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ABSTRACT

In acne treatment, Benzoyl Peroxide is often used. Can be magistral manipulated in gel and cream forms, but his
chemical instability makes hard to maintain efficiency and stability of product. The objective of this article is to verify
manipulated Benzoyl Peroxide at 2.5% (w/w) stability in gel and cream forms, evaluating formulation in Brazilian National
Formulary 2nd Edition by stress test and degradation profile in 0, 7, 30, 60 and 90 days. Was measured Benzoyl Peroxide and
Benzoic Acid dosage determination and his kinetics, physical-chemical (pH, viscosity) and organoleptic aspects (color, odor and
appearance) in ambient, sunlight, refrigerator and oven conditions. To analyses, it was formulated gel and cream Benzoyl
Peroxide at 2.5% (w/w), tested in iodometric and acid-base titration to Benzoyl Peroxide and Benzoic Acid dosage determination,
Brookfield viscometer to viscosity, pH meter to pH, and organoleptic evaluation in color, odor and appearance, respectively.
Organoleptic and physical-chemical analyses were not statistic significant (p>0.05) but dosages were significant and proved
superior stability in cream than gel sample. Are requested further studies to develop more stable formulations for this product.
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INTRODUCTION

Acne vulgaris is a common skin pathology,
being a chronic pilosebaceous inflammation. There is no
known cure, but with medication is controllable, starting
with topic treatment. Most used agents are topics retinoics,
including Benzoyl Peroxide and he has inflammatory and
comedogenic least effects [1,2].

Benzoyl Peroxide have as action mechanism free
radicals reaction by slow release of oxygen, reduction of
bacterial lypases and sebostatic activity [3]. Because of it,
Benzoyl Peroxide is unstable, very reactive and has a poor
aqueous solubility, making him being common formulated
in topical suspensions. Is found in gel and cream forms, in a
1-10% (w/w) concentration, to avoid much skin irritation
and there is no evidence of systematic toxicity [4,5].

Stability of magistral formulations are not uniform,
due to many factors interference such as temperature, light,
oxygen, humidity, physical-chemical incompatibilities
between peroxide and his emollient. Any modification in
pharmacological structure or conditions affects quality of
formulated product, leaving the established standards.
Knowledge of stability behavior in different magisterial

formulations is fundamental in order to ensure final quality
[6].

Gel and cream in compounding pharmacies bases
their formulations in Brazilian National Formulary [7]. They
contain different types of solvents and vehicles, which can
affect directly on the stability of Benzoyl Peroxide in
pharmaceutical formulations. The chemical instability of
Benzoyl Peroxide makes it very difficult to make a resistant
and stable formula [4].

The objective of this article is to verify
manipulated Benzoyl Peroxide at 2.5% (w/w) stability in gel
and cream forms, evaluating the formulation in Brazilian
National Formulary 2nd Edition [7] by stress test and
degradation profile in 0, 7, 30, 60 and 90 days. Was
measured the Benzoyl Peroxide and Benzoic Acid dosage
determination and his Kkinetics, physical-chemical (pH,
viscosity) and organoleptic aspects (color, odor and
appearance) in ambient, sunlight, refrigerator and oven
conditions.

MATERIALS AND METHODS
Dosage  determination, formulation details,
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physical-chemical and organoleptic aspects test were used to
investigate alterations of formulations under different
conditions using specific guides from ANVISA (National
Sanitary Vigilance Agency), as established by Brazilian’s
Laws. For dosage determination was to be used Brazilian
Pharmacopoeia 5th Edition [8] (RDC 49/2010), but since
this and previous edition did not show how to measure
Benzoyl Peroxide and Benzoic Acid, was used European
Pharmacopoeia 8th Edition [9]. For gel and cream
formulations was used Brazilian National Formulary 2™
Edition [7] (RDC 222/2005) and for physical-chemical and
organoleptic aspects assays Cosmetic Products Stability
Guide [6] (RDC 29/2005).

This experiment is to observe gel and cream 2.5 %
(w/w) Benzoyl Peroxide stress test conducted with
following analysis: dosage determination of Benzoyl
Peroxide degradation and Benzoic Acid formation product
and their Kinetics in duplicate. Physical-chemical and
organoleptic aspects stability by pH, viscosity, odor, color
and appearance in one sample. To perform accelerated
stability test, gel and cream were at each of following
conditions: ambient, sunlight, refrigerator, oven and
measure in 0, 7, 30, 60, 90 days. They were withdrawn and
placed at room temperature for 30 minutes from refrigerator
and oven to eliminate any temperature interference before
carrying out any assay.

