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Abstract— Carbopol is an acrylic polymer. Carbopol is 

non-toxic and non-irritating so that it is suitable for gel 

preparations. Carbopol 940 is often used as a gelling agent in 

gel preparations. Concentration of carbopol 940 as a gelling 

agent needs to be concerned to obtain a good gel preparation. 

This study aimed to determine the effect of carbopol 940 

concentration on physical properties, drug release and the use 

in eye drops. The research method used was descriptive 

method with data collection technique using PICO (Population, 

Intervention, Compare, Outcame) approach. Based on the 

Descriptive research results, it was obtained that carbopol 940 

had influences on the physical properties of the gel in the form 

of pH, viscosity, spreadability, adhesion, organoleptic and 

stability. Carbopol 940 is commonly used in controlled-release 

drug formulations. In addition, carbopol 940 is also safe to use 

in eye drops preparations which do not cause irritation in in 

vivo testing. 

Keywords— Carbopol 940, Gelling agent, Physical 

properties, Drug release 

I. INTRODUCTION 

Gel, sometimes it is called as jelly, according to the 
fourth edition of Pharmacopoeia Indonesia, is a system 
consisting of two phases, namely the water phase and solids 
dispersed in liquid to form a semisolid system [1]. Several 
advantages of gel preparations compared to other topical 
preparations are that it can be easily applied and easily 
spread evenly when applying. It also provides a cool 
sensation and does not cause scars on the skin due to its 
transparent nature [2]. 

Gel formulations consist of active substances, gelling 
agents and other additives [3]. The concentration of the 
gelling agent must be selected appropriately as one of the 
determining parameters that can affect the nature and 
physical stability of the gel because it can affect the 
absorption of active substances on the skin [5]. One of the 
gelling agents often used is carbopol.Carbopol is an acrylic 
polymer. It is non-toxic and non-irritable with repeated use 
so that it is suitable for gel preparations [6]. It will form a 
transparent and bioadhesive gel [7]. 

The advantages of carbopol gelling agents are that they 
can be developed in room temperature water, unlike 
hydroxypropyl methylcellulose which needs to be developed 
in hot water. In addition, the selection of carbopol 940 is due 
to its large viscosity range of 40,000-60,000 cP[8]. The 
concentration of carbopol 940 gelling agent directly affects 
the viscosity of the preparation which also affects the 
physical properties of the gel preparation [9]. 

The other gel component is the active substance. Active 
substances can affect the physical properties of gel 
preparations and their stability. The results of a study 
conducted by Bankar and Dole show the effect of the 
concentration of banana leaf extract (Musa acuminata) on the 
physical properties of gels using carbopol 940 gelling agent 
in which large extract concentration can increase the 
spreadability and viscosity [4]. The study shows that in 
addition to gelling agents, there are concentrations of extracts 
that affect the physical properties of the preparations. Each 
different active ingredient requires optimization of the 
gelling agent concentration. Therefore, research must be 
carried out of how the influence of carbopol 940 gelling 
agent on gel preparations in order to be able to do the right 
formulation and obtain a good preparation in physical 
properties and drug release. 

II. METHOD 

This was a systematic review research. This research was 
conducted by studying the literature and testing critical 
knowledge and related thought. The result of the study was 
used to answer the problem statements determined by the 
researchers. The data source of this research was secondary 
data obtained from the literature. Sources of information 
were obtained from the database of PubMed, ScienceDirect, 
and Google Scholar. Preliminary research results were used 
as a secondary data source by examining research relevant to 
the formulation of the problem. Data collection process used 
was data extraction method using PICO (Population, 
Intervention, Compare, Results). The strategic method was to 
find journals using keywords ("comparison of carbopol 940 
compositions" or "carbopol 940; safety; carbopol 940" or 
"carbopol 940; eye preparation" or "drug release; carbopol 
940"). 16 journals relevant to the aims of study were used to 
composed this literature. These journals contain physical 
properties, the release of gel preparations containing 
carbopol 940 and the safety of carbopol 940 in eye drops. 
Inclusion Criteria: 

 Gel preparation of carbopol 940 

 Carbopol 940 as a gel-forming agent 

 The effect of carbopol 940 used in gel preparations 

 Drug release of gel preparation of carbopol 940 

Exclusion Criteria: 

 Combination of carbopol 940 with other carbopol 

Advances in Health Sciences Research, volume 34

Proceedings of the International Conference on Health and Medical Sciences (AHMS 2020)

Copyright © 2021 The Authors. Published by Atlantis Press B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 80



 

 

 Combination of carbopol 940 with non-polymeric 
material. 

