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Every year there is an increase in the number of cases of hypersensitivity to bites from various insects. A local allergic 

reaction to bites occurs within a few minutes and is accompanied by acute pain at the site of the bite, severe itching, 

hyperemia, the appearance of papules, tissue edema, and sometimes a small-point rash around. Considering the small 

number of drugs for local therapy of allergic manifestations and the unidirectional nature of their action, it is urgent to 

develop a drug containing the antihistamine dimethindene maleate and dexpanthenol, which plays the role of an anti-

inflammatory, reparative and dermatoprotective substance. 

The aim. The aim of the study is to substantiate the delivery system of dimethindene maleate and dexpanthenol based 

on biopharmaceutical and rheometric research methods. 

Materials and methods. To determine the component composition of the active ingredient delivery system, the type of 

dimetindene maleate administration was substantiated by studying its solubility. As a delivery system for active phar-

maceutical ingredients, hydrogels were considered, which were made using high-molecular compounds of various 

origins: a natural substance – xanthan gum, a semi-synthetic substance – gyroxypropyl methylcellulose, and a synthetic 

substance – carbomer. The rate of release of dimethindene maleate from hydrogels was estimated by studying the kinet-

ics of release through a semipermeable membrane. The assessment of the viscoelastic properties of hydrogels was car-

ried out by performing an oscillatory rheometry test, which makes it possible to quantitatively determine the viscous 

and elastic components, as well as to characterize the bioadhesive properties. 

Results. Based on the results of studying the solubility of dimethindene maleate in hydrophilic non-aqueous solvents, it 

was determined that propylene glycol is optimal for ensuring the introduction of a substance into hydrogel bases as a 

solution. As a result of studying the kinetics of the release of dimethindene maleate from hydrogels, it was found that the 

use of carbomer as a delivery system provides the release of 28.33 % of dimethindene maleate, xanthan gum – 25 %, 

hydroxypropyl methylcellulose – 7.33 %. When studying the viscoelastic properties by determining the values of the 

storage modulus G', the loss modulus G" and the damping (attenuation) factor tg δ, it was found that the carbomer-

based hydrogel is a viscoelastic solid, the xanthan gum and hydroxypropyl methylcellulose-based hydrogels are a vis-

coelastic liquid. Bioadhesion on the surface of the skin during use has the advantage of carbomer hydrogel. 

Conclusions. Based on the combination of biopharmaceutical and rheometric methods for substantiating the composi-

tion of the delivery system for dimetindene maleate and dexpanthenol, it is rational to use carbomer for further phar-

macological and microbiological studies 
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carbomer, G' storage modulus, G" loss modulus, viscoelastic properties 
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1. Introduction 

According to the World Allergy Organization 

(WAO), the prevalence of allergic pathology in the world 

population is from 10 % to 40 %. There are various types 

of allergies, one of which is insect allergy. It should be 

noted that up to 5 % of people in the world are prone to 

general reactions to insect bites [1, 2]. Every year there is 

an increase in the number of cases of hypersensitivity to 

various insects. This makes it advisable to develop new 

topical agents for local therapy of allergic reactions to 

insect bites or stings. The issue of treatment of the con-

sequences of insect bites in children is especially acute, 

as the constant combing of bites is a threat of infection of 

wounds and delay their healing [3].  

One of the ways of drug treatment of insect aller-

gy, taking into account the severity of the reaction is the 

use of antihistamines of systemic and local action. Given 

the economic aspects of the cost of imported drugs cur-

rently in Ukraine, as well as the strong development of 

domestic industrial pharmacy, it is important to develop a 

gel with a combination of substances with antihistamines 

and reparative effects, namely dimethindene maleate and 

dexpanthenol.  

Dimethindene maleate – a substance derived from 

phenylalkylamine, belongs to the group of antihistamines 

of the first generation, has antiallergic and antipruritic 

therapeutic effect, and blocks H1-receptors. Dimethin-

dene maleate is a part of medicines of various dosage 
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forms. In the means of systemic action, the therapeutic 

dose is 1 mg / 1 tablet; in nasal forms 0.25 – 1 mg / 1 ml; 

in drugs of local dermatological action 1 mg / 1 g [3–5].  

Dexpanthenol is a provitamin B5. Its action is 

similar to that of pantothenic acid, but it is better ab-

sorbed when applied topically. Pantothenic acid is a 

component of coenzyme A, which in the form of coen-

zyme acetyl-CoA plays an important role in cellular 

metabolism. Pantothenic acid is necessary for the for-

mation and regeneration of the skin and mucous mem-

branes. Dexpanthenol is used in topical agents in a dos-

age of 30–50 mg / 1 g [3, 6, 7]. 

