMV as a function of 

position along a representative line showed relatively small variation (in this case, to no more than 

4%).  

 

Figure 2. Representative Raman line scans of the distribution of BMV and TEC in Eudragit and 

Klucel films with 20% TEC and 1.2% BMV. Line scans are taken along one line of a chemical map of 



 
 

each sample. The maps were obtained from the intensities of characteristic BMV and TEC Raman 

peaks and were recorded every 1 x 1 μm2. 

3.3 AFM images  
AFM images of the topography of the films deposited on glass slides were acquired. Tapping mode 

images were taken over scan areas of 4 x 4 μm2 for all film compositions and two examples are shown 

in Figure 3. Tapping mode imaging was used, as opposed to contact mode, to minimise damage to the 

softer, plasticized films. Unplasticized Eudragit films (Figure 3(a)) show relatively small structural 

features, with heights just below 4 nm (Figure 3(c)), over the surface of the film. Klucel without 

plasticizer shows larger scale structures and a greater roughness (Figure 3(b)) of approximately 20 nm 

(Figure 3(c)). Addition of plasticiser to Eudragit films smoothed the topography further whereas the 

opposite occurs when plasticizer is introduced at 40% into Klucel films (Figure 3(c)). This effect on 

roughness could be attributed to the plasticizer in the polymer network providing “gap fillers”, which 

result in smoother Eudragit films 33. The effect of plasticizer on roughness may be different in Klucel 

films due to the much larger molecular weight of Klucel (95,000 Da), relative to the plasticizer (276 

Da), and compared to Eudragit (32,000 Da). There were no obvious signs of component separation in 

the AFM images of any film either with or without plasticizer, suggesting that TEC and BMV were 

distributed evenly throughout the film. 

 

 



 
 

Figure 3. Pseudo 3D AFM images of polymeric films without plasticiser, cast onto glass microscope 

slides, at scan sizes of 4x4 μm2: (a) Eudragit, and (b) Klucel.  Histograms of feature height frequency 

are in (c), for polymers incorporating 0%, 20% and 40% TEC plasticizer. 

3.4 Nanoindentation 
During AFM nanoindentation, a minimum of eight indents were carried out on each sample. Indents 

were separated by at least 500 nm along the sample surface to ensure that each new indent would 

deform a previously unaffected area of the film. The approach and retract data were taken in one 

measurement cycle and the approach and retract rates of the probe were either 4 nm/s or 16 nm/s as 

specified. For some measurements, a hold of 10 seconds was introduced at the maximum vertical 

displacement of the probe before its retraction.  

 

 

Figure 4. Load as a function of deformation during indentation: (a) Eudragit with 0, 20 and 40% TEC, 

and (b) Klucel with 0, 20 and 40% TEC. 

The load applied to the sample by the probe tip was calculated from the cantilever’s deflection and its 

spring constant. The deformation of a polymeric film (ℎ) at a given deflection (𝐷) is: 

  h = ∆z(D) – ∆zC(D)     (1) 

where ∆z(D) and ∆zC(D) are vertical displacements of the AFM probe, relative to the points of first 

contact, for the polymer film and for a non-deformable calibration sample (glass), respectively. 

The variation of deformation with load on the polymeric films reveals the indentation behaviour of the 

sample and allows selection of a model to fit the data and to extract the corresponding elastic 

modulus. Load-deformation behaviours of all samples are shown in Figure 4, which clearly reveal the 

impact of the plasticizer. The load-deformation result for Eudragit without plasticizer shows the 



 
 

highest load needed for the least deformation. For the film containing 20% TEC, application of a 

lower load produces more deformation showing that the sample is softer. The change is amplified 

further when 40% TEC is incorporated.  Similar behaviour was observed for the Klucel films. 

Figure 4 also reveals that the deformation of all samples is both elastic and plastic. There is hysteresis 

between the approach and the retract curves, meaning that some plastic deformation has occurred. 

When the force from the AFM probe tip is removed and the cantilever returns to its initial deflection, 

a residual deformation is present as the sample has been permanently deformed.  

Viscous deformation was investigated by varying approach rate and surface delay. The approach rate 

is the speed at which the probe is pushed into the sample. The same speed is used to retract the probe 

tip from the sample. A surface delay is used to examine the creep of the probe when it indents the 

sample. To observe this creep, the probe tip is held at the AFM cantilever’s maximum vertical 

displacement, corresponding to the greatest load on the sample. If the sample shows viscous 

behaviour, the probe will sink further into the sample during this holding period even though the 

cantilever is being held at a fixed vertical position. The effects of approach rate and surface delay on 

load as a function of deformation during AFM nanoindentation are shown in Figures 5 and 6. 

