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Abstract: The objective of this study is to formulate and evaluate a topical gel containing Ectoine for further 

use in treating skin diseases. Three gel formulations were prepared using 1.5%, 2% and 3% of gelling agent 

HPMC K15M and these formulae were evaluated for their physical appearance, pH, spreadability, viscosity, 

in vitro release profile, freeze thaw cycle and ex vivo release. The preformulation studies for both Ectoine and 

HPMC were applied using DSC and FTIR. HPLC analysis of the natural compound was conducted to detected 

concentration of Ectoine in formulated gels. Formulated gels were homogenous, had good consistency, 

spreadability but unstable when subjected to high temperature. Among the three formulae, H1 showed better 

release (91.4%) characteristics than other concentrations. The kinetic data of the release investigated that 

Ectoine release from all examined gel followed the diffusion mechanism except H1 was first order. When ex 

vivo was applied to the selected formula it showed good release through rat skin (85%) after 8 hrs. 
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1. INTRODUCTION  

Ectoine is a natural, water soluble, 

osmoprotectant, amino acid compound which is 

produced by many bacterial cells as a return to 

uncontrolled environmental conditions and osmotic 

stress. Although, it never interacts with natural 

processes inside cell. It was found to have many uses 

especially in cosmetics due to its hydration effect. 

Ectoine has the ability to stabilize enzyme, protect 

human skin, can be used as anti-inflammatory, and 

can be utilized in neurodegenerative diseases 

because of its inhibitory effect(1).  

This active drug is found in commercial 

products with different concentrations as in nasal 

spray, eye drops, lozenges, Mouth and Throat Spray, 

Inhalation solution, cream, and ear spray. Nasal 

Spray is used for treatment and prevention of allergic 

rhinitis symptoms. Eye drops can be used for 

treatment and prevention of allergic conjunctivitis 

symptoms. Lozenges are used for treatment and 

prevention of allergic symptoms in mouth and throat 

that can be caused by airborne allergens also, in 

treatment and prevention of common cold symptoms, 

dry mouth and throat, and hoarseness. Mouth and 

Throat Spray for treatment of dry and irritated 

epithelia in mouth and throat. Inhalation solution for 

supportive treatment to reduce inflammation of the 

airways in case of bronchitis, asthma or Chronic 

Obstructive Pulmonary Disease (COPD). Cream for 

symptomatic treatment, relief of skin redness, itching 

experienced with various types of inflammatory 

dermatoses and prevention of psoriasis. Ear spray for 

treatment of symptoms caused by non-infectious 

inflammation of the outer ear, for prevention of otitis 

externa and earwax plugs, and for eased clearing of 

the outer ear canal (2-4).  

Different uses for Ectoine were found, but also new 

mode of action for this drug have been discovered. 

Ectoine has a whitening property, it can inhibit 

melanogenesis and has no cytotoxic effects(5). 

Bioactivity of the drug can be improved with 

reducing its side effects, enhancing its penetration, 

ease of administration, increase patient compliance 

and enhance the therapeutic efficacy by using it 

topically(6). Delivery of drug through the skin is a 

targeted and an effective treatment for 

dermatological diseases. This drug delivery route has 

been popular because it prevents gastrointestinal 

irritation and metabolic degradation that are caused 

due to oral administration (7, 8). One of the most 

usable topical dosage form is gel. 

For various reason gel provide proper drug 

delivery as they are less greasy, easily spreadable, 

and easy to remove, emollient, thixotropic, and are 

soluble in water. Topical formulations is explained as 
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the release of the drug from the formula followed by 

penetration via the skin to reach tissue or cell. Many 

factors can affect the drug release from topical 

formula, as physical and chemical properties of the 

polymer or active ingredient (9-11). As the skin is the 

most attainable organ of body so, it has become the 

main source for topical administration. Topical 

Medicated products utilized on the mucous 

membrane or skin have many advantage as they 

either promote or renovate an essential function of a 

skin, also it could pharmacologically change a 

behavior in the underlined tissues(12). 

