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Мета. Розробка складу стоматологічного гелю для лікування інфекційно-запальних захворювань порож-
нини роту з урахуванням фізико-хімічних властивостей активних фармацевтичних інгредієнтів, а саме 
обґрунтування виду та концентрації гелеутворювача та інших допоміжних речовин. 
Методи. Визначення органолептичних характеристик, однорідності зразків гелю, рН водного витягу, 
показника структурної в’язкості проводили за методиками Державної фармакопеї України. Реологічні 
дослідження проводили за допомогою ротаційного віскозиметра обертового типу BROOKFIELD DV-
II+PRO (США) з системою коаксіальних циліндрів. 
Результати. З метою вибору оптимального складу гелевої основи були напрацьовані експериментальні 
зразки з різними гелеутворювачами (Carbopol®974P, Carbopol® 934P, Carbopol® Ultrez 10, ксантанова 
камідь, натрію альгінат, натрію кармелоза) та досліджено їх органолептичні характеристики, струк-
турну в’язкість та колоїдну стабільність. Проведені фізико-хімічні та реологічні дослідження дозволя-
ють зробити висновок про раціональність використання гелеутворювача карбополу марки Ultrez 10 в 
концентрації 1,1 %. При виборі нейтралізуючих агентів в дослідженнях використовували натрію гідрок-
сид і трометамол. За результатами досліджень в якості нейтралізатора був обраний натрію гідроксид 
в концентрації 0,32 %, який забезпечує максимальну, стабільну в'язкість в інтервалі рН від 5,0 до 7,0.  
Висновки. Розроблено склад основи стоматологічного гелю для лікування інфекційно-запальних захво-
рювань порожнини роту: карбопол марки Ultrez 10 –1,1 %, розчин натрію гідрооксиду 10 %–0,32 % 
Ключові слова: гель, гелеутворювач, карбомери, реологія, в’язкість, стоматологічний лікарський засіб 
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1. Introduction 
Oral disease and mucosal lesions are among the 

most common medical problems [1]. Anaerobic microor-
ganisms (such as P. intermedia) play a major role in the 
development of gingivitis and periodontitis, most notably 
bacteria that produce aggressive enzymes that destroy 
connective tissue proteins and bone tissue. It was found 
that in the microbial flora of the oral cavity of a healthy 
person, the bacteroides are practically absent - their 
number is 1.0–2.5 % [2–4]. 

Taking into account the above information, during 
the design of a complex drug it is necessary to choose an 
active pharmaceutical ingredient (API) that will exhibit, 
first of all, antibacterial action. Usually the best result has 
a combination of several antimicrobial agents [5]. That is 
why we have chosen metronidazole and miramistin to 
provide a broad spectrum of antibacterial effect as active 
substances for the developed product. The choice of 
dosage form is essential to ensure the effectiveness of 
pharmacotherapy of various diseases, in particular, are 
well recommended in the provision of dental care the use 
of prolonged dosage forms of application in the form of 
gels [6]. 

When creating a gel formulation, a whole set of 
excipients is used, which ensures the physical, chemical 
and microbiological stability of the product over a peri-
od. For rational pharmacotherapy, it is very important to 
use adjuvants optimally, as their share is constantly in-
creasing today. 

According to the definition given in the general 
article “Soft drugs for skin use” by SPhU [7] and the 
general article “Semi-solid preparations for cutaneous 
application” by the European Pharmacopoeia [8], gels 
are a dosage form consisting of liquids, in which gela-
tion is achieved using suitable gel-forming agents. 
Hydrophilic gels (hydrogels) are medicines that are 
usually based on water, glycerol or propylene glycol 
and such gelling agents as poloxamers, starch, cellu-
lose derivatives, carbomers and magnesium aluminium 
silicates [7, 8]. 

Among the dosage forms for external use in the 
treatment of various dental diseases, the most commonly 
used are drugs in the form of gel [9]. Gels provide a local 
action and smooth release of the active substance from 
the base, which create their high therapeutic concentra-
tion directly in the application area, without significantly 
increasing the level of the active substance in the system-
ic circulation. Often, for dental gels, copolymers of acryl-
ic acid, namely carbomers, are used as gel-forming 
agents [10–12]. 