Formulation

Gel (1009) [7]

Phase A: Paraben 3.3g; Glycerin 5.0g; Disodium Edetate
0.1 g; Alcohol 70% 100 g.

Phase B: Carbopol 940 1.0g

Phase C: Triethanolamine 0.6g

In a recipient, dismiss Phase B components
previously mixed in Phase A, waiting for complete
dispersion of polymer. Add Phase C under agitation. Verify
pH and correct to 5.5-6.0.

To add Benzoyl Peroxide at 2.5%, use geometric
addiction of 195 g of base and 5 g of Benzoyl Peroxide.
Cream (100g) [7]:

Water Phase (A): Disodium Edetate 0.10g; Glycerin 3g;
Water 100 g.

Oil Phase (B): Non-lonic Auto Emulsifying Wax
10.00g; Liquid Paraffin 2.00g; Non-lonic Auto Emulsifying
Wax 200 E 2.1g; Glyceryl Stearate 0.9g; Butyl-Lathed
Hydroxytoluene 0.05¢.

Complementary Phase (C): Preservative 0.60g.

Heat separately Phase B and Phase A under 80 °C.
In slow agitation add Phase A in Phase B until 40 °C, and
add Phase C. Verify pH and correct to 5.5-6.0.

To add Benzoyl Peroxide at 2.5%, use geometric
addiction of 195 g of base and 5g of Benzoyl Peroxide.

Benzoyl Peroxide dosage determination [9]:
Dissolve 5 g of gel or cream with 50 ml of acetone. Added
to a sufficient amount to 100 ml of acetone and remove 10
ml of mixture. Add 25 ml of 20% potassium iodide solution
(w/v) and mix them. Close the bottle and keep in a place
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protected from light for 15 minutes. After this add more 25
ml of acetone and titrate with 0.1 M SV sodium thiosulphate
using starch as indicator. Endpoint of titration is a
transparent color of the sample.

Benzoic Acid dosage determination [9]: Dissolve
0.2 g of gel or cream in 20 ml of ethanol and titrate with
sodium hydroxide 0.1M SV, using phenol red Sl until violet
color, which indicates the endpoint.

pH potentiometric determination [6]: Calibration of
pH meter was in acidic and basic condition in 4.0 and 7.0
pH. Placed the electrode and measure pH samples.

Viscosity [6]: Was used the Brookfield viscometer.
For measure, leveled off viscometer and chosen an
appropriate spindle for selected samples. When connected
to the device, spindle had immersed until his mark and after
was regulated the speed.

Organoleptic assay [6]: Verified organoleptic
characteristics as color, odor, appearance and samples were
classified as no, little and much alterations.

Statistical Analysis

For analysis results, it was used SPSS Statistics 23
Version Program (IBM). Shapiro-Wilk normality test
indicated distribution data of physical-chemical and
organoleptic aspects. Most of it were non-parametric and
some were parametric. For this, it was used the Kruskall-
Wallis. Were used Mann-Whitney and T-student test to
observe  differences  between  groups  separately.
Kolmogorov-Sminorv  showed Benzoyl Peroxide and
Benzoic Acid dosage determination normality and were
parametric. To them was used factorial 2x5x4 ANOVA test
with Tukey Post-Hoc. P-value considerate statistically
significant was p<0.05 and was used a confidence interval
of 95% of data results.

RESULTS
Stress test

Unfortunately, all assays in all conditions tested were no
statistically significant between days and conditions.

Benzoyl Peroxide and Benzoic Acid Profiles in Gel

Benzoyl Peroxide Gel Degradation and Benzoic
Acid Formation results are available in Table [1], showing
their loss and gains (in grams) plus their standard
derivations in different conditions. All  Graphics
performance degradation and formation are available in
Appendix 1 as figures. Heat conditions as oven Fig [1] and
[2] and sunlight Fig [3] and [4] had worst quality
performance; ambient Fig [5] and [6] and refrigerator Fig
[7] and [8] had a better resistance with gel, although
Benzoyl Peroxide degradation and Benzoic Acid formation
were still present. All of them have a first order kinetics
rate.