Formulation studies for polymer and drug were 

made to determine any interaction between polymer 

and Ectoine. Different analytical techniques like 

Fourier transform spectrometers (FTIR) and 

Differential scanning calorimetry (DSC) are used to 

determine if there is interaction between drug and 

excipient. Such tests have been shown to be capable 

of rapidly detecting physical and chemical 

incompatibilities (13, 14). DSC is a thermodynamically 

tool that measures the heat energy uptake that occur 

within a sample when there is change in temperature 

either increase or decrease. The calorimetry is 

particularly used to monitor the changes of phase 

transitions. A biochemical reactions, that can be 

described as a single molecular transition of a 

molecule from one phase to another can also be 

determined by DSC. Thermal transition temperatures 

(Tt; melting points) are also inspected in solution, 

solid, or mixed phases such as suspensions(15, 16).  

On the other hand, Fourier transform spectrometers 

(FTIR)is a tool that is used to obtain infrared 

spectrum of emission, absorption, and 

photoconductivity of solid, liquid, and gas. It is also 

used to detect various functional groups. FTIR 

spectrum is measured between 4000 and 400 cm−1. 

Various techniques can be used to 

quantitatively detect Ectoine, utilizing HPLC and 

qualitatively analysis by NMR (17). But until this time, 

there is no specific effective HPLC method that can 

be used for screening and quantifying Ectoine. So, a 

method that can determine a numerous quantity of 

isolates along with an acceptable range of accuracy 

and reproducibility rapidly became essential. For 

excellent separation of low polarity substances RP-

HPLC is used. On the other hand, it should be 

considered that RP-HPLC would not give enough 

separation for highly polar substances. For Highly 

polar substance high aqueous mobile phase is needed 

to yield enough retention by the reverse phase. For 

Ectoine determination a high qualified RP-HPLC 

chromatographic column is essential due to 

considerable reduction in the lifetime of the 

chromatographic columns(18). Polar embedded 

stationary phase methods have been progressed using 

amides. This phase ‘wettability’ has been raised by 

the polar functional group found at the surface, that 

will decrease phase collapse, which will make this 

phase harmonious with mobile phase of up to 100% 

water content. Moreover, the polar functional group 

provides sharp peak shape for high polar and strong 

basic compounds with various selectivity than the 

traditional C18 columns(19). 

The study objective was to formulate Ectoine 

topical gel utilizing hydroxypropylmethylcellulose 

(HPMC K15M) to enhance the skin penetration of 

Ectoine for use in many skin diseases. HPMC K15M 

was selected due to its good swelling properties, 

accommodation of high levels of drug and nontoxic 

nature.  

2. MATERIALS AND METHODS 

2.1 Materials 

From Biotop Company (In Germany) Ectoine 

was procured. Hydroxypropylmethylcellulose 

(HPMC K15M) was Supplied by Eipico Pharma 

(Egypt). Cellulose membrane Spectra Pore (12,000 - 

14,000 molecular weight cut-off) was procured from 

Chemical Company Sigma.  

2.2 Preparation of gels containing Ectoine 

For Formulation H1, H2 and H3 specific 

amount of Ectoine for each formula was weighed. 

Then Ectoine was dissolved in weighted amount of 

distilled water (solution A). Specific quantity of 

HPMC K15M was weighted to give the needed 

concentrations (1.5%, 2 and 3%), then the powder 

was added gradually to three quarter of hot distilled 

water (60°C) and stirred until dissolved. Stirring was 

stopped when a clear solution, with no lumps was 

observed. The rest of water was cooled and added to 

solution with mixing till smooth homogenous gel 

was made (solution B). The gel was left overnight in 

refrigerator for complete gel dispersion after that 

solution A was added on the gel, then mixed together 

till complete homogeneity. The final weight was 

100g (20). 

