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ABSTRACT 

The purpose of this study was to formulate an antioxidant topical cosmetic molecularly imprinted 

system for skin aging and was to evaluate the formulation in vivo on human volunteers. Molecular 

imprinted cyclodextrins (CDs) were prepared by cross-linking cyclodextrins (CD) in the presence of a 

vitamin E (VE) as template molecule. Characterization studies were performed on molecularly 

imprinted polymers (MIP) and non-imprinted polymers (NIP). Antioxidant effects of formulations 

prepared were investigated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) test. In vivo skin measurements 

were done on human volunteers including sebum, moisture, pH, net elasticity and roughness 

parameters. It was seen that temperature increase influced the particle size of imprinted polymers. It 

was determined that MIP systems have an antioxidant effect. Formulations showed a positive effect on 

skin roughness parameter was determined statistically (p≤ 0.01). The preparation method of MIP is 

simple and quick and it will provide opportunities in future on specific cosmetic formulations.  

 

Key words: molecularly imprinted polymer- vitamin E- β-Cyclodextrine- cosmetic application-  in 

vivo skin measurement 
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1. INTRODUCTION 

Molecular imprinting technology requires the mixture of a monomer and a template molecule with a 

solvent using a crosslinking agent in a porogenic medium to obtain a synthetic specific molecular 

recognition [1, 2]. The obtained molecularly imprinted polymer (MIP) can be utilized for specific 

recognition of the target molecule [2]. MIP systems act as enzyme-like structures [3]. Pharmaceutical 

applications of MIP systems are seperation techniques, drug delivery, chiral resolution of rasemic 

mixtures, quantification of actives and diagnostic sensoring [4]. MIPs show high physical endurance 

and high affinity to receptors. They have simple preparation mechanical strength, resistance to 

temperature and pressure [5]. They have the potential of being used for cosmetic purposes. 

Vitamin E (VE) is known to delay skin aging and is known to be an antioxidant by scavenging the free 

radicals and leads to an antiaging effect [6]. In this study VE imprinted polymer system was 

developed. Characterization studies, in vitro release and in vivo efficacy tests were applied to system. 

 

2. MATERIALS AND METHOD 

VE (Sigma, USA) was used as the template molecule, hexamethylene diisocyanate (HMDI) and tolune 

diisocyanate (TDI) (Sigma, USA) as the cross-linkers, dimethylsulfoxide (Merck, Germany) as the 

solvent and β-cyclodextrine (Fluka, USA) as polymer. Tetrahydrofurane (THF) and acetone were 

purchased from Sigma (USA). Acetonitril, ethanol and methanol were used in high presure liquid 

chromatography studies. The efficacy of MIP formulation was investigated on human volunteers. 

Sebumeter (Courage & Khazaka, Germany), pH-meter (Courage&Khazaka, Germany), Cutometer 

(Courage&Khazaka, Germany) and skin Visiometer (Courage&Khazaka, Germany) were used in skin 

measurements. White beewax, almond oil and sparmaceti oil received from Detsan (Eskişehir, 

Turkey) for cold cream formulations. 

 

2.1. Preparation of MIP and NIP 

The 1:1, 1:2 and 1:3 ratios of β-CyD:α-tocopherol complexes were prepared according to [7]. TDI and 

HMDI were used as cross-linking agents. All the materials were satisfactorily soluble in DMSO. CyD 

and VE were dissolved in DMSO followed by the addition of one of the diisocyanate agents and the 

mixtures were kept at 65ºC for a few hours.  

After the completion of the reaction, the mixture was poured into acetone. The polymer was ground in 

a mortar and washed with water, THF and hot ethanol subsequently to completely remove the non-

imprinted template α-tocopherol, unreacted diisocyanate and free β-CyD.  

The final product was dried at 40º C for 24 h in the oven under vacuum. Non-imprinted β-CyD 

polymers (NIP) were similarly prepared in the absence of α-tocopherol. F1, F2, F3 formulations in 

which TDI was used gel formation was not occurred. The 1:1 (M1), 1:2 (M2) and 1:3 (M3) (ratio β-

CyD:α-tocopherol) formulations in which HMDI was used, gel formation occurred and template was 

imprinted to CyD succesfully. Formulations of MIP and NIP are shown in Table 1. 