A gel formulation of Benzoyl Peroxide study
showed that following solvents: PEG 400, ethanol and
propylene glycol are degraded in 1.4, 29 and 53 days at
400°C, recommending not to sell this in market. In the same
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study, a formulation containing Carbomer lost 6% of
Benzoyl Peroxide at 200°C and 21.7% at 400°C in 3
months, being less stable than an aqueous gel with hydroxyl
propyl celluloses, who lost less than 2% at the highest
temperature analyzed, by iodometric assay [10]. When there
is a comparison between Benzoyl Peroxide gel
formulations, the type of surfactant have an impact on
degradation profile. Amphoteric Surfactant as Sodium
Cocoamphoacetate and Disodium Cocoamphoacetate leads
to more than 99.5% of degradation within 1 month at
400°C. With Non-lonic Surfactant as Sucrose Laurate and
Decyl Glucoside were degraded 0.04% and 5.3%,
respectively in 2 months at same temperature. Mild lonic
Surfactant as Zinc Coceth Sulfate, Sodium Cocoyl
Isethionate and Sodium Methyl Cocoyl Isethionate lost
5.3%, 0% and 9.9% of Benzoyl Peroxide in same conditions
[11].

Benzoyl Peroxide and Benzoic Acid Profiles in Cream
Benzoyl Peroxide Cream Degradation and Benzoic

Acid Formation results are available in Table [2] showing

their loss and gains (in grams) plus their standard
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derivations in different conditions. Cream showed a more
resistant formula than gel, but still degrading more Benzoyl
Peroxide and forming Benzoic Acid at oven Fig [9] and [10]
and sunlight Fig [11] and [12] conditions.

In foam formulation, addition of glycerin and
Sodium PCA slows down degradation profile, only 1.94%
and formulations without them degrades between 7.26-
13.2% in 2 weeks at 400°C [19]. At the same study, foam
formulations with 6% of oil plus emollient degraded
between 1.2-1.8% of Benzoyl Peroxide and oil-free
formulation did not degrade in 6 months at 300°C [12]. In
Cream gels, a speed stability test indicates within 2 months
did not had alterations in Benzoyl Peroxide expect content
at ambient and 400°C temperature [13]. Benzoyl Peroxide
cream lotion mix at 10% with Tretinoin gel 0.025%, under
ambient degraded 80% and at visible sunlight was 95% both
in 24h [14].

Ambient Fig [13] and [14] and refrigerator Fig [15]
and [16] conditions had a minor degradation at all
conditions, however still maintains Benzoyl Peroxide
degradation and Benzoic Acid formation. All of them have a
first order kinetics rate.

Fig 1. Benzoyl Peroxide Oven Gel Degradation. First order
reaction.

Days

Benzoyl Peroxide = -0.0342x (number of days) + 2.3709. R =
0.3493.

Fig 2. Benzoic Acid Oven Gel Formation

1

BAc (g)
°

2
o
o

Days

First order reaction: Benzoic Acid
days) + 4.2946. R2 = 0.876.

= 0.0907x (number of

Fig 3. Benzoyl Peroxide Sunlight Gel Degradation.

5e

BP (g)

an

Days
First order reaction: Benzoyl Peroxide = -0.0369x (number of
days) + 3.4649. R? = 0.648.

Fig 4. Benzoic Acid Sunlight Gel Formation

BAc (g)

Days

First order reaction: Benzoic Acid = 0.03x (number of
days) + 4.1258. R2 = 0,6929
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Fig 5. Benzoyl Peroxide Ambient Gel Degradation Fig

BP (g)

Days
First order reaction: Benzoyl Peroxide = -0.0462x (number of

BAc (g)

First order reaction: Benzoic Acid = 0.038x (number of
days) + 3.3308. R2=0.9675

6. Benzoic Acid Ambient Gel Formation.

8

Days

days) + 4.3137. R2=0.9151
Fig 7. Benzoyl Peroxide Refrigerator Gel Degradation

BP (g)

4 80

Days
First order reaction: Benzoyl Peroxide = -0.0383x (number of
days) + 3.6122. R2=0.7009

Fig 8. Benzoic Acid Refrigerator Gel Formation

Days
First order reaction: Benzoic Acid = 0.0256x (number of
days) + 3.6683. R2 = 0.8343.

