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Abstract
Background. Chlorhexidine-based products are often used in medicine and dentistry as dental hygiene and 
therapeutic products, especially by patients with various oral tissue diseases. However, these products have 
disadvantages, such as low stability, as well as discoloration of the teeth and dental reconstruction materials.

Objectives. The aim of this study was to create and evaluate experimental chlorhexidine (CHX) gels with 
anti-staining properties and to compare them with 3 commercially available products.

Material and methods. For this study, 4 new formulations containing 1% CHX and different anti-staining 
agents were developed. The properties of these gels were compared with 3 commercial CHX-based dental 
products. The pH, viscosity, disintegration in water, and anti-staining properties were evaluated.

Results. The pH level of the 4 new CHX gels ranged from 5.92 to 6.33. The viscosity of the experimental 
gels was higher (85.7÷217.7 Pa∙s) than the commercial ones (11.6÷72.7 Pa∙s). Among the experimental 
formulations with 1% CHX, the formulation with 5% polyvinylpyrrolidone (PVP) and 0.2% citric acid and 
the formulation with 1% citric acid were the most stable in terms of pH and viscosity. The disintegration 
times of the experimental gels were longer (50–70 min) as compared with the commercial products (approx. 
20 min). These 2 CHX gels caused less color change of glass ionomer cements in black tea solution.

Conclusions. To conclude, 2 new experimental dental gels based on 1% CHX, one with 1% citric acid and 
the second with 5% PVP and 0.2% citric acid, had the most favorable physicochemical properties. Further 
research is needed to evaluate their therapeutic potential in the treatment of diseases of the oral cavity.
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Chlorhexidine (CHX) was developed in the 1940s by Im-
perial Chemical Industries (ICI, Macclesfield, UK) and 
marketed since 1954 as a general disinfectant.1 It is a bis-
biguanide antiseptic, active against both Gram-positive 
and Gram-negative organisms, including aerobes and an-
aerobes, yeast and fungi. Its mechanism of action leads 
to the rupture of the bacterial cell wall and precipitation 
of the cytoplasmic contents. Higher concentrations of CHX 
result in better efficacy, but also increase its side effects, 
such as staining of the teeth and restorations.1–3 Najafi 
et al. reported similar effectiveness of both 0.2% and 0.12% 
digluconate CHX mouth rinses in the reduction of plaque 
index and gingival index. They also found that 0.2% CHX 
was more effective in terms of the gingival bleeding index 
but caused much more teeth staining than 0.12% CHX.4

Chlorhexidine has superior antiplaque activity due 
to its ability to adsorb and bind to soft and hard tissues. 
When CHX is used after brushing, an interval of at least 
30 min should be kept between tooth brushing and rins-
ing with this chemical because of possible inactivation 
between various positively charged dentifrice detergents 
and the cationic CHX.5–7 This property of CHX has still 
not been clearly verified, but it was described for the first 
time in the 1970s.5

Chlorhexidine salts are available in various formula-
tions for dental applications (mouth rinses, gels and tooth-
pastes).4–9 Some studies have reported that CHX might be 
also released from methacrylic resins and experimental 
glass ionomer cements.9–11 Mucoadhesive dosage forms, 
including gels and films, have been extensively developed 
for the treatment of oral diseases. They are frequently used 
in local therapy of periodontal inflammations. Although 
one of the limitations of gel formulations is their inability 
to deliver a quantified dose of the drug to the site, gels have 
some advantages over other formulations, such as ease 
of preparation and administration, relatively faster release 
of the incorporated drug, as well as higher biocompatibility 
and mucoadhesivity.12

However, an important issue is the instability of the gels. 
Several studies have reported on the instability of CHX 
gels, based on measurements of pH changes and viscosity 
over a given period of time.13,14

One of the disadvantages of CHX is staining following 
long-term use. It  is commonly accepted that prolonged 
CHX use can change the color of the teeth and dental 
restorative materials (composites and cements). Different 
combinations have been introduced to reduce the brown 
pigmentation and other side effects caused by CHX. Vari-
ous products, such as peroxoborate, polyvinylpyrrolidone 
(PVP), sodium metabisulfite, and ascorbic acid, are added 
to CHX.15–19 Natural teeth have been used in in vitro tests, 
but the color of natural dentition depends on many fac-
tors and the typical deviation is very high.20,21 To reduce 
the influence of individual factors, some authors have used 
dental restorative materials or hydroxyapatite disks for 
the evaluation of color change.22–24

Due to its various advantages, CHX is a common agent 
in the treatment of different oral diseases. However, there 
are still some unfavorable effects related to its use. The de-
velopment of new formulations with improved composition 
could reduce the side effects of CHX. The purpose of this 
study was to develop new experimental mucoadhesive gels 
in vitro with 1% CHX and to compare them with 3 com-
mercially available gels.