The advantage of gels as carriers of drugs in the 

treatment of contact allergies is the additional provision of 

cooling and soothing effect on the affected areas of the skin. 

According to the classification of drugs on the basis 

of their equivalence, the drug under development belongs 

to group A.3 – the original drug with a fixed combination 

[8]. The therapeutic dose of dimethindene maleate in the 

gel is 1 mg / 1 g, dexpanthenol – 30 mg / 1 g.  

The effectiveness of topical drugs depends on the 

rate of release of the active substance from the base and 

penetration through the stratum corneum, i.e. the delivery 

system and the physical state of the drug itself [9].  

The aim of the work is the design and develop-

ment of a gel composition for the treatment of contact 

allergy containing dimethindene maleate and dexpan-

thenol on the basis of biopharmaceutical and rheometric 

studies.  

 

2. Research planning (methodology) 

The plan of the experiment is shown in Fig. 1 in 

the form of a decision tree or a diagram of Ishikawa and 

provides for research aimed at substantiating the type of 

introduction of API into the delivery system; justification 

for the choice of the delivery system itself through the 

use of various macromolecular substances and their con-

centration; study of the influence of the used delivery 

system on the kinetics of API release and evaluation of 

their viscoelastic properties. 

Hydrogels made on the basis of various macromo-

lecular substances: carbomer, hydroxypropylmethylcellu-

lose (HPMC) and xanthan gum were considered as deliv-

ery systems of active substances.  

 

 

 
Fig. 1. Decision tree 

 

 

3. Materials and methods 

Methods for studying the solubility of dimethin-

dene maleate 

Purified water, macrogol 400 and polyhydric al-

cohols: propylene glycol, hexylene glycol, butylene gly-

col and glycerin were used as solvents to study the solu-

bility of dimethindene maleate (CAS number 5636-83-9). 

Samples were prepared by weight in the ratio of dime-

thindene maleate: solvent as 1:50 and 1:100. Solubility 

was studied at room temperature 15–25 °C and heating, 
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thermostating time at each temperature was 30 minutes. 

Solubility was assessed visually. The research was con-

ducted in accordance with the recommendations of 

SpHU 2nd edition, p. 1.4. [10–12] 

Method of preparation of HPMC gels (brand 

Metolose SR-90SH-100000SR, Ph. Eur. 9.2) 

To prepare HPMC gels, 1/3 of the prescript pu-

rified water was heated to 80 °C and the polymer was 

added with stirring for 30 minutes, then the remaining 

purified room temperature water was added. The con-

centration of HPMC in the test samples was 1.8 % and 

2.0 %. 30 minutes after preparation of the base, the 

active substances were added. the pH of the gel was 

5.7±0.1. 

Method of preparation of xanthan gum hydro-

gels (brand Ziboxan F200, Ph. Eur. 9.2) 

Xanthan gum was added to the purified room 

temperature calculated according to the recipe and stirred 

for 30 minutes. Gel samples with a xanthan gum content 

of 2.0 % and 2.5 % were prepared. 30 minutes after 

preparation of the base, the active substances were add-

ed. The pH of the gel was 5.3±0.1. 

Method of preparation of carbomer hydrogels 

(brand Carbopol™ Polymers Ultrez 10 NF, USP32–NF27) 

Carbomer was added to the purified room temper-

ature calculated according to the recipe, dispersed for  

30 min, then neutralized with a solution of trometamol 

(40 %) to a pH of the dispersed system of 6.0±0.1 [13, 

14]. The concentration of carbomer in the samples was 

0.5 % and 0.75 %. 30 minutes after preparation of the 

base, the active substances were added. The pH of the gel 

was 5.8±0.1. 

Methods for studying the kinetics of dimethin-

dene maleate release from gels 

The release of dimethindene maleate from the gels 

was determined by the degree of diffusion through the 

semipermeable membrane into the phosphate buffer 

solution with a pH corresponding to the pH of the test 

gel. Used a dialysis chamber, as a membrane – inert 

porous cellulosic material – Cuprophan, type 150 pm, 

11±0.5 μm thick. The portion of the gel sample was 3.0 g 

(exact portion). In the process of dialysis through the 

membrane is the diffusion of dimethindene maleate into 

a system with a higher concentration of kinetically active 

units – molecules or ions. Dialysate samples with a vol-

ume of 10 ml were taken with a pipette at regular inter-

vals (1 hour), adding the same volume of buffer solution 

to the chamber. The study was performed at a tempera-

ture of (34±0.5) °C. 