Fig 9. Benzoyl Peroxide Oven Cream Degradation

. Days
First order reaction: Benzoyl Peroxide = -0.0425x (number of

Fig 10. Benzoic Acid Oven Cream Formation

BAc (g)

Days
First order reaction: Benzoic Acid = 0.071x (number of
days) + 3.2624. R2=0.9721

days) + 3.2881. Rz = 0,6552
Fig 11. Benzoyl Peroxide Sunlight Cream Degradation

BP (g)

Days

Fig 12. Benzoic Acid Sunlight Cream Formation

BAc (g)

2 60 80

Days

First order reaction: Benzoic Acid = 0.0438x (number of

First order reaction: Benzoyl Peroxide = -0.0211x (number of

days) + 3.5451. R2 = 0.9404

days) + 4.5257. R? = 0,8699
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Fig 13. Benzoyl Peroxide Ambient Cream Degradation Fig 14. Benzoic Acid Ambient Cream Formation

= : e —— ” B’
= e g4
20 40 Days 60 80 100 N - Days :

First order reaction: Benzoyl Peroxide = -0.0223x (number of | First order reaction: Benzoic Acid = 0.0377x (number of
days) + 4.643. R2 = 0.9249 days) + 3.4683. R? = 0.9603

Fig 15. Benzoyl Peroxide Refrigerator Cream Degradation | Fig 16. Benzoic Acid Refrigerator Cream Formation.

- - Days ” - - ‘- N h Da}’s N N
First order reaction: Benzoyl Peroxide = -0,0209x (number of | First order reaction: Benzoic Acid = 0.0211x (number of
days) + 4.8378. R2 = 0.9641 days) + 2.9929. Rz = 0.9949
Fig 18. Benzoyl Peroxide chain reaction

Fig 17. Benzoyl Peroxide molecular structure
(a) (CGH5COO)2 — 2C6H5COO.

(b) CegH5COO®* + RH — C¢H5;COOH
+ R*(RH is solvent)

\O (¢) (C¢Hs5COO), + R* — CgH5COOR
+ C¢H5COO"
O (d) R®* + R°(orCgHsCOO®) — termination
Fig 20. Kinetic rate degradation between solvent and

Fig 19. Benzoic Acid molecular structure
solvent radical termination4

HO O
Rate = k,,(k/2k;)"? [BP]*?

Fig 21. Kinetic rate degradation between solvent and benzene radical termination4

Rate = (kkspikapolkiz)”2 [S]V2[BP]
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Table 1. Benzoyl peroxide and benzoic acid gel degradation under tested conditions

Days | Ambient Sunlight Refrigerator Oven
BP (9) BA (9) BP (9) BA (9) BP (9) BA (9) BP (9) BA (9)
0 4.98+0* 3.05+0 4.98+0 3.05+0 4.98+0 3,050 4.98+0 3.05+0
7 3.82+0 3.66+0.61 2.10+0.41 4.88+0 2.56+0.14 4.240.61 0.26+0.02 6.71+0.61
30 2.32+0.09 4.88+0 1.76+0.21 5.80+0.30 1.67+0.12 4.88+0 0.1440 7.02+0.30
60 1.23+0.02 5.49+0.61 0.96+0.04 6.1+0 0.96+0.04 5.19+0.30 0.08+0.01 8.54+0.61
90 0.58+0.09 6.71+0.61 0.62+0 6.41+0.30 0.72+0 5.80+0.30 0 13.12+0.30
*Benzoyl Peroxide (BP) or Benzoic Acid (BA) average in grams £SD
Table 2. Benzoyl peroxide and benzoic acid cream degradation under tested conditions
Days Ambient Sunlight Refrigerator Oven
BP (9) BA (9) BP (9) BA (9) BP (9) BA(g) | BP(g) BA (9)
0 4.98+0* 3.05+0 4.98+0 3.05+0 4.98+0 3.05+0 | 4.98+0 3.05+0
7 4.33+0.07 3.96+0.30 4.06+0.09 3.96+0.30 4.69+0.04 3.05+0 | 1.98+0 3.66+0
30 3.72+0.09 4.88+0 3.65+0.02 5.49+0 4.09+0.16 3.66+0 | 1.08+0.16 6.1+0
60 3.24+0.09 5.80+0.30 3.26+0.12 6.1+0 3.4140.02 42740 | 0.33+0.04 7.02+0.30
90 2.78+0.12 6.71+0.61 2.73+0.02 7.32+0 3.1240.02 4.88+0 | 0.13+0.03 9.76+0