Material and methods

Preparation of the experimental gels

For this study, 4 new formulations containing 1% CHX 
with different anti-staining agents were prepared. The raw 
materials used for the preparation of these experimental 
gels are summarized in Table 1. All the materials were 
used without undergoing any purification process. A dark 
glass bottle (60 mL) was filled with 30 g of distilled water, 
and all the ingredients were then added. Toward the end 
of the process, 1.5 g of hydroxyethyl cellulose (Natrosol 
250, Ashland Specialty Chemical Co., Convington, USA) 
was added as a gelling agent, together with 2.5 g of CHX. 
The samples were mixed using a magnetic stirrer (Sun-
lab SU1200, Mannheim, Germany) until a colorless solu-
tion was obtained. After preparation, all gels were stored 
at room temperature (23°C) in a dark place. The properties 
of the experimental gels were compared with 3 commer-
cial gels: Curasept 1%, Curasept 0.5% (both from Curaden 
International AG Healthcare S.p.A., Saronno VA, Kriens, 
Switzerland) and Dentosan 0.5% (Recordati S.p.A, Milan, 
Italy) (Table 2).

Table 1. Raw materials used to prepare the gels

Formulation Composition

Experimental gel 
No. 1–4

CHX digluconate 1% (Medichem, Germany)

hydroxyethyl cellulose Natrosol 250 (Aqualon, USA)

Aroma 56041 Mint (Lipo Technologies, USA)

sodium hydroxide (Brenntag, Germany)

Tween 80 (Acumedia Manufacturers, Inc., USA)

glycerol (Brenntag) 

Experimental gel 
No. 1

polyvinylpyrrolidone 5% (Plastodone K29/32 ISP, 
Ashland, USA)

citric acid monohydrate 0.2% (Brenntag) 

Experimental gel 
No. 2

malic acid 0.5% (Brenntag)

Experimental gel 
No. 3

citric acid monohydrate 1% (Brenntag)

Experimental gel 
No. 4

potassium oxalate monohydrate 1% 60425  
(Sigma-Aldrich, USA)

citric acid monohydrate 0.22% (Brenntag)

CHX – chlorhexidine.
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Stability of the pH of the gels

For the evaluation of the stability of the gels, quantifi-
cation of pH values was chosen. The pH was measured 
initially after the preparation of the gels, and then after 
1, 2 and 4 months of storage at room temperature using 
a Voltcraft PHT-01 ATC pH meter (CEI Conrad Interna-
tional Ltd., Hong Kong, China).

Stability of the viscosity of the gels

Viscosity tests were performed according to the stan-
dard procedure using a Haake rheometer (Thermo Fisher 
Scientific, Waltham, USA). Each experimental gel (0.5 g) 
was placed on the plate of the rheometer. The upper plate 
of the machine was pulled down and the instrument was 
run at a rotary speed of 1 rpm.

Gels and their disintegration in water

The purpose of this experiment was to observe the disin-
tegration of the experimental gels in water. For these tests, 
the gel dissolution protocol found in the U.S. Pharmacopeia 
was followed, according to the description of the “paddle 
over disk” method.18 The disk assembly for holding the gels 
was made of acrylic resins. A distance of 2 ±2 mm was 
maintained between the paddle and the surface of the disk 
assembly. The test container was filled with distilled wa-
ter and an acrylic plate covered with 1 g of CHX gel was 
affixed to the bottom. The temperature was maintained 
at 32 ±0.5°C. To simulate the saliva flow inside the mouth, 
the paddle rotation speed was set at 300 rpm.