III. RESULT 

 

No 
Author and 

Method 
Result 

1 Asasutjarit[1
2] 

Method: 

Experiment 

Carbopol 940 added to in eye gel preparations 
with a concentration of 0.3% has a pH of 4.8 ± 

0.1 while a concentration of 0.1% can produce 

a dosage of 5.4 ± 0.1 
carbopol 940 with a concentration of 0.1% can 

be used as a safe gelling agent for eye drops 

and has the advantage of being able to prolong 
drug contact with the eye so that a better effect 

is obtained 

formulation using carbopol 940 at a 
concentration of 0.1% tested in vitro in SIRC 

cells showing a total score of 0 which means 
no irritation at all. 

2 Putriana[13] 

Method: 

Experiment 

chitosan gel with 940 carbopol gelling agents, 

the result was pH 5.35 with carbopol 

concentration 1.5%, obtained pH 5.5 at 

carbopol 940  concentration 1% and pH 6.25 

with carbopol 940 concentration 0.5% 

3 Rahmawati 
and 

Setiawan 

[15] 
Method: 

Experiment 

carbopol 940 affects the viscosity of the gel 
preparation with consecutive viscosity results 

for a concentration of 0.5; 1; 1,5; 2, namely 

130 dpas, 150 dpas, 175 dpas, and 280 dpas 
the higher concentration of carbopol 940 can 

reduce the spreadability with the value of 

scattering power respectively 15,3887 cm; 
10,7749 cm 10,139 cm 8,003 cm at the 

carbopol concentration 940 0.5; 1; 1.5 and 2. 

4 Rahayu[16] 

Method: 
Experiment 

Carbopol 940 has a positive influence on the 

viscosity of gel preparations with a coefficient 
of carbopol 940 of 6098 compared to TEA 

which has a negative effect with a TEA 

coefficient of 6960 
carbopol 940 mixed with TEA has a positive 

influence in gel formation with a coefficient 

value of 20869 
carbopol 940 gives a positive response that is, 

the coefficient value of 0.315 can increase the 
adhesion greater than the effect of TEA 

(0.244). Mixing between carbopol and TEA in 

preparations shows a positive coefficient of 
0.035. 

the stability of the gel showed a decrease in the 

viscosity of the gel preparation with a carbide 
concentration of 940 0.4% for four weeks of 

storage, so the gel can be said to be unstable. 

The gel spread test results showed an increase 
in the spreadability of the gel storage period 

for four weeks. 

5 Wijanti [18] 
Method: 

Experiment 

Formula 1, Formula 2 and 3 meets the desired 
adhesion specifications, while formula 1 does 

not meet the desired specifications, because 

there is a difference in the concentration of 
carbopol 940 as a gelling agent, with the 

concentration of carbopol 940 in formula 1 

being the lowest (0.75%) than formula 2 (1%) 
and 3 (1.5%). 

6 Ningsi [21] 

Method: 

Experiment 

formula A with a concentration of 0.5% 

carbopol 940 gel preparations in the form of 

liquid while in formulas B, C, and D at a 
concentration of 1.25%, 2% and 2% carbopol 

940 gel preparations in the form of semisolid, 

and on formula E, F, G, and Hatconcentrations 
of 3%, 4.5%, 6%, and 6% are semisolid. 

the greater the concentration of carbopol 940, 
the more different the clear color of the gel, the 

typical aroma of glycerin decreases and the 

texture is thicker. 

7 Dambur[22] 
Method: 

Experiment 

changes in pH that occur after storage because 
it is influenced by the content of sericin protein 

present in anti-acne gels that are stored at high 

temperatures and the pH of the gel to7.5, not 
included in the range Skin pH 4.5- 6.5. 

8 Sun [23] 

Method: 
Experiment 

carbopol 940 is a good material for topical 

delivery of tolterodine, giving a significantly 
higher yield of drug release than carbopol 934 

and 980. 

9 Aslani[24] 

Method: 
Experiment 

Formula 5 containing 1% carbopol 940 and 3% 

sodium CMC more mucoadhesive than 
Formula 4 containing 0.5%carbopol 940 and 

3% sodium CMC. 

10 Jana [26] 
Method: 

Experiment 

aceclofenac formulation using a carbopol 940 
gelling agent showed continuous aceclofenac 

permeation for more than 8 hours ex vivo 

using rat skin. Anti-inflammatory activity in 
vivo in carrageenan-induced mice also showed 

a higher ratio of more than 4 hours in edema of 

mouse feet prepared with carbopol 940 as  
gelling agents compared to that of the 

marketed aceclofenac gel. 