Carbomers in the composition of gels can perform 
a variety of functional purposes. They can be modifiers 
of rheological properties and stabilizers of heterogeneous 
dispersion systems (emulsions, suspensions), can provide 
controlled release of drugs and bioadhesion of gels to the 
skin and mucous membranes, which may affect the bioa-
vailability and effectiveness of the specific action of 
drugs [13]. 
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Systematic studies were conducted by N. V. Vo-

lovik [14] on the effect of carbomer concentration, the 

chemical nature of alkali, pH of gels, temperature, and a 

number of other factors on the rheological properties of 

gels based on carbomers 934P, 940, 980, and 971P. The 

structural viscosity of gels with carbomers increases with 

their content and molecular weight depends on the nature 

of the alkali, passes through the maximum depending on 

the pH of the gels and hardly changes with temperature 

[14, 15]. Thus, the development of a gel with a new 

combination of active ingredients requires the study of 

the above factors. 

A negative factor in gel technology is the period 

required to wet and swell for the widely used 934P, 940, 

and 980 carbomers, as well as the risk of mechanical 

inclusions ("fisheye") that occur after neutralizing car-

bomer dispersions. In this regard, Lubrizol has intro-

duced a number of advanced carbohydrates with a prop-

erty of rapid self-wetting within minutes without any 

stirring. These carbomers are commercially available 

under the trade names Carbopol® Ultrez 10 [16], Carbo-

pol® Ultrez 21 [17], and have been used in our studies. 

The basis of the dental gel should provide a reliable 

application of the drug on the gums and increase the per-

meability of the active substances. Structural-mechanical 

studies are known to be mandatory for the development of 

any soft drug (ointment, cream, gel) [18, 19]. 

Structural-mechanical properties have a signifi-

cant influence on the processes of release and penetration 

of drugs from soft dosage forms, as well as on their con-

sumption properties: lubricity, adhesion, ability to 

squeeze out of the tube. That is why determining and 

evaluating rheological characteristics is an important and 

integral part of research during the design of soft dosage 

forms [20– 22]. 

The aim of the study was to develop the composi-

tion of a dental gel, taking into account the physicochem-

ical properties of active pharmaceutical ingredients, 

namely, the justification of the type and concentration of 

the gel and other excipients. The objectives of the re-

search were to determine the structural and mechanical 

properties of the gels, to determine the optimal concen-

trations of the gel and the neutralizer, to study the stabil-

ity of model samples of gels. 

 

2. Planning (methodology) of research 

Part of module 3 of the CTD registration dossier 

is pharmaceutical development, which begins with the 

study of the components of the medicinal product, in-

cluding excipients, the study of the physico-chemical 

properties of the drug. In the development of soft dosage 

forms for determining structural and mechanical parame-

ters, studies of the mechanical and colloidal stability of 

gels allow you to make a reasonable choice of the basis, 

to determine the optimal concentrations of the gel, the 

neutralizer and other auxiliaries. The choice of gel base 

is one of the critical factors of quality, which affects the 

technological, consumer, therapeutic characteristics of 

the medicinal product. 

 

3. Materials and methods 

The objects of rheological studies were gels of 

high molecular weight compounds and gels formed by 

the neutralization of carbomers with sodium hydroxide or 

tromethamine. As the active substances in the composi-

tion of the gels were introduced metronidazole benzoate, 

miramistin, hyaluronic acid [8, 23]. 

Excipients with the following functional purpose 

were used in the experiment: gel-forming agents: Carbo-

pol®974P, Carbopol® 934P [8, 23], Carbopol® Ultrez 

10 [16], xanthan gum, sodium alginate [8], carmellose 

sodium [8]; pH neutralizers and regulators: sodium hy-

droxide and tromethamine [7]; solvents (propylene gly-

col (PG), purified water) [7]. 

The determination of the homogeneity of the gel 

samples made by the above technology was performed 

according to the method of SPhU 1.1, p. 511. The deter-

mination of organoleptic characteristics was carried out 

according to SPhU 2.0, the pH of the aqueous extract - 

according to the method in SPhU 1.2, 2.2.3, p. 46. 