Anti-staining properties of the gels

To measure the anti-staining properties of the gels, 24 
glass ionomer disks (3 for each experiment and 3 as con-
trols) were prepared (Kavitan LC glass ionomer cement, col-
or A3; SpofaDental AS, Jičín, Czech Republic). The diam-
eter of each disk was 20 mm, and the thickness was 3 mm. 
The cement was prepared by mixing 1.2 g of powder and 
0.5 g of liquid with a spatula to obtain the required paste 
consistency. The material was then placed inside a metal 
form and covered with polyethylene (PE) foil on both sides. 
The samples were cured with a Demi Ultra curing unit 

(Kerr Dental, Bioggio, Switzerland) for 20 s for each side. 
After curing, the samples were removed from the metal 
form, and after 24 h of storage in a dark place, the initial 
color of the disks was measured using an eXactTM colorim-
eter (X-Rite, Grand Rapids, USA) in normal standard light 
to obtain values for the lightness of the color (L), its position 
between red and green (a) and its position between yellow 
and blue (b). In the next step, the samples were covered 
with CHX gels using a plastic spatula. All the disks were 
then put in a black tea solution for 1 week, since CHX gel 
can change the color of teeth or oral mucosa in the pres-
ence of tea or coffee as a result of the Maillard reaction.25 
Lipton tea (Unilever Food Solutions, London, UK) was 
prepared by placing 1 tea bag in 200 mL of boiling water for 
5 min. The tea solution was then poured in 10 plastic cups 
(about 20 mL each). Tweezers were used to put the disks 
into the tea solution. Three disks without CHX gel were 
also immersed in the black tea solution as a control group.

After 1 week of storage at room temperature, the sam-
ples were removed from the tea solution and cleaned with 
a brush under a stream of water. The color was measured 
for the second time with the colorimeter to obtain values 
L1, a1 and b1. Color changes were calculated as ΔE, ac-
cording to the equation:

∆E = √(L1 − L)2 + (a1 − a)2 + (b1 − b)2

Statistical analysis

The results were expressed as the mean value of 3 mea-
surements for each sample. The data was analyzed using 
STATISTICA v. 12 software (StatSoft Inc., Tulsa, USA). 
The significance of the difference between the mean values 
of different groups and the control group was assessed us-
ing Student’s t-test, with p-values ≤0.05 or ≤0.005 taken 
as statistically significant.

Results

Stability of the pH of the gels

The results of  the measurements of pH stability are 
presented in Fig. 1. The initial pH levels of experimental 
gels 3 and 4 were found to be 6.21 and 6.31, respectively, 

Table 2. Commercial chlorhexidine gels used in the study

Formulation Composition

Curasept 1% 
(Curaden International AG)

water, propylene glycol, hydroxyl ethyl cellulose, PVP/VA copolymer, PEG 40, hydrogenated castor oil, 
CHX digluconate, sodium acetate, aroma, acetic acid, sodium metabisulfite, ascorbic acid

Curasept ADS 350 0.5%
(Curaden International AG)

propylene glycol, glycerol, xylitol, hydroxyl ethyl cellulose CHX digluconate, ascorbic acid, PEG 40, 
hydrogenated castor oil, sodium metabisulfite, aroma, methylparaben

Dentosan 0.5% 
(Recordati S.p.A)

propylene glycol, sorbitol, hydroxyl ethyl cellulose glycerin, CHX digluconate, xylitol, PEG 40,  
hydrogenated castor oil, menthol, aroma, methylparaben, citric acid

PEG – polyethylene glycol; CHX – chlorhexidine.
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which were comparable to the initial pH levels of the com-
mercial products (6.16–6.33). Experimental gels 1 and 
2 had lower initial pH levels (5.95 and 6.02, respectively). 
After being stored for 1, 2 and 4 months, the pH values 
of both the experimental and the commercial gels changed. 
The maximum change in pH was observed in experimental 
gel 4 (3% of the initial value). The most stable gel in terms 
of pH was experimental gel 1, in which a pH change of only 
0.4% was noted.

Stability of the viscosity of the gels

The results of measurements of the stability of the vis-
cosity of the gels are presented in Fig. 2. Experimental 
gels had a higher initial viscosity (102.3–217.7 Pa∙s) than 
the commercial products (12.2–68.3 Pa∙s). Gels 1 and 3 had 

stable viscosity, as did the commercial products. After 
2 months of storage, the viscosity of gels 2 and 4 had de-
creased by 10% and 16%, respectively.

Gels and their disintegration in water

The  results of  the  measurements of  the  disintegra-
tion time of the gels in water are summarized in Fig. 3. 
The commercial gels had a shorter disintegration time 
(19.3–22.7 min) than the experimental gels used in this 
experiment (49.3–71.3 min).