Table 1. Gel formulations containing Ectoine  

Formula Code 
HPMC 

K15M  

¾ of total water 

volume 

HPMC 

K15M  

Stirring till 

homogenous 
5ml water 

H1 1.5%            1.5gm √ * 

H2 2% 
 

2gm √ * 

H3 3% 
 

3gm √ * 

              *Ectoine 7% was added in each formula.    Hot distilled water.  
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2.3 Differential scanning calorimetry and fourier 

transform spectrometers (FTIR) 

In this study to test for compatibility DSC 

apparatus {DSC822e Mettler-Toledo differential 

scanning calorimeter (Mettler-Toledo International 

Inc., Columbus, OH, USA)} and Fourier transform 

infrared spectroscopy (1600 series, Perkin-Elmer 

Corporation, Norwalk, USA) in transmittance mode 

were used. The samples were first prepared, 1mg 

from each Ectoine and HPMC was weighted, and 

then a mixture of both Ectoine and HPMC was 

prepared consisting of 1mg from each. Then the 

samples were placed in aluminum pans under 

dynamic atmosphere of N2 (flow rate of 50 ml min-

1) and heating rate of 10 min-1 in the temperature 

range from 25 to 450 oC. Tests were carried out 

individually with Ectoine, polymer and previously 

prepared physical mixtures to test DSC. Moreover, to 

ensure compatibility FTIR was also used. The 

spectra were obtained in the spectral area 400-4000 

cm-1, with a resolution 0.5 cm-1 at room temperature 

and heat treated at 240 and 260 oC (21). 

 

2.4. Evaluation of Polymer based gel containing 

Ectoine 

 

The formulated Ectoine gel was evaluated for 

the following parameters: 

 

2.4.1 Analysis using HPLC  

 

A developed green method, established on polar 

RP-HPLC was used for quantifying and screening 

Ectoine from gel formulae prepared according to 

ICH guidelines and Chinese Pharmacopoeia (22). 

HPLC system model 1100 (Agilent Technologies, 

USA), with aquaternary pump, an autosampler, a 

variable wavelength detector and a chromatographic 

column of HiQsil C18 HS column (5µm particle size, 

250 x 4.6mm) were used. The samples were prepared 

first before analysis, 1gm from each formula was 

weighted in volumetric 100 ml flask, then completed 

with phosphate buffer pH (6.4). All conical flask 

were placed in sonicator and left for 2 hr to ensure 

complete dissolving of gel. 1ml from each sample 

was withdrawn using micropipette then filtered using 

0.45µm filter syringe. The concentration of Ectoine 

was determined with microgram/ml. The retention 

time of each formula was in range between 3.4-4 min 

until a sharp peak was shown. Injection time was 

fixed for 5 min and UV wave length at 210 nm. The 

mobile phase used was HPLC distilled water to 

obtain adequate retention by reverse phase. Then the 

analysis was applied using a reverse phase technique 

by the use of C18 column.  

 

 

 

 

 

 

 

 

 

Figure 1. Chromatogram of Ectoine, revealing its 

concentration in gel. 

2.4.2. Preparation of calibration curve 

Calibration curve for the estimation of Ectoine 

content in the dissolution medium: To prepare a 

standard solution, 50 mg of Ectoine was measured in 

an Electrical Balance ViBRA HT (Antielectrostatic, 

Japan) and dissolved in 50 ml of freshly prepared 

phosphate buffer to produce a solution of 1000 µg / 

ml. Working standard solutions with varying strength 

(70, 140, 210, 280, 350 and 420 µg /ml) were freshly 

prepared by suitable dilution from the stock solution 

with phosphate buffer. Then absorbance of the 

solutions was measured at 210 nm using HPLC. A 

plot was constructed showing concentration at X- 

axis and absorbance at Y- axis. 

2.4.3. Visual examination 

After being left overnight all medicated gel 

have undergone visually inspection for color, 

homogeneity and presence of cluster (23). 

2.4.4. pH determination 

Gels pH was measured utilizing BioBase pH 

meter model PHS-3BW (China). The readings were 

taken in triplicate. 