The concentration of dimethindene maleate in the 

resulting dialysis solutions was calculated by the formula: 
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,

100 100
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where С – the concentration of dimethindene maleate in 

the test solution, mg / ml; А – optical density of the test 

solution;  Аst – optical density of standard solution;  

mw
st – weight of the standard sample, g; mw – weight of 

the test sample, g; Vs – total volume of solution in the 

dialysis chamber, ml. 

When calculating the total amount of dimethin-

dene maleate, which went into solution, took into ac-

count its amount, which was contained in the previously 

selected samples: 
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where Хn – the total amount of dimethindene maleate, 

which went into solution for n hours of the experiment; 

Сn – the concentration of dimethindene maleate in the 

dialysate after n hours of the experiment (mg / ml); Хn-1 – 

the total amount of dimethindene maleate, which went 

into solution for n-1 hours of the experiment, mg; Vа – 

volume of aliquot selected for analysis (1 ml). 

The concentration of dimethindene maleate in dia-

lysate samples was determined by absorption spectropho-

tometry in the ultraviolet region of the spectrum in a 

phosphate buffer solution with a pH of 5.8±0.1. Prelimi-

nary studies show that in the range from 200 nm to  

300 nm 0.001 % solution of a standard sample of dime-

thindene maleate in a phosphate buffer solution with a 

pH of 5.8±0.1 is characterized by the presence of a max-

imum absorption at wavelengths of 258 nm (Fig. 2).  

The maximum wavelength of 258 nm was chosen 

as the analytical wavelength for further testing, as the 

subordination of solutions of dimethindene maleate in 

phosphate buffer solution with a pH of 5.8±0.1 to the 

basic law of light absorption is observed in the concen-

tration of active substance from 0.002 mg / ml to 0.02 

mg/ml (Fig. 3).  

Further study was performed spectrophotometri-

cally in a phosphate buffer solution with a pH of 5.8±0.1 

at a wavelength of 258 nm. The calculation of the 

amount of dimethindene maleate transferred to the solu-

tion was performed by the standard method.  
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Fig. 2. Ultraviolet absorption spectrum of 0.001 % solution of dimethindene maleate in phosphate buffer solution with 

pH 5.8±0.1 

 

 
Fig. 3. Graph of the dependence of the optical density on the concentration of standard solutions of  

dimethindene maleate 

 

Methods for studying the viscoelastic proper-

ties of gels 

The evaluation of viscoelastic properties was de-

termined using a rheometer MCR 301, Anton Paar, Aus-

tria with a plate-to-plate geometry with a diameter of  

25 mm, a gap between the plates of 0.209 mm. The study 

of viscoelastic properties was performed in two stages: 

amplitude and frequency scanning. 

First, an amplitude scan was performed to deter-

mine the range of linear viscoelasticity of the samples 

(LVE range) in which the structure of the gels does not 

break under the influence of the deforming force. To 

determine the LVE range, an amplitude scan in the range 

of 0.01–100 % with a constant angular frequency of  

10 rad / s was performed. The next step at a defined and 

fixed deformation force within the LVE range was set to 

the frequency sweep range from 100 to 0.1 rad / s, the 

study was performed at 25 °C. 

The research results are presented in the form 

of mechanical spectra, according to the nature of the 

arrangement of mechanical spectra, a conclusion is 

made about the viscoelastic properties of the dispersed 

system. 

 

4. Research results 

The effectiveness of topical drugs depends on the 

type of API included into the delivery system, the com-

ponents on which the delivery system itself is designed, 

and the excipients that help release APIs and penetrate 

the skin barrier. Therefore, the first step in substantiating 

the composition of the gel was the study of the solubility 

of dimethindene maleate – a white solid powder [15]. 

The results of the studies are presented in Tab. 1. Dex-

panthenol is a viscous liquid, so it was introduced into 

the gel directly by adding the required amount and dis-

solving in the gel base [16]. 
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Table 1 

The results of the study of the solubility of dimethindene maleate 

Solvent 

The ratio of dimethindene maleate: solvent / dissolution temperature 

40±1 °С 45±1 °С 50±1 °С 55±1 °С 

1:50 1:100 1:50 1:100 1:50 1:100 1:50 1:100 

Purified water + + + + + + + + 

Propylene glycol + + + + + + + + 

Hexylene glycol – – – – ± + + + 

Butylene glycol – – ± + + + + + 

Macrogol 400 – – ± + + + + + 

Glycerin – – – – – – – – 
Note: «+» – soluble; «±» – slightly soluble; «–» – practically insoluble 

 

At the stage of substantiation of the local API de-

livery system, the method of studying the release kinetics 

of the active substance through a semipermeable mem-

brane is widely used, which simulates the process of 

penetration of active components through the stratum 

corneum [17–19]. The results of the study are shown in 

Fig. 4. 