  

2.2. Characterization of MIP and NIP 

Characterization studies included particle size determinations, morphology, elemental analysis, fourier 

transform infrared spectroscopy (FT-IR), differential scanning calorimetry (DSC) and X-ray 

diffraction (XRD) [7-10]. 

The antioxidant effect of MIP was determined by DPPH test. Before applying to human volunteers 

microspheres were added to Cold Cream formulation. Formulations were applied on ten human 

volunteers for a duration of one month and skin measurements were repeated once a week.  
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Particle size of formulations were determined at 25º C by photon correlation spectroscopy (PCS) 

(Malvern Instruments, England). Each samples were measured in triplicate for 6 months.  

Elemental analysis is used to determine the percentages of carbon, hydrogen and nitrogen [9]. 

Elemental composition can be illuminate the composition information of obtained polymers.  

Morphological analyzes were used to determine shape of imprinted polymers. The shape and surface 

structure of microspheres were observed using the transmission electron microscope (TEM) (FEI 

Company-Technai™ G
2
 Spirit / Bigtum, USA). 

The spectra of imprinted polymers was acquired by KBr disc method and determine the composition 

of polymer [8-10]. Fourier transform infrared (FT-IR) spectroscopy was performed on MIP and NIP in 

order to investigate the physical characterization. The spectra were recorded by Fourier transform 

infrared spectrophotometer (Perkin-Elmer, England) with KBr disk method between 400-4000cm
-1

 

wavelengths.  

Differential scanning calorimetry (DSC) was performed on a DSC-60 (Shimadzu, Japan). A heating 

rate of 10º C/min was employed in the temperature range of 30-100º C. Analysis was carried out under 

nitrogen purge with a scan rate of 5 K/min. 

X-ray diffractometer (Rikagu, Japan) was performed in order to investigate desorption of VE from the 

imprinted polymer.  

 

2.3. Adsorption and desorption studies 

Active substance in the printed polymer was measured by desorption study with 40% methanol 

solution of potassium hydroxide. Samples were prepared with ethanol extraction and the amounts 

were calculated with HPLC. In absorption studies, 1 mmol of vitamin E was dissolved in 50 ml of 

ethanol and stirred with MIP which was desorbed for 90 minutes at room temperature. The mixture 

was filtered through filter paper and the remaining solution was measured with HPLC.  

 

2.4. Antioxidant activity of formulations 

The antioxidant effect of formulation was determined by DPPH (2,2-diphenyl-1-picrylhydrazyl) test 

[11, 12]. In order to compare the antioxidant activity NIP formulation also analyzed. 5mL of 

formulations were diluted to 25 mL with water. Pure vitamin E was diluted to 25 ml with methanol. 

Various concentrations of formulations were mixed with methanolic solution containing DPPH 

radicals and were shaken vigorously and left to stand for 30 minutes in the dark. In order to determine 

the antioxidant activity all samples measured three times in triplicate. The reduction of DPPH radical 

was measured bu UV spectrophotometer (Shimadzu UV-Visible Recording Spectrophotometer UV-

160 A, Japan) at 517 nm. The radical scavenging activity was calculated as a percentage of DPPH 

discolouration using the equation: 

scavenging % = [(Ac-As)/Ac]x100 where Ac is the absorbance of the control and As is the absorbance 

of the sample. Through extrapolation from linear regression analysis un-scavenged (stable) amounts 

also determined.  