Anti-staining properties of the gels

Changes in the color of the glass ionomer cement after 
1 week of contact with black tea solution and the CHX gels 

Fig. 1. The stability over time of the pH 
levels of the gels measured after 
the preparation of the gels and 1, 2 and 
4 months later; changes in pH level 
with p-values ≤0.05 or ≤0.005 were 
considered statistically significant

Fig. 2. The stability over time 
of the viscosity of the gels measured 
after the preparation of the gels and 1, 2 
and 4 months later; changes in viscosity 
with p-values ≤0.05 or ≤0.005 were 
considered statistically significant
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are presented in Fig. 4. Black tea alone had a major influ-
ence on the color of the glass ionomer cement. In the con-
trol group, ΔE was 9.2 after 1 week. In the disks that were 
covered with commercial gels with a lower concentration 
of CHX (0.5%), the color change was lower (for Curasept 
0.5% ΔE was 2.9%, and for Dentosan 0.5 it was 5.6%). Treat-
ment with Curasept with 1% CHX resulted in the highest 
ΔE value: 11.87%. The same result was obtained for experi-
mental gel 4. However, the disks covered with experimental 
gels 1–3 showed less color change. For the experimental 
gel 3, ΔE was found to be 4.0%.

Discussion

Some of the raw materials used to improve the anti-stain-
ing properties of CHX gels are very strong anionic sub-
stances, such as sulfide or disulfide. However, CHX gel is not 
stable in the presence of anionic substances.1,2,25–27 Aqueous 
solutions of CHX are most stable within the pH range from 
5 to 8. Above pH 8.0, CHX base is precipitated and under 
more acidic conditions, a gradual degradation of the gel and 
reduction of its antibacterial activity can be observed.27

Our study revealed that after the addition of anionic sub-
stances, pH of the CHX gels changes over a period of time, 
and they start to release an unpleasant smell. For consumer 
acceptance, manufacturers of commercially available prod-
ucts containing sulfite ions need to add other substances 
to prevent these undesirable consequences.

In the literature, it  is hypothesized that the extrinsic 
tooth staining associated with CHX and metal salts occurs 
due to the formation of metal sulfides. Chlorhexidine dena-
tures proteins in the acquired pellicle by splitting disulfide 
bridges. This leads to the production of reactive sulfhydryl 
groups, which can react with iron or tin ions to produce 
pigmented products.28 The use of substances with reduc-
tive properties, like ascorbic or citric acids, as protection 
against the browning reaction was described by Ozdemir.25 
Another method to obtain this effect is to use agents that 
can form a complex with metal ions. However, we found 
that during storage, not all gels incorporated with such 
agents are stable. For example, after 1 month of storage, 
gels with ascorbic acid and isoascorbic acid become yel-
low. Li et al. tested gels with anti-staining additives and 
observed that they were capable of reducing the side ef-
fect of staining of CHX staining.29 In our study, the best 
anti-staining properties (the smallest color change) were 
demonstrated for gels with PVP and citric acid. These com-
pounds were able to protect glass ionomer disks from color 
changes resulting from a 1-week immersion in black tea 
solution.

The polymer used in gel preparation is an important 
water-soluble excipient and also serves in controlled oral 
drug-delivery systems. It provides thickening properties 
and contributes to pH stability, water retention and ad-
hesion power. A similar effect of prolonged CHX release 
has also been observed in the presence of acidic polymers 
carrying carboxylic groups, such as polyacrylic acid or al-
ginate. This may suggest that the formation of a complex 
of these substances with CHX may be responsible for CHX 
retention in the gel, which may be used to control its re-
lease.26 Gels made by Fini et al. with a higher concentration 

Fig. 4. Color changes in glass ionomer cement 
covered with CHX gels after 7 days of storage in black 
tea solution. Differences in the results for different 
gels and the controls (glass ionomer cement without 
gel but with black tea solution) with p-values ≤0.005 
were considered statistically significant

Fig. 3. Gel stability in water: a model of disintegration
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of the gelling agent Lutrol (15–25%) had a higher viscos-
ity than commercial CHX products and other materials 
prepared during their study.26 For example, a gel with 25% 
Lutrol had a higher viscosity (7413 cps.) than one with 20% 
Lutrol (827 cps.) at 37°C.

In our study, the experimental gels had also a higher vis-
cosity than the commercial products. The adhesion of ex-
perimental gels to the disk during the disintegration tests 
was better than the performance of commercial gels: disin-
tegration times ranged between 50 and 70 min for the ex-
perimental gels, compared to the complete disintegration 
of the commercial products after approx. 20–25 min.

Conclusions

To conclude, 2 new experimental gels, based on 1% CHX, 
one with 1% citric acid and the other with 5% polyvinyl-
pyrrolidone and 0.2% citric acid, showed the best physi-
cochemical properties among the gels tested in our study. 
Further research is still needed to evaluate their thera-
peutic potential.
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