The next step in the substantiation of the choice of 

API delivery system was research to study the viscoelas-

tic characteristics of the studied gels, which can predict 

the stability of the dispersed system during storage and 

the ability to bioadhesion on the skin surface when using 

them [20–22]. The research results are shown in Fig. 5 

and 6, Table 2. 

 

 
Fig. 4. Kinetics of dimethindene maleate release from hydrogels 

 

 

 
Fig. 5. Linear viscosity range for test gels (LVE range) 
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Fig. 6. Mechanical spectra of the modulus of elasticity G′, the modulus of losses G″ and the complex viscosity η* de-

pending on the frequency (ω, rad / s) at a constant amplitude γ=1 % 

 

 

Table 2 

The damping factor of gel bases (tg δ) depending 

on the frequency (ω, rad / s) 

Angular  

Frequency, 

rad/s 

Damping Factor 

HPMC 

1.8 % 

Xanthan 

2.0 % 

Carbomer 

0.5 % 

100 0.743 19.3 0.186 

63.1 0.799 6.7 0.295 

39.8 0.899 6.06 0.326 

25.1 1.05 6.62 0.337 

15.8 1.28 8.21 0.351 

10 1.62 11.1 0.363 

6.31 2.17 14.5 0.376 

3.98 3.13 19.3 0.392 

2.51 4.87 25.4 0.429 

1.58 7.87 34.3 0.49 

1 12.4 28.8 0.595 

0.631 18.5 25.2 0.684 

0.398 26.7 22.7 0.835 

0.251 38.1 20.7 1.13 

0.158 43.1 19.2 1.64 

 

5. Discussion of research results 

Studies have shown that dimethindene maleate is 

poorly soluble in purified water and insoluble in hydro-

philic non-aqueous solvents at room temperature. With a 

gradual increase in temperature above 25 °C with an 

interval of 5 °C there is a slow process of dissolution of 

dimethindene maleate. At a temperature of 40 °C dime-

thindene maleate is completely soluble in both purified 

water and propylene glycol, the dissolution process in 

these solvents does not depend on their ratio. In Macro-

gol 400 and butylene glycol dimethindene maleate is 

completely dissolved at a temperature of 45±1 °C, in 

hexylene glycol at 50±1 °C. When using Macrogol 400, 

butylene glycol and hexylene glycol, there is a depend-

ence of the dissolution of dimethindene maleate on the 

amount of solvent used, the dissolution proceeds faster at 

a ratio of dimethindene maleate: solvent as 1:100. 

Due to the plasticizing and antiseptic properties of 

propylene glycol, it is rational to use it as a solvent for 

dimethindene maleate [12, 17, 23]. Thus, in the devel-

opment of samples of hydrogels of dimethindene maleate 

was introduced in the form of propylene glycol solution. 

pH of manufactured gel samples using carbomer, hy-

droxypropylmethylcellulose and xanthan gum is in the 

range of 5.0–6.0, which according to the literature is bio-

compatible with skin applications with minimal risk of 

irritation and bacterial contamination, and on the other 

hand promotes stability [18, 19]. The studied samples 

differed in the type of gelling agent used and its concentra-

tion, which was previously substantiated by conducting 

rheological studies on a rotary rheoviscometer [20, 24].  

As can be seen from Fig. 3, which presents the re-

sults of the study of the kinetics of release of dimethindene 

maleate from hydrogels, the best biopharmaceutical prop-

erties have samples made on the basis of carbomer, which 

provide the release of dimethindene maleate 0.85 mg for  

5 hours of the experiment, which is 28.33 % of the sam-

ple. The xanthan gum-based hydrogel is slightly lower at 

0.75 mg (25 %), and the hydroxypropylmethylcellulose 

hydrogel releases 0.22 mg (7.33 %) of dimethindene 

maleate for 5 hours of the experiment. A common feature 

for all samples is the lack of significant dependence of 

the amount of released substance on the used concentra-

tion of carbomer, HPMC and xanthan gum; the obtained 

deviations are within the statistical error. 

The peculiarity of oscillating rheometry in com-

parison with rotary viscometers is that the samples are 

not subject to mechanical destruction, and the indicators 

that are fixed, correspond to the native state of the sam-

ple, i.e. retain the structure of the studied samples  

[25, 26]. 