 

2.5. HPLC analysis of Vitamin E 

Vitamin E content of formulations were determined by using reversed-phase HPLC method. HPLC 

apparatus consisting of a pump (LC 10-AD), a UV detector (SPD-20A) and data station (Shimadzu, 

Japan). C18 column (250mm x 4.6 mm i.d., 5μm particle size) was used. The mobile phase was mixed 

composed of acetonitrile: methanol (95:5) and was degassed. The eluent flow was 1 mL/min. and was 

monitored at 292 nm. Injection volume was 20 μL at 30º C.  
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2.6. In vivo efficacy analysis 

Before the study started, Scientific Ethical Committee of Eskişehir Osmangazi University, Türkiye 

(Protocol No: 06-08-22-1) was approved. Within this scope, 10 female volunteers have read the 

written working protocol and their signatures have been taken. Before and after the study, no 

information was given to volunteers about formulation. M1 formulation was used by volunteers twice 

a day, morning-evening, for 4 weeks in the goose foot area. Before the study, skin pH, moisture, 

sebum and elasticity values were measured. These values are taken as baseline. Skin pH, moisture, 

sebum, elasticity and skin roughness measurements were repeated for 4 weeks at 1 week intervals and 

the differences between the formulations were statistically compared. Measurements on the skin were 

performed at 20ºC and 40% relative humidity in a conditioned room. M1 formulation was slected 

because of the lowest particle size for in vivo application. Corneometer
®
, Cutometer

®
 and skin 

Visiometer
®
 (Courage&Khazaka, Germany) were used in skin measurements for skin efficacy tests. 

Stastical evaluation was performed with Two-Way-ANOVA test. 

 

3. RESULTS  

Particle size of formulations are given in Table 1. The particle size change according to temperature is 

shown also in Table 1. 

In order to investigate the polymer stability it is useful to performe DSC analysis with MIP 

formulations. The DSC pattern of formulations were given in Figure1.    

For dedicating the cristinality and stability of polymer X-ray analysis is not adequate. It is useful to 

compare datas of DSC and X-ray together. X-ray diffraction patterns of formulations were given in 

Figure 2.  

Morphological studies were revealed in order to investigate the particle shapes and results were given 

in Figure 3.   

Elemental analysis of prepared α-tocopherol polymers was performed by weighing at 2-2.5 mg 

formulations and using elemental analysis device. The analysis results are given in Table 2.  

Antioxidant activities of formulations were determined with DPPH test. Because of the excipients 

used during formulation might have antioxidant effect, placebo formulations activity also performed 

and given in Table 3.  

Formulations in vitro release properties were investigated by Franz diffusion cells with cellulose 

acetate membrane (MW. 12000 Da). Figure 4 shows the ‘% cumulative release of vitamin E’ from 

formulations. At the end of 48 hours vitamin E was released from M1, M2 and M3 with the rate of 

82.45 %, 76.95 % and 71.45 % respectively. 

During the in vivo efficacy tests, skin moisture, skin sebum, skin pH were performed with 

Corneometer
®
, skin elasticity was performed with Cutometer

®
, skin roughness was performed by Skin 

Visiometer
®
 and VisioScan

®
. The results were given in Figure 5. Skin replicas (Figure 9) and with 

camera (Figure 10) the condition of skin surface was evaluated. 
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Table 1.  Particle Size Distribution of Formulations According to Temperature (n=3) 

 

Formulations 

Particle Size (μm) ± Standart error 

65º C 80º C 95º C 

M1 10.233 + 0.012 25.171 + 0.008 51.037+ 0.001  

M2 12.351 + 0.021 18.632 + 0.011 39.455 + 0.007 

M3 12.351+ 0.018  21.356+ 0.013 28.698+ 0.021 

 

Table 2. Elemental Analysis Results 

 After 

desorption  

After 

ansorbtion 

NIP M1 M2 M3 

C 49.888 49.977 49.677 49.980 51.467 58.509 

N 8.778 9.658 7.624 9.772 9.923 9. 982 

H 8.564 8.665 7.937 8.795 9.831 10.742 

 

 

Table 3. Scavenging activity of formulations according to DPPH test 

 

Decayed %  DPPH Amount  ±  Standard Error 

Samples M1 M2 M3 NIP -Tokoferol 

250  

L/ 3 mL 
10.26±0.00 14.868±0.00 12.28±0.00 - 94.05±0.00 

100 

L/ 3 mL 
4.68±0.00 7.89±0.00 5.21±0.00 - 93.89±0.00 

50  

L/ 3 mL 
2.31±0.00 3.15±0.00 2.59±0.00 - 93.73±0.00 

  (n=3) 
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 Figure 1. DSC Thermograms of formulations a: (NIP),  b: (M1),  c: (M2),  d: (M3)  