Determination of colloidal stability. The tubes 

were filled with 2/3 of the volume (approximately 9.0 

g) of the test samples (so that the masses of the test 

tubes with the drug did not differ more than 0.02 g), and 

weighed accurately up to 0.01 g. The tubes were then 

placed in a water bath at (42.5±2.5) °C for 20 min, then 

wiped dry and placed in centrifuge wells. Centrifuged 

for 5 min at a speed of 6000 rpm. Stability was deter-

mined visually - in the absence of separation. 

Structural viscosity η (mPa*s) was determined 

by SPhU 2.0, volume 1, section 2.2.8. Measurement of 

shear stress τ (Pa or N/m
2
) and shear rate Dr (c

-1
) was 

performed by increasing the spindle speed from 20 to 

100 rpm, reaching constant values at maximum rota-

tion and further reducing the spindle rotation speed. 

Samples were investigated using a BROOKFIELD 

DV-II + PRO (USA) rotary viscometer with coaxial 

cylinder system. The prepared 8 ml samples were 

introduced into a special chamber in an adapter con-

nected to the Brookfield DV-II-Pro Water Circulation 

viscometer. SC4-21 spindle was used to measure the 

performance. 

The mechanical stability of the gel samples was 

defined as the ratio of the value of the tensile strength 

of the structure to fracture (τ1) to the value of the tensile 

strength after fracture (τ2): МС = τ1/ τ2,  

 

4. Results 

According to our previous studies, it was found 

that the selected active substances are well soluble in 

water or hydrophilic solvents, but the solubility of indi-

vidual API is strongly influenced by the temperature 

factor [24]. Thus, it was rational for the preparation of 

dental gel to use hydrophilic gel formers. These bases 

have high mucoadhesiveness, which is the ability to 

retain on the mucous membrane, facilitating the localiza-

tion of the action of the active components of the drug on 

the one hand, and the prolongation of their pharmacolog-

ical effect - on the other. 

According to the literature, synthetic high molecu-

lar weight polymers of acrylic acid - carbomers are most 

widely used in the world pharmaceutical practice for the 

production of gels [13, 19]. During the experimental 

selection of the gel-forming agent, other gel-forming 

agents were also studied: carmellose sodium, sodium 

alginate, xanthan gum. 
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When choosing a gel-forming agent that would 

provide both optimal physico-chemical characteristics of 

the gel and the most optimal way of introducing the gel 

production process, the swelling ability of the gel-

forming carbomers was studied: Carbopol®974P, Carbo-

pol® 934P, Carbopol® Ultrez 10. According to the re-

sults of our experiments, we found that the rate of at-

tainment of the maximum degree of swelling of Carbo-

pol® Ultrez 10 repeatedly exceeded the rate of swelling 

of the other two brands of carbomers. 

Experimental samples with different gel-forming 

agents were studied to determine the optimal composi-

tion of the gel base and their structural viscosity and 

colloidal stability were investigated. Due to the physico-

chemical properties and nature of the origin of the select-

ed gel formers, the mechanism of gel formation experi-

mental samples were prepared as follows: macromolecu-

lar compounds (carmellose sodium, xanthan gum, sodi-

um alginate) was poured into the calculated amount of 

purified water, left for a certain time to swell, then dis-

solved, stirred with heating or at room temperature. 

Samples of gels with different brands of carbopol 

were prepared by standard technology: the required 

amount of carbopol was added to purified water and left 

for swelling of the carbopol for a certain time. After 

stirring, the selected neutralizer was added and stirring 

was continued until a homogeneous consistency gel was 

formed. 

API solutions were added to each of the experi-

mental samples, and homogenization was performed. 

The obtained samples were analyzed for or-

ganoleptic and physical characteristics, investigated 

their colloidal stability. The results are presented in 

Table 1. 