11 Song [27] 

Method: 

Experiment 

eye drops containing 940 0.1% carbopol 

gelling agent and HPMC 0.4% were evaluated 

by Draize method and histopathological test on 

rabbit eye cornea. The results of the Draize 
method obtained irritation scores for each 

group of formulations were less than 2.5, 

which indicated that the formulations were 
well tolerated. The histopathological test found 

no corneal degeneration, necrosis, 

inflammation, or edema in the cornea of the 
eye. 

 

IV. DISCUSSION 

A. Effect of Carbopol 940 on the Physical Properties of Gel 

Preparations 

This gel-forming agent has an influence on the physical 
properties of the gel preparation. 

 pH. The pH test was aimed to see the acidity of the 
preparation to ensure it did not cause irritation to the 
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skin [10]. The pH standard for topical preparations 
suitable with skin pH balance is 4.5-6.5 [11]. 
According to research conducted by 
Asasutjaritcarbopol 940 added to eye drops in-situ gel 
with a concentration of 0.3% had a pH of 4.8 ± 0.1. 
Meanwhile, a concentration of 0.1% could produce a 
pH of 5.4 ± 0.1 [12].  In the research on making 
chitosan gel with carbopol 940 gel-forming agents, 
the result showed pH of 5.35 with a carbopol 
concentration of 1.5%,. It was obtained pH of 5.5 
with carbopol 940 concentration of 1% and pH of 
6.25 was showed with carbopol concentration  of 
0.5% [13]. The effect of carbopol 940 on pH is that 
the higher the concentration of carbopol 940, the 
more acidic the pH of the gel produced because 
carbopol 940 has acidic properties [6]. Carbopol 940 
can form a good and stable gel matrix at a neutral pH 
around 6-11 [6]. When carbopol 940 is dispersed it 
will have an acidic pH and still not form a good 
matrix gel. After being neutralized by alkylating 
agents (e.g. NaOH and Triethanolamine) the polymer 
will absorb and hold water, the polymer chains are 
interconnected with cross bonds to form a good gel 
mass [14]. 

 Viscosity. Viscosity is one of the physical properties 
of the preparation associated with the thickness of the 
gel preparation. According to research conducted by 
Rahmawati and Setiawan, it showed that carbopol 
940 affected the viscosity of gel preparations with 
consecutive viscosity results for concentrations of 
0.5; 1; 1,5; 2, namely 130 dpas, 150 dpas, 175 dpas 
and 280 dpas [15]. The results of research conducted 
with the Simplex Lattice Design (SLD) method 
showed that carbopol 940 had a positive effect on the 
viscosity of gel preparations with a carbopol 940 
coefficient of  from 6098 compared to 
Triethanolamine which had a negative effect with a 
TEA coefficient of 6960 [16]. The function of TEA 
here is not as a gelling agent but as an alkylating 
agent related to the formation of pH and gel matrix 
through the formation of polymer chain [14]. SLD 
research results also showed that carbopol 940 mixed 
with TEA had a positive effect on gel formation with 
a coefficient value of 20869 [16]. ). The mechanism 
of gel formation by carbopol as a gel forming agent is 
by binding the solvent to the structure of the carbopol 
polymer so that cross-linking occurs in the polymers 
which causes water to be trapped inside, then the trap 
occurs and holds the solvent molecule to form a rigid 
structure resistant to certain forces and pressures [17]. 
Thus, the higher the level of carbopol 940 the higher 
the viscosity and the resulting preparation will have 
high viscosity. 

 Adhesiveness. Adhesion is a physical parameter of the 
gel preparation which aims to ensure that the 
preparation gel can adhere well to the skin when used 
[18]. According to research conducted by 
Wijayantiadhesion test to the preparations between 
formulas with statistical analysis (the interval 
confidence of  95% FCount (80311)>FTable (2.53) so 
that there were significant differences between 
formulas. Formula 2 and 3 met the desired adhesion 

specifications, while formula 1 did not meet desirable 
specifications, this was due to differences in the 
concentration of carbopol 940 as a gel forming agent, 
the concentration of carbopol 940 in formula 1 is the 
lowest (0.75%) compared to formula 2 (1%) and 3 
(1.5%) [18]. The research conducted with SLD 
method was obtained the simplex lattice design 
equation Y = 0.315 (A) + 0.244 (B) + 0.035 (A) (B) 
which showed that the proportion of carbopol 940 
gives a positive response with a coefficient value of 
0.315 which can increase great adhesion compared to 
TEA (0.244 ). Mixing between carbopol 940 and 
TEA in the preparation showed a positive coefficient 
value of 0.035, both of these components were able to 
increase the value of the adhesion of gel preparations 
[16]. Carbopol 940 consists of long chain polymers. 
When it has high concentrations it will increase the 
viscosity. This viscosity is directly proportional to 
adhesion. The higher the viscosity of a preparation, 
the greater the adhesion. 