 

Figure 5 Load as a function of deformation during indentation of Eudragit without plasticizer and 

Klucel with 40% TEC at approach rates of 4 nm/s (solid lines) and 16 nm/s (dashed lines). 

Less hysteresis between the approach and retract curves was observed at a higher approach rate 

(Figure 5), which allows less time for viscous relaxation. When approaching at a high rate, the sample 

presents a greater resistance to deformation and the apparent stiffness is higher.  
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Figure 6 Load as a function of deformation during indentation of Eudragit without plasticizer (solid 

lines) and Klucel with 40% TEC (dashed lines). A surface delay of 10 s and an approach rate of 16 

nm/s were used in these measurements. 

The impact of viscosity is also illustrated in Figure 6. During the hold period, while the cantilever is 

maintained at its maximum displacement, the probe sinks further into the sample and the deflection of 

the cantilever decreases. This, in turn, results in a decrease of the load on the sample. In the case of 

Eudragit without plasticizer, the load has decreased to 87% of its original value before the hold 

period; for Klucel with 40% TEC, the corresponding figure is 71%. This result is consistent with the 

more viscous nature of the sample containing TEC plasticizer.  

4. Discussion 

4.1 Raman chemical mapping 

To judge the significance of the variability observed in Raman maps of TEC and BMV within 

Eudragit films (Figure 2), variation in the spectral intensity of a characteristic polymer peak was 

determined after different methods of background subtraction. The changes in intensity could 

therefore be considered as error.  It was found that, in the case of the Eudragit film, the polymer signal 

varied by 5%; that is, greater than the variations observed in the TEC and BMV signals.  It follows 

that, within the precision of the measurements made, it can be concluded that BMV and TEC are 

distributed evenly over the mapped area.  

The variability of TEC and BMV across the mapped areas of Klucel films was identical to that of the 

polymer signal variability. Again, therefore, it was deduced that TEC and BMV were distributed 

evenly over the mapped area, consistent with the topographical information from the AFM images 

(i.e., film homogeneity and no phase separation). 

4.2 Determination of elastic modulus 
The elastic modulus of the polymeric films at each indent was determined using two different models. 

The first, the most commonly used to interpret nanoindentation data, was the Hertz model, which 

approximates the indented sample as a linear elastic solid. The assumptions of the model are (i) the 

indenter is non-deformable, (ii) there are only elastic interactions between the probe tip and the 

sample, (iii) the sample is homogeneous, and (iv) the indentation is negligible compared to the sample 

thickness 34. While the original model addressed the contact between two spheres, the theory is easily 

modified to obtain an expression for the load (P) on a planar sample contacted by a spherical indenter 
35: 

  P = (4/3) × R1/2 × Er × h3/2      (2) 

where R is the radius of curvature of the spherical indenter and Er is the reduced elastic modulus of 

the sample, from which the elastic modulus can be determined. The geometry of the indenter 

determines the power to which the deformation ℎ is raised. 

The Hertz model assumes elastic behaviour, i.e., no hysteresis in the load-deformation behaviour of 

the sample. In many cases, small deformations, much shallower than the thickness of the sample, can 

be assumed to be elastic.  

The second (Oyen & Cook) model 32, designed for viscous-elastic-plastic behaviour, extracts the 

elastic modulus from the unloading/retract curves of samples. Viscous deformation is time-dependent 

so the model includes consideration of the time during indentation.  In this model, the elastic, plastic 

and viscous deformations of the sample are represented by an elastic spring, a plastic deformation 

element and a damping element in series. This model was initially developed for conical indentation 

but has been modified for spherical indentation.  As shown in Equation 2, for elastic deformation with 



 
 

a spherical indenter, the load 𝑃 is proportional to h3/2. It can be assumed that viscous deformation for 

spherical indentation follows a power law with the same index as that for elastic deformation:  

  Pv = μ × (dhv/dt)3/2      (3)  

where Pv is the load on the viscous damping element, μ is the damping coefficient, hv is the 

displacement of the damping element and t is the time during indentation. It is usually assumed 32 that 

during unloading no additional plastic deformation of the sample occurs.  

For the series model, the total load is the same in each element and the total displacement of the 

sample (htotal) is the sum of the displacements in each element: 

  htotal = he + hv        (4) 

Following the Oyen & Cook method 32, the load from the AFM probe was increased by approaching 

the tip to the sample at a constant rate, for a time τL until the maximum load Pmax was reached. The tip 

was then held on the sample surface for a time τH at a constant vertical displacement. Finally, the 

probe was retracted at a constant rate for a time τU until the probe and the sample were no longer in 

contact. These loading conditions are shown in the inset to Figure 7. 