 

Table 1 

Organoleptic characteristics of experimental gel samples 

Characteristic 

Experimental gel samples based on different gel formers 

Carbopol 

Ultrez 10 
Carbopol 974 P Carbopol 934 P 

Carmellose 

sodium 5 % 

Sodium algi-

nate 2 % 

Xanthan gum 

1 % 

Appearance 

Gel of uniform 

consistency 

and white 

colour 

Gel of uniform 

consistency and 

white colour 

Gel of uniform 

consistency and 

white colour 

Gel of uniform 

consistency and 

white colour 

Gel of homoge-

neous, semi-

liquid consisten-

cy and light 

yellow colour 

Gel of uniform 

consistency of 

light yellow 

colour 

pH of 10 % 

solution 
5.92 6.58 6.23 7.81 6.85 7.67 

Structural vis-

cosity,  

η (MPa•s) 

3650 3380 2820 2500 1230 2900 

Colloidal stabil-

ity 

(at 5000 rpm) 

Stable Stable Stable Unstable Unstable Stable 

 

 

According to Table 1, it can be concluded that all 

the experimental samples had a homogeneous consisten-

cy, the pH of all gel samples close to neutral, the struc-

tural viscosity characterizing the obtained gels as plastic 

systems except for the sodium alginate gel. According to 

the colloidal stability test, the samples based on carmel-

lose sodium and alginate sodium are not stable. 

Investigation of the structural-mechanical charac-

teristics of the experimental gel samples was performed 

on a BROOKFIELD DV-II + PRO rotary viscometer 

with a coaxial cylinder system. The results of the studies 

are presented as graphs in Fig. 1. 

Based on the data in Fig. 1, the structural viscosity 

of the experimental samples gradually decreases with 

increasing shear rate. This dependence is characteristic of 

systems with a plastic type of flow and characterizes 

their ability to thin, easily apply and distribute on the 

skin and mucous membranes. 

In addition, the graphs in Fig. 1 show that car-

bomers as a base dominated other types of bases, and the 

experimental sample of gel with Carbopol® Ultrez 10 

has the highest viscosity at the same concentrations of 

carbomers. 

Thus, according to the results of gel research, 

Carbopol® Ultrez 10 was selected for our dental gel 

because it has the best rheological parameters, the high-

est rate of swelling, and the simple technology of gel 

formation. 

The next step was to determine the optimal con-

centration, namely Carbopol® Ultrez 10, which should 

provide balanced organoleptic, technological and con-

sumer properties of the gel. Samples of gel with a con-

centration of carbopol from 0.7 % to 1.5 % were made 

and their homogeneity, lubricity, structural and mechani-

cal parameters were studied. The results are shown in 

Table 2. 
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Fig. 1.The dependence of the structural viscosity of the gel samples on the shear rate 

 

 

Table 2 

Physico-chemical characteristics of gel compositions based on Carbopol
® 

Ultrez 10 

No. of 

sample 

Carbopol con-

centration, % 
The appearance of the gel Homogeneity Spreadability 

Structural 

viscosity, η 

1. 0.7 
Translucent, white, semi-

liquid consistency 
homogeneous +- 2520 

2. 0.9 
Translucent, white, low 

viscous consistency 
homogeneous ++ 3110 

3. 1.1 
Translucent, white, viscous 

consistency 
homogeneous ++ 3550 

4. 1.3 
Translucent, white, viscous 

consistency 
homogeneous + 3770 

5. 1.5 
Translucent, white, dense 

consistency 
homogeneous - 4490 

 

Based on the technological performance of the 

various gel compositions shown in Tab. 2, in the further 

studies the compositions № 2, 3, 4 were used. 

The next step was to study the rheological charac-

teristics of the selected experimental specimens’  

No. 2, 3, 4. The studies were carried out at room temper-

ature using a SC4-21 spindle. 

The rheological parameters of the samples are 

shown in Fig. 2. 

Conducted physico-chemical and rheological 

studies allowed to conclude on the rational use of gel-

forming carbopolUltrez 10 at a concentration of 1.1 %. 

The study of the pH of the gel is an important fac-

tor not only in terms of the stability of the gel structure, 

but also provides chemical stabilization of hyaluronic 

acid in the preparation. 

Sodium hydroxide and v were used as neutralizing 

agents in the studies. As a result of the studies, sodium 

hydroxide was selected as the alkaline agent. Sodium 

hydroxide also acts as a pH correcting agent for the gel. 

The pH of the dental gel for the treatment of infectious 

inflammatory diseases of the gums and mucous mem-

brane of the mouth is normalized within the range of 5.0 

to 7.0. 