 Spread of Power. The extent of spread causes contact 
between the drug and the skin becomes extensive. 
Therefore, the absorption of the drug to the skin 
occurs quickly [19]. The SLD equation for the spread 
response in research conducted by Rahayushowed the 
comparison of the proportion of TEA (7.52)  was able 
to provide a positive response to increase the spread 
value of the gel compared to carbopol (3.45) [16]. 
Mixing between the components of the carbopol 
fraction and the TEA fraction gave a negative 
response with a coefficient of 5.19 for the response of 
the gel spreadability [16]. In other research, it was 
also found that the higher concentration of carbopol 
940 could reduce the spreadability with consecutive 
value of 15.33887 cm; 10, 7749 cm; 10,139 cm; 
8.003 cm at carbopol concentration of 940 0.5; 1; 1.5 
and 2 [15]. Spreadability also relates to viscosity of a 
preparation. Spreadibility is inversely proportional to 
viscosity. The higher the viscosity the lower the 
spreadbility which is produced. Conversely, the lower 
the viscosity the higher the power spreadbility which 
is produced higher the power produced [20]. 

 Organoleptic. Organoleptic observation was carried 
out by inspecting changes in shape, color, and odor of 
the gel preparation [15]. The results of observations 
of dosage form of gel formulas A with a 
concentration of 0.5% carbopol 940 gel formulas was 
in topical formulations. Meanwhile, in formulas B, C 
and D at concentrations of 1.25%, 2% and 2% 
carbopol 940 were in semi-solid gel formulations, and 
on formulas E, F, G and H in the composition of 3%, 
4.5%, 6% and 6% were in semi-solid form [21]. 
According to research conducted by Ningsiin making 
hair gel preparations, the greater the concentration of 
carbopol 940, the more different the color of the clear 
gel, the typical aroma of glycerin was increasing and 
the texture was getting thicker [21]. Based on 
research, carbopol 940 affected the organoleptic of a 
gel preparation. The greater the concentration of 
carbopol940 the more dense or thick the gel 
preparation, the more concentrated color according to 
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the color of the active ingredient used, and the less 
the smell of the active ingredient or other substances. 

 Stability. Stability can be determined as a parameter 
in which the product to survive within a specified 
limit during the retention period and use, nature and 
characteristics are the same as when a preparation is 
made [1]. The results of studies regarding to gel 
stability showed a decrease in the viscosity of the gel 
preparation with carbopol 940 concentration of 0.4%  
at four weeks retention, so that the gel remained 
unstable. The gel dispersion test results showed an 
increase in the spreadability of the gel during 
retention period for four weeks[16]. This could occur 
due to the level of carbopol used (0.4%), below the 
recommended range of carbopol use as gelling agent 
(0.5-2%) [6]. Meanwhile, the spreadability increases 
because it is inversely proportional to the thickness of 
the gel preparation [20]. An accelerated experiment 
carried out by DamburpH changes occurred after 
retention period due to the influence of the sericin 
protein content in the anti-acne gel stored at high 
temperatures causing the gel increased at pH 7.5, out 
of the range of skin pH, 4,5-6,5 [22]. To sum up, pH 
affects the stability of the carbopol gel preparation as 
the increasing pH can increase the viscosity of gel 
preparations which affect other physical properties 
such as spreadability and adhesion. Therefore, it is 
necessary to adjust the level of carbopol 940 as 
gelling-agent for each different active substance. In 
addition, the carbopol 940 content exceeds the 
grading level (0.5-2%) for the gelling agent can also 
influence the availability of existing gel preparations. 

B. Drug release with carbopol 940 as gelling agent 

Drug release is an important thing that needs to be 
concerned so that drugs or active substances can enter the 
body and cause effects. Carbopol 940 as a gelling-agent can 
influence drug release. Sun reported that the release of 
tolterodine drug increased relatively constant for 12 hours. 
Carbopol 940  gel matrix could significantly increase the 
cumulative amount of percutaneous drugs. These results 
indicate that carbopol 940 is a good material for topical 
carrier of tolterodine. Besides, it gives a significantly higher 
yield of drug release than that of carbopol 934 and 980 [23]. 