 

 

 
Figure 2. X-ray diffraction patterns of (a) NIP; (b) MIP after desorbtion; (c) MIP (M1) 
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Figure 3. Morphology of Formulations a: NIP, b: MIP(M1)  

 

 
Figure 4. Release properties of formulations  

 

 
Figure 5. Changes of skin moisture, sebum, pH, elasticity end roughness parameters  
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4. DISCUSSION 

Transdermal or skin has been used extensively for drug introduction as they offer various advantages, 

including improved bioavailability, longer duration of action resulting in less dosing frequency, 

reduced side effects, more uniform plasma levels and improved therapy due to the maintenance of 

plasma levels over oral and intravenous routes [13]. The particle size is an important parameter in MIP 

stability [1, 3]. There was a change occurred in particle sizes of MIPs when preparing temperature was 

increased. In the morphological characterization process, intermolecular cross-linking has occurred 

due to the preparation method [5]. Irregular particles and large porous polymers were obtained. 

Deformation in the post-desorption MIP is thought to be caused by the release of the active substance. 

According to the sources investigated for the morphological characterization process, it is possible to 

use mercury porosimetry, nitrogen porosimetry and inverse dimension chromatography (ISEC) for the 

investigation of the pore structure [8]. Due to the extremely rigid structure of the imprinted polymers, 

the characterization process is difficult and limited [13].  

In elemental analysis, the percentages of the atoms in the formulation are measured and the cross-links 

are measured in percentages. Results showed that, there was an increase in the percentage of atoms at 

the end of the penetration of vitamin E between the NIP and MIP formulas. Likewise, an increase in 

atomic percent was observed after desorption and after absorption. 

In vitro release tests were performed by Franz diffusion cell. . Formulations were found to be able to 

release slowly thus the synthesized polymeric matrices represent a very useful novel controlled drug 

dosage device [14]. For both the tested polymers, the experimental data confirmed that MIPs are more 

effective in controlling the template release because of the presence of the specific functional groups 

in the imprinted cavities which strongly interact with vitamin E [15]. 

According to DPPH analyses formulations which was containing vitamin E showed antioxidant effect. 

Compared with the NIP formulation, imprinted formulations were found to be antioxidant. 

After 4 weeks application period skin moisture was changed positively but this change was not 

statistically significant (p>0.05).  MIP formulation also changed skin sebum statistically (p≤ 0.01). 

This increase was good for the volunteers who has dry skin; but it was not good for the volunteers that 

have oily skin. Skin pH was changed by formulations but this change was not statistically significant 

(p>0.05). This change can be compressed by skin. 

Due to the datas there were no significant skin elacticity changes occurred statistically (p>0.05) for 4 

weeks application. It is thought that no significant change in the elasticity parameter was seen because 

of the short application period and the volunteers have young skin age [16].  

Studying the skin surface is as difficult as studying the surface area of a hill [17]. Ra (average 

roughness) is the 'grandfather' of all skin roughness measurements. Numerical values in micrometer 

size are obtained [18]. In skin viscometer measurements, five different roughness values are detected, 

R1, R2, R3, R4 and R5. These are skin roughness, average roughness, maximum roughness, smoothness 

depth and arithmetic average roughness, respectively. The value of R2 is the value of Ra. Accordingly, 

the arithmetic mean of the roughness segments at different points with Ra is evaluated. A decrease in 

Ra value means a reduction in roughness [19]. The results obtained as a result of 4-week 

measurements were evaluated statistically MIP formulations changed skin roughness very 

significantly (p ≤ 0.01). According to the results of the analysis, the roughness values decreased at the 

end of the 4 week usage period. 
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5. CONCLUSION 

The aim of this work was the preparation of a specific cosmetic delivery system for vitamin E. To this 

end, we used molecular imprinting. The results justified that Vitamin E was loaded to polymers 

successfully. All  the formulations have antioxidant effect. In vivo studies have shown that MIP 

formulation is a good moisturizer and decrease skin roughness parameters. Our work shows that 

molecularly imprinted polymers are promising for cosmetic delivery systems. 
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