2.4.5. Determination of spreadability  

One gram from each formula was weighted on 

one of glass slides and then the other slide was added 

followed by introducing of pressure utilizing specific 

weight. The pressure was applied for 5 minutes, or 

until no more spreading was inspected. A circle 

shape was formulated followed by pressure applied, 

the diameters were measured in cm. The values 

obtained were then taken as explanation for 

spreadability of gels. The test was applied three 

times(24).  
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2.4.6. Determination of viscosity  

 

The viscosity is measured to investigate the 

rheological of formulations. Viscometer Brookfield 

model (RVF), Brookfield engineering laboratories, 

INC. Stoughton, MA.02072, U.S.A with spindle 7 

was used. Viscosity are measured three times and 

average is taken into consideration(25).  

2.4.7. Determination of drug content 

One gram from each formula was weighted and 

allowed to dissolve in 100ml of prepared phosphate 

buffer with a pH of 6.4. To ensure complete 

solubility of Ectoine the volumetric flasks were 

added in the shaker for 2hrs. After complete 

solubility of Ectoine, filtration was done using 

Millipore filter (0.45μm). After suitable dilution drug 

concentration was measured using the previously 

mentioned HPLC method. 

2.4.8. Ectoine gel in vitro release study 

 

To investigate release rate of Ectoine from the 

three prepared gels, vitro release study was applied 

for each formula. Dissolution test apparatus was used 

for the experiment to be proceeded. The apparatus 

shafts were rotated at 100 rpm. The medium in which 

the release of Ectoine occur was freshly prepared 

phosphate buffer pH 6.4. 1gm of each prepared gel 

was injected in Spectra Pore dialysis cellulose 

membrane tube that has been soaked overnight in the 

phosphate buffer medium with pH 6.4, then the tube 

was tied from both ends and attached to the paddle of 

a dissolution apparatus. Then Paddles were allowed 

to sink in the dissolution vessel containing 150ml of 

phosphate buffer, and maintained at 32ºC ± 1ºC(26, 27). 

At specified time intervals a certain amount from 

each sample were taken and replaced by an equal 

amount from the freshly prepared phosphate buffer 

to stabilize sink condition. Filtration of each sample 

was done using a Millipore filter (0.45μm). Then 

HPLC was used to assay samples at λmax 210nm. 

The previously constructed calibration curve was 

utilized to determine the concentration of drug. The 

experiment was done in triplicate. In vitro release 

data were recorded for 24 hr. Mathematical models 

were done to combine dissolution profiles with the 

mechanisms of drug release from the drug delivery 

system(28). 

2.4.9. In vitro kinetics of Ectoine 

The data obtained from in vitro test were 

analyzed using four kinetics models:  

Qt = Q + K0t (29) 

Where Q0 is the primary amount of drug in solution, 

Qt is quantity of drug dissolved in specific time, and 

K0 is elimination rate constant of zero order. 

 

Log C - log C0 = - Kt/ 2.303 (30) 

Where k is rate constant of first order, C0 is the 

primary drug concentration, and Time (t) 

1/C – 1/C0 = k2t (31)  

Where C0 and C are the concentration, k2 is rate 

constant of second order, and Time (t) 

ft = Q = A √D(2C-Cs) Cs t (32) 

Where D is diffusion coefficient of the drug 

molecules in substance, Q is amount of drug released 

in specific time (t), C is drug primary concentration 

and Cs is solubility of drug in the media. 

2.4.10. Freeze-Thaw Cycle 

This test was applied for 12 days. For each 

cycle, the sample was left in a specific temperature 

for 24 hours. The temperature in refrigerator was 4 ± 

2∘C and 40∘C in the incubator. The physicochemical 

properties including pH, viscosity, homogeneity and 

spreadability of each gel sample was performed 

before and after the 12 days (33).  

2.4.11. Ectoine gel ex vivo release study  

The selected formula was then subjected to ex 

vivo release study using Franz diffusion cell. Skin of 

male rats was used to apply test. An approval has 

been taken from the ethical committee of Al Azhar 

University to conduct this research study with ethical 

approval number 52. The abdominal skin of rat was 

removed after been shaved. After preparing of skin, 

it was fixed on Franz cells that was previously filled 

with phosphate buffer pH (6.4)(34). The receptor 

compartment was filled with phosphate buffer stirred 

at 60 RPM and maintained at 37 ± 0.5°C. Whereas, 1 

gm of gel formulation was placed on the skin which 

was tied to one side of the donor compartment. 