*Benzoyl Peroxide (BP) or Benzoic Acid (BA) average in grams £SD

DISCUSSION

Benzoyl Peroxide, Fig [17] high reactivity is
because of an oxygen bound instability. Fig [18] is the
process of Benzoyl Peroxide free radicals generation. When
the oxygen bound is broken, it forms benzene radicals,
where propagates and can react with himself creating more
benzene radicals or attack the solvent. Propagation reaction
number determines chain distance force and it will only end
when radicals combines their missing electrons. Solvents
can accelerate the decomposition (as shown in Fig. 18 (b))
by a transfer chain process, where abenzene radical captures
a solvent proton, forming a solvent radical. Benzoic Acid,
Fig [19], is an example of generate product of this coming
from this type of attack [4,5].

Comparing both vehicles in all tested conditions,
cream is more stable to Benzoyl Peroxide degradation and
Benzoic Acid formation than gel. This happens because of
Benzoyl Peroxide action mechanism, where solvents
radicals in cream are more stable and less reactive then
benzene radicals, stopping the decomposition chain. Gel
have solvents, as ethanol, who helps to accelerate kinetic
decomposition chain process. Formulations with alcohol are
40% less stable when compared with acetone, propylene
glycol and laureth 416. About conditions, higher
temperatures facilitates the fists steps to decompose,
decreasing chain distance between radicals [4].

Benzoyl Peroxide kinetic rate degradation depends
on what termination is the free radical attacking. If radicals
are attacking where the termination is a solvent, will have a
rate equation as represented in Fig [20], and if termination
is between a solvent radical and a benzoate radical, the rate
equation is shown in Fig [21]. Gel Benzoyl Peroxide low R2
equation results is due to starch hydroxylation at low pH,
showing a limitation in iodometric titration methodology
[17]. This correspond to our results.

Researchers have been advancing to bring new formulations
to Benzoyl Peroxide. Many agents were used to maintain
stability as used in other formulations are infective, leading
to choose encapsulated actives to drop skin irritation and at
the same time retaining chemical stability, as use of
hydrofluoroalkanes foams as transport nanoparticles [5].
Was tested a lipid and polymer nanoparticle incorporated in
foam. The first one is more effective than the second is,
because has a bigger surface tension, molecule capture and a
minor particle size, showing greater efficiency comparing
with simpler formulations [5]. An encapsulated Benzoyl
Peroxide with polymeric micro particles to protect from
degradation and avoid skin irritation [18]. Niosomal gel and
a jellified emulsion prolonged Benzoyl Peroxide release,
theoretically bringing more stability [19-21]. Even though,
these new formulations needs to certificate product quality,
so is still necessary to do stability tests as acceleration and
shelf life. There is a lack of information in literature about
Benzoyl Peroxide quality control of formulations and mass
balance [5].

About the determination of degradation and
formation products, the use of High Performance Liquid
Chromatography is more common, but it is still
recommended  iodometric  titration in  European
Pharmacopoeia [9] and presents same results when
compared to Thin Layer Chromatography and
Spectrophometric [22], being a cheaper, easier and a reliable
methodology.

This article is aimed to verify manipulated Benzoyl
Peroxide at 2.5% (w/w) stability in gel and cream forms,
evaluating formulation at Brazilian National Formulary 2nd
Edition [7] by stress test and degradation profile in 0, 7, 30,
60 and 90 days.

It is possible to conclude that Benzoyl Peroxide is
an effective topic treatment for acne, but is unstable. In this
article, gel samples showed a minor stability comparting to
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cream, degrading more active agent and forming more
reaction products in different conditions. This gel
formulation is not stable because of the oxygen bond and
reactions between free radicals of the drug and solvents, as
alcohol, who helps to accelerate degradation. Cream
formula is a better option to public sales, because of his
stability and has results that are more efficient.

Development of new and more resistant
formulations for Benzoyl Peroxide is necessary and
challenging. Recommendation for future works is to use
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appearance and carry the medication to release on skin. Also
important to highlight to the fact that Brazilian National
Formulary also the Brazilian National Pharmacopeia needs a
revision to include an update on Benzoyl Peroxide
formulation and analytical assays for Benzoyl Peroxide and
Benzoic Acid identifications.
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