The results of mucoadhesive strength measurement with 
a modified tensiometer showed Formula 5 containing 1% 
carbopol 940 and 3% Sodium Carboxymethylcellulosa (Na 
CMC) is more than Formula 4 containing 0.5% carbopol 940 
and 3% Sodium Carboxymethylcellulosa (Na CMC). It 
indicates that the increasing concentration of carbopol 940 
can increase mucoadhesion. Carbopol has a high molecular 
weight and it can expand up to 1000 times its original 
volume so that it can make a surface adhere to mucin and 
provide a good mucoadhesive effect [24]. 

Carbopol forms a secondary bioadhesive bond with 
mucin, meanwhile other polymers form superficial adhesion 
[25]. Increasing the concentration of carbopol 940 can reduce 
the rate of drug release due to an increase in viscosity. The 
main factors in determining the rate of drug release and 
bioadhesive effects are hydrogel hydration and swelling. 
Hydration and swelling depend on the degree of polymer 

crosslinking. It was observed that the level of cross-linking 
in carbopol 940 was high [24]. Increasing the amount of 
polymer gel becomes thicker and water penetration is 
limited, causing a reduction in drug release but it can 
increase the contact time of the drug [25]. Jana reported that 
an aceclofenac formulation using a carbopol 940 gelling-
agent showed continuous aceclofenac permeation for more 
than 8 hours ex vivo using rat skin [26]. Anti-inflammatory 
activity in vivo in carrageenan-induced mice also showed a 
higher ratio of more than 4 hours in edema of mouse feet 
prepared with carbopol 940 gelling-agents compared to 
commercial aceclofenac gel. From sort of studies the 
carbopol 940 gelling agent can be used to formulate 
controlled release drugs [26]. 

C. Safety of carbopol 940 in Eye Drops 

Asasutjaritreported eye drop formulations using carbopol 
940 at a concentration of 0.1% tested in vitro in SIRC cells. 
The results of the percentage of cell viability (% cell 
viability) of SIRC cells exposed to 5% obtained a score of 0 
and SIRC cells exposed to 0.05% obtained a score of 1. 
Therefore, it can be classified into minimum irritation. Then 
the formula is tested in vivo on rabbits using the modified 
draize test method showing a total score of 0 which means 
no irritation at all [12]. 

Song conducted a histopathology test and an irritation 
test using the eye drops preparation draize method containing 
carbopol 940 gelling-agent of 0.1%. well. In histopathology 
test no corneal degeneration, necrosis, inflammation, or 
edema in the cornea of the eye were found [27]. 

The research report showed that carbopol 940 with a 
concentration of 0.1% can be used as a safe gelling-agent for 
eye drops and has the advantage of being able to prolong 
drug contact with the eye so that a better effect is obtained. It 
was found that the maximum concentration of diclofenac 
sodium in aqueous humor of rabbit with carbopol 940 
gelling-agent of 0.1% was 2.2 times higher than commercial 
eye drops which showed 1.7 times [12]. This is because 
carbopol 940 can increase the viscosity of eye drops so that it 
can have a mucoadhesive effect when used. The mechanism 
of in vitro release depends on two processes, namely the 
migration of water into the in situ gel-forming system and 
drug diffusion. Prolonged release is caused by the formation 
of hydrogen bonds between the drug and the polymer, which 
has helped in controlling the rate of drug release [27]. 

V. CONCLUSION 

Carbopol 940 is a gelling-agent which can affect the 
physical properties of gel preparations. The concentration of 
carbopol 940 as a gelling-agent can be varied to produce 
preparations that meet the criteria for gel physical properties 
namely pH, viscosity, adhesion, spreadability, organoleptic 
and stability. Carbopol 940 can affect the release of active 
drug substances by their viscosity value. The higher the 
viscosity of a preparation, the more difficult the drug is 
released. This makes the use of carbopol 940 more focused 
on controlled release preparations. Eye drops are an example 
of a controlled release using carbopol 940 as a gelling-agent 
that can increase the contact time of the drug with the eye so 
that it can increase drug absorption. The use of carbopol 940 
in eye drops is relatively safe to use because it does not cause 
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irritation and histopathology tests do not indicate damage to 
the cornea of the eye. 
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