Release studies were carried out for 24 hr and 

samples were withdrawn from receptor side at 

regular intervals and replaced with same volume 

from fresh media. Samples withdrawn were 

subjected to filtration to remove any impurities using 

Millipore filter (0.45μm). Then they were analyzed 

by developed and validated RP-HPLC method(35).  

2.4.12. Statistical analysis 

Results were expressed as the mean ± SD for all 

experiments done. Significance in the difference of 

the means was determined by the student’s t-test. 

Statistics was shown to be significant with a P<0.05 

value. 
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2. RESULTS AND DISCUSSION 

3.1. Fourier transform spectrometers (FTIR) and 

Differential Scanning calorimetry 

Ectoine was characterized by DSC analysis, to 

determine the nature of the drug and to detect any 

change in state or possible interaction between 

Ectoine and polymer. Thermograms obtained for 

pure Ectoine, HPMC K15M, and mixed formulation 

are shown in figure 2. The DSC of Ectoine showed a 

sharp endothermic peak at 345.25°C and HPMC 

showed a sharp endothermic peak at 337.48°C as 

shown in figure 2, similarity in results were shown 

by Ching Mien Oh et al and Elena Golovina et al (21), 

(36).Thermograms of the mixed formulation did not 

demonstrate any considerable shift in the 

endothermic peak, which means that no interaction  

 

 

 

 

had occurred between polymer and Ectoine. For 

IR spectra of Ectoine shown in figure 3 contained 

broad overlapping bands in the hydrogen stretching 

region N-H (1612.2cm-1), C-H (2860.88cm-1) and a 

set of narrow lines in the finger print region. The OH 

stretching vibration band around 3195.47cm-1 

similarity was shown by Elena Golovina et al (36). 

HPMC K15M exhibit a broad peak at 3461.6 cm−1, 

respectively, indicative of intermolecular hydrogen 

bonding of the OH group (37). No overlapping was 

observed in the mixture. 

 

 

 

 

 

 

 

 

 

Figure 2. DSC thermogram, Figure (a) represents Ectoine thermogram, Figure (b) represents HPMC K15M thermogram 

and Figure (c) represents mixture between Ectoine and HPMC K15M

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. IR of Ectoine and polymer, Figure (a) represents Ectoine, Figure (b) represents HPMC K15M and Figure (c) 

represents mixture between Ectoine and HPMC K15M. 
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Figure 4. Release pattern of HPMC K15M different concentrations. 

 

 

3.2. Evaluation of Ectoine gel 

 

3.2.1. Visual examination 

The prepared gels were examined visually for 

their color. All preparations were clear, transparent 

and homogenous with absence of cluster.  

3.2.2. pH 

Values of pH for all prepared gels were in range 

6.75-6.88 which means that skin irritation will not be 

present. 

3.2.3. Spreadability 

The diameter of the circle when measured had 

range value 8.1-6.5 cm, which investigate that all the  

prepared gels had spread by low amount of stress. 

These valued explains that increasing the  

concentration of HPMC K15M will always be 

associated with a decrease in the spreadability as 

expressed by the low diameter of the spreaded circle. 

Similarity was shown by S. P. N. Kumara et al (38). 

3.2.4. Drug content 

 

Following the test of determining the drug 

content using HPLC for all formulation it was found 

that the results are in the official limits. The drug 

content estimated that Ectoine was equally and 

homogenously distributed throughout the gel.  

 

Table 2. Physical characters of gels, pH, Spreadability, viscosity and drug content. 