The results obtained at this stage are divided into 

elastic and viscous component (module) of viscoelastic 

behaviour of the sample: G՛  – modulus of elasticity (or 

modulus of accumulation) and G՛ ՛  – modulus of vis-

cosity or modulus of loss. The term ―storage module‖ 

indicates that the voltage energy was temporarily stored 
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during the test, but it can be returned. The term "loss 

module" indicates that the energy used to initiate the 

flow, irreversibly converted into heat (―lost‖) [26].  

The modulus of elasticity G' is the elastic part of 

the viscoelastic behaviour, which quasi-describes the 

―solid‖ part of the behaviour of the sample. The loss of 

modulus G'' characterizes the viscous part of the viscoe-

lastic behaviour, which can be considered as a ―liquid‖ 

part of the behaviour of the sample. Viscous behaviour 

occurs due to internal friction between particles and 

molecules in a liquid. This friction is always associated 

with heating from friction in the sample, i.e. with the 

conversion of deformation energy into thermal energy. 

This part of the energy is absorbed by the sample, spent 

on internal friction processes and can no longer be used 

by the sample. On the contrary, the elastic part of the 

energy is stored in the deformed material, by expanding 

and stretching the internal bonds without destroying the 

interaction between the particles and without excessive 

stretching or destruction of the material. When a material 

returns to its original state, such unused accumulated 

energy acts as a driving force to return the material to its 

original form. In viscoelastic solids G' > G'', i.e. they 

have a greater modulus of elasticity than the modulus of 

loss. On the other hand, viscoelastic fluids G'' > G', i.e. 

they have a larger modulus of loss than the modulus of 

elasticity [26–28].  

From the data of Fig. 5 shows that for carbomer 

hydrogels G' > G'' predominates, for HPMC gels and 

xanthan gum G'' > G'. 

The damping factor or loss factor: tg δ = G'' / G' in-

dicates the ratio of viscous and elastic parts in the viscoelas-

tic behaviour of the sample. The results of the calculation of 

tg δ are presented in Table 2. If the loss factor tg δ <1, then 

the sample is a viscoelastic body, when tg δ = 1 the sample 

will be at the point of gelation, and at values of tg δ> 1 – in a 

state of viscoelastic fluid [26, 29]. 

In summary, the carbomer gel is a viscoelastic 

body, the HPMC and xanthan gum-based gels are viscoe-

lastic liquids. Accordingly, the best bioadhesive proper-

ties have a delivery system API using carbomer.  

In the scientific literature there is the following in-

terpretation of the results of the oscillation experiment: 

provided that G' > G" and the test is performed in the 

LVE range (Fig. 5), and if G' ≥ 10 Pa then we can as-

sume some stability to gels, while G' ≤ 1 Pa, the stability 

associated with the practical use of the gel is hardly pre-

sent. For the intermediate value of G' it is necessary to 

perform additional studies [28, 30]. For the studied sam-

ples of gels with dimethindene maleate and dexpanthenol 

G' is 174 Pa for carbomer gels, 54 Pa – for xanthan gum 

and 17 Pa – for HPMC gels, which indicates satisfactory 

predicted stability of dispersed systems. 

Study limitations. Studies of the kinetics of dex-

panthenol release from hydrogel bases have not been 

performed, which limits the breadth of conclusions.  

Prospects for further research. The developed 

gel composition containing dimethindene maleate and 

dexpanthenol based on carbomer is at the stage of phar-

macological study. 

 

6. Conclusions 

1. Based on the study of the solubility of dime-

thindene maleate, the use of propylene glycol as a sol-

vent for the introduction of dimethindene maleate to the 

base of the hydrogel by type of solution is justified. 

2. The kinetics of dimethindene maleate release 

from hydrogel delivery systems, which differed in the 

type of macromolecular substance used and its concentra-

tion, was studied. It was found that the use of carbomer as 

a delivery system provides the release of 28.33 % of dime-

thindene maleate, xanthan gum – 25 %, hydroxypropyl-

methylcellulose – 7.33 %. 

3. The study of viscoelastic properties of the stud-

ied samples using oscillating rheological methods. The 

carbomer-based hydrogel was found to be a viscoelastic 

body, the xanthan gum and the hydroxypropylmethyl-

cellulose hydrogel to be a viscoelastic liquid. 

4. According to the combination of biopharma-

ceutical and rheometric studies, it is advisable to use a 

hydrogel delivery system of dimethindene maleate and 

dexpanthenol made on the basis of carbomer for further 

pharmacological and microbiological studies. 
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