The viscosity of the carbopol gel depends on 

the pH value. In the course of the experiment, the 

dependence of the gel viscosity on the pH value, in 

this case, of the amount of sodium hydroxide intro-

duced was studied. The viscosity was determined on a 

Brookfield II + viscometer using disk spindles at a 

speed of 20 rpm. The research data are presented in 

Fig. 3. 
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Fig. 2. Dependence of structural viscosity of Carbopol® Ultrez 10 based gel samples on shear rate 

 

 

 
Fig. 3. Dependence of gel viscosity on pH value 

 

As can be seen from Fig. 3, maximum, stable vis-

cosity was achieved in the pH range from 5.0 to 7.0.  

The sodium hydroxide concentration was se-

lected by varying the percentage of ingredients in a 

quantitative ratio.  

Samples with different content of carbopol with 

the introduction of different concentrations of sodium 

hydroxide were analyzed. The obtained data were pre-

sented in Table 3. 

We selected a sodium hydroxide concentration at 

which the pH of the gel was closest to the middle of the 

selected pH range (pH=6.0). The sodium hydroxide con-

centration was 0.32 %. Fig. 4 shows a diagram of the 

resulting gel. 

 

Table 3 

The dependence of the pH of the gels on the concentration of sodium hydroxide 

No. The concentration of sodium hydroxide, mg / g Gel pH 

1 1.00 3.50 

2 2.00 4.80 

3 2.90 5.40 

4 3.20 6.00 

5 3.50 7.20 
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Fig. 4. Gel rheogram containing 1.1 % Carbopol® Ultrez 10, neutralized with sodium hydroxide to pH (6.0±0.2) 

 

As can be seen from the diagram, the obtained 

dependence is nonlinear. The resulting gel is a non-

Newtonian fluid with a plastic flow type. The fluidity of 

the sample begins after the application of low voltage, 

which is due to the need to break the elements of the 

structure. 

The calculated value of the mechanical stability of 

the resulting gel, close to the optimum - 1.06, which 

indicates a small degree of destruction of the structural 

skeleton of the gel and allows the system to recover due 

to the presence of coagulation bonds. The restoration of 

the structure is important and indicates the ability to 

withstand mechanical action in the process of mixing and 

homogenization of the gel, as well as ensure stability 

during long-term storage of the drug. 

 

4. Discussion 

The results of the studies confirmed the superiori-

ty of synthetic gel formers (carbopol) over high molecu-

lar weight compounds. Carbomer based gels are stable 

and have better structural and mechanical characteristics. 

We have also seen that the introduction into the gel base 

of active substances (metronidazole benzoate, myra-

mistine, hyaluronic acid) has no significant effect on 

rheological parameters. The use of sodium hydroxide as 

a neutralizer provides high levels of structural viscosity 

within the physiological mouth pH. Selected as the basis 

Carbopol Ultrez 10 is the most technological gel-forming 

agent, which in a sufficiently low concentration of 1.1 % 

provides satisfactory rheological parameters and con-

sumption characteristics of the dental gel. 

Further development of the gel composition may 

require repeated (comparative) study of structural and 

mechanical parameters after the introduction of chemical 

stabilizers, preservatives and other types of auxiliaries 

into the base. Rheological studies are the first stage in the 

development of a gel composition and should be supple-

mented by biopharmaceutical studies to confirm the 

release of active substances from the base and their pene-

tration into the tissues. 

 

5. Conclusions 

Structural-mechanical characteristics of gels with 

combined composition based on carbopols and macro-

molecular compounds of semi-synthetic and natural 

origin were studied. It was determined that gels based on 

Carbopol® Ultrez 10 are more preferable in physico-

chemical, technological and consumer properties. 

The rational concentration of Carbopol® Ultrez 

10 gel-forming agent was found to be 1.1 %. Sodium 

hydroxide solution at a concentration of 0.32 % used as a 

neutralizer, provides a stable pH value of the developed 

dental gel. 

Rheological studies have proven that Carbomer Ul-

trez 10 gel is a plastic system with moderate thixotropic 

properties and satisfactory consumer characteristics. 
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