From Equations 2, 3 and 4, an expression for the total deformation during the unloading portion of the 

indentation (hUNLOAD(t)) is obtained: 

hUNLOAD(t) = (Pmax/τU)2/3 × ∆t2/3 × {kQ
-2/3 – [(3/5) × μ-2/3 × ∆t]} + hf   (5) 

where ∆t = τL + τH + τU – t, t is the time of the measurement, μ is a damping coefficient, hf is the 

deformation remaining after all force applied by the probe tip is removed, and kQ = (4/3) × R1/2 × Er.  

Equation 5 may be simplified to 

  hUNLOAD(t) = (a × ∆t2/3) + (b × ∆t5/3) + c    (6) 

and fitted to the unloading data. From the derived parameter (a), the reduced modulus was then 

extracted. An example of the fit of this model to the experimental data is shown in Figure 7.  

 

Figure 7. Fits of the Hertz and Oyen & Cook models (upper and lower solid lines, respectively) to the 

experimentally measured load as a function of deformation (crosses) during indentation of Eudragit 

with 20% TEC. The inset to the figure shows the AFM loading conditions employed in the 

experiment. Load is increased for a period τL until the maximum (Pmax) is reached. The probe is then 

held at this position for a time τH. The probe is subsequently retracted at a constant rate over time τU. 

The experimental data in black were obtained during τL, those in grey were recorded over time τU. For 

the data presented in the main panel, τU=0. 



 
 

The reduced modulus Er, which takes into account the elastic modulus of the indenter and of the 

sample itself, was calculated using both models. Given that the indenter modulus (150 GPa for silicon 
36 and 28 GPa for EBID 37) was much greater than those of the samples tested (0.05-1.6 GPa), the 

elastic modulus (E) of the film can be approximated by:  

  E = Er × (1 – ν2)        (8) 

where ν is its Poisson’s ratio (0.495 for Eudragit and Klucel 38). 

Elastic moduli derived using the Oyen & Cook method are consistently higher than those obtained 

with the Hertz model (Figure 8). If the sample showed only elastic behaviour, the fit of the Hertz 

model to the loading curve would be significantly better than that shown in Figure 7, as less 

deformation would be occurring at a given load without plastic and viscous deformation taking place. 

Instead, the Hertz model overestimates the amount of elastic deformation during loading and, as a 

result, the calculated elastic modulus is an underestimation. The Oyen & Cook model takes into 

account viscous, elastic and plastic deformation of the sample and therefore more accurately 

determines the elastic modulus.  Further, it was found that using different approach rates (4 and 16 

nm/s), and a delay on the sample surface of up to 10 s, had no significant effect on the assessed elastic 

modulus for any film, demonstrating that the second model has successfully taken into account the 

differences in the viscous behaviour of the samples at different loading conditions. 

The elastic moduli, calculated using the Hertz model and the modified Oyen & Cook model, of all the 

polymeric films examined, are in Figure 8. Elastic moduli decreased with increasing plasticizer 

content, as expected 2. The elastic modulus of human skin, determined using a similar technique to 

that employed here, approximately 0.3 GPa 28, is lower than those of unplasticized Eudragit and 

Klucel films. It was found that 20% TEC had to be introduced into the polymers to bring their elastic 

moduli below that of skin and to ensure that the films will be flexible when applied topically and 

enable intimate and prolonged contact. It should be noted that too much plasticizer could cause 

polymer films to become tacky 1 and careful optimisation of a formulation is required to maximise 

both the mechanical and sensorial properties.  

 

Figure 8 Elastic moduli of Eudragit and Klucel films without and with different amounts of plasticizer 

(TEC) calculated using the Hertz and Oyen & Cook models. The elastic modulus of skin 28, 

determined under similar indentation conditions, is shown as a horizontal line for comparison with the 

standard deviation shown in grey. The data shown are the means and standard deviations determined 

from three different samples of each film and a minimum of eight indents per sample.   

5. Conclusion 
AFM and Raman spectroscopy have elicited information on the topography, elastic moduli and 

chemical distribution of polymeric films intended for dermal drug delivery. Raman mapping showed 

that the plasticizer (TEC) and model topical drug (BMV) were distributed homogenously throughout 



 
 

both Eudragit and Klucel films. AFM images provided a nanoscale picture of the topography of the 

films. Nanoindentation of the films revealed that the elastic modulus decreased with increasing 

plasticizer content. The elastic moduli of films incorporating 20% and 40% w/w TEC bracketed that 

of human skin, suggesting that their flexibility and intimate contact in situ may be simply optimised. 

The derivation of a model for the extraction of the films’ elastic moduli from AFM nanoindentation 

has facilitated the comparison of the films and the skin. 

Further AFM and Raman microscopy investigations of these films will assess film formation on skin. 

The moisture from the skin may influence the films’ mechanical properties. Raman chemical mapping 

of the films on the surface of the skin would reveal whether the distribution of the films’ components 

changes after their initial formation as a function of the surface structure of the skin. 
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