 

 H1 H2 H3 

Color (Clear) √ √ √ 

Homogeneity 

(Homogeneous) 
√ √ √ 

Texture (No grittiness) √ √ √ 

pH 6.76±0.01 6.87±0.01 6.69±0.01 

Spreadability cm 8.1±0.1 7.9±0.1 6.56±0.1 

Viscosity (Cp) 13,000±0.05 16,000±0.05 54,000±0.05 

Drug content % 81.5±0.1 86.2±0.1 84.5±0.1 

3.2.5. Ectoine gel in vitro release examination 

 

Release profile of Ectoine topical gels were 

represented in Figure 3, to detect the change in 

polymer concentration on the release of Ectoine. It 

was observed that the release of Ectoine differ from 

96.06 to 81.6% after 24 hr according to concentration 

of polymer. The release of Ectoine from different 

formulae can be graded in the following inclined 

order: H3>H2>H1. The drug release decreases with 

increasing HPMC K15M concentrations, which 

could be due to the increase in the HPMC  
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concentration that led to an increase in the gel 

viscosity, and therefore decreasing the rate of 

penetration of dissolution medium. Moreover, it can 

be due to entrapment of the drug by the HPMC 

K15M molecules. In addition, the chain structure in 

the microstructure of polymer was found to have 

high density with increasing in concentration of 

polymer and this limits the drug movement space. 

Similar results were obtained by Uddin et al in their 

study (39). They observed that the increase in the 

HPMC amount, led to a decrease in the release of 

tramadol from the tablets. 

 

Figure 5. Ex vivo release study of Ectoine from H1.  

 

 

   3.2.6. In vitro release kinetic parameters of 

Ectoine 

 

Many kinetic models that could calculate drug 

release cumulative % vs. time (Zero order), log of 

drug remaining % cumulative vs. time (First order) 

and diffusion were used to investigate a typical 

kinetic model for explaining the diffusion release 

results. Following the utilizing of these models it has 

been specified that release of Ectoine gels obey 

diffusion transport. Therefore, the release of Ectoine 

from gels is controlled by swelling of HPMC K15M 

molecules. 

Table 3. Kinetics of in vitro release of HPMC K15M 

different concentrations. 

 

Formula r K t1/2 
Release 

Model  

H1 0.98729 0.37559 1.84509 First 

H2 0.969022 32.89859 2.309858 Diffusion 

H3 0.973312 29.72874 2.828701 Diffusion 

 

3.2.7. Freeze-Thaw Cycle 

 

According to previous studies that were done 

the best formula was selected from the three prepared 

according to physical characters, pH, viscosity, 

spreadability, drug content and in vitro release study 

which was H1. This formula was subjected to freeze 

thaw cycle test for 6 cycles. The gels was first tested 

for pH, Spreadability and viscosity. The values were 

6.7, 8.1cm and 13,000cp. At the end of test the values 

became 6.6, 8.9cm and 12000cp. These results 

revealed that the formula was affected by differences 

in temperature.  

3.2.8. Ectoine gel ex vivo release study  

 

As previously mentioned data H1 formula was 

the selected for further test. The data obtained from 

release test revealed the effect of polymer on Ectoine 

release to phosphate buffer medium through the skin. 

It is shown that the release of Ectoine through skin 

was not affected that much when compared to in vitro 

study, after 24 hr the release date was 90%. This 

means that the polymer doesn’t trap Ectoine in its 

molecules. 

5. CONCLUSIONS 

According to the results obtained we can 

determine that a promising formula was formulated 

using HPMC K15M polymer. In which this new 

formulated dosage form can be used in treatment of 

different skin conditions. Gel as known is the most 

preferable dosage form for patient as it is easy to 

apply and to remove, less greasy. H1 was selected as 

best formulation based on the physical characters, 

pH, drug content and release pattern from polymeric 

matrix. The drug content percentage was found to be 

within the range of 81.5±0.1 to 86.2±0.1. Moreover, 

the release data of Ectoine in vitro release study from 

this polymer especially in H1 formula was 96%, this 

means that low concentration of HPMC K15M didn’t 

affect the release of Ectoine. Also, according to 

membrane release study applied it was found that the 

drug release reached 90% after 24 hr. All these 

information can reveal that this polymer can allow 

sustain release of Ectoine into the skin. By 

consolidating sustain drug release, viscosity, 

spreadability and physical character, Ectoine (1.5% 

HPMC K15M gel) was selected as optimum 

formulation. On the other hand, as investigated from 

Freeze thaw cycle test that viscosity of gel was 
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slightly affected by change in temperature so, it is 

better to preserve the gel in low temperature. 
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