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Study of the composition of 140 shampoos:
similarities and differences depending
on the sales channel used

Background: Shampoo is a hair care product designed to clean the skin
and hair of the scalp. Among the ingredients that go into the making of
a shampoo are detergents, conditioners, thickeners, sequestering agents,
pH adjusters, preservatives, and active ingredients such as anti-dandruff
agents. Objectives: The purpose of this study was to identify the composi-
tion of 140 shampoos available in pharmacies, in stores of a mass-market
chain, or from mail-order retailers. Forty-one shampoos were advertised
as “gentle”, 12 as specially formulated for infants, 35 as anti-dandruff,
and 52 without any particular claim. Materials and Methods: We anal-
ysed the cleansing base, preservatives, and anti-dandruff agents when
relevant and identified the allergens regardless of whether or not they are
listed under Regulation (EC) No. 1223/2009 as one of the 26 regulated
substances. Results: We discovered that unlike shampoos sold in stores of
a mass-market chain and those available from mail-order retailers, those
sold in pharmacies expose users to some of the 26 substances listed
under Regulation (EC) No. 1223/2009. We also determined that baby
shampoos sold in pharmacies are allergen-free. Regarding anti-dandruff
formulations, the largest variety of active ingredients was found in sham-
poos sold in pharmacies. Overall, the most common active ingredients
were olamines, zinc pyrithione, azoles, selenium disulphide, and plant
extracts. Conclusion: Shampoos sold in pharmacies appear to contain
fewer allergens listed under Regulation (EC) No. 1223/2009 compared
to those sold elsewhere.

Key words: shampoo, pharmacy, supermarket, cleansing base, allergen,
preservative, anti-dandruff agent

word meaning “to massage”) is a hygiene prod-

uct intended to clean hair and scalp. http:/fr.
wiktionary.org/w/index.php?title=shampoo&action=edit&
redlink=1 In the monograph entitled “Liquids for cuta-
neous application” (Liquida ad usum dermicum), the
seventh edition of the European Pharmacopoeia pro-
vides the following definition: “Shampoos are liquid or
sometimes semi-liquid preparations to be applied on the
scalp and then rinsed and eliminated with water. They
generally form foam when mixed with water. Shampoos are
emulsions, suspensions or solutions. They usually contain
surfactants”.
In practice, the vast majority of shampoos are solutions,
although there are some cream shampoos. The following
schematic definition can be given:
A shampoo=a cleansing base (water+ surfactants)+
additives £ active ingredients [1, 2].
The cleansing base is an aqueous solution of surfactants and
its effectiveness is based on three or four of the following
properties of surfactants; the ability to:

T he word “shampoo” (derived from the Hindi

— wet: tendency to spread on a surface;
— emulsify: to emulsify sebum and lipophilic substances;
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— clean: to remove and dissolve dirt from a solid surface;
— foam: to generate foam which plays an important psy-
chological role for this type of product.

All these properties contribute to the cleaning of the solid
surface, i.e. hair in this case [2, 3].

We were interested in the composition of approximately 100
shampoos (“gentle”, baby, anti-dandruff, and without any
particular claim), available through different sales channels
(pharmacies, stores of a mass-market chain, and mail-order
retailers), in order to shed light on possible differences in the
nature of the raw materials chosen, i.e. the surfactants used
in the cleansing base, preservatives, or active ingredients.

Materials and methods

Materials

In total, 140 shampoos were studied. Forty-one (27 sold in
pharmacies and 14 in stores of a mass-market chain) were
marketed as “gentle”, 12 (six sold in pharmacies and six in
stores of a mass-market chain) were presented as formulated
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for infants, 35 (15 sold in pharmacies, 17 in stores of a mass-
market chain, and three through mail-order retailers) were
marketed as anti-dandruff formulations, and 52 (29 in stores
of a mass-market chain and 23 through mail-order retailers)
were sold without any particular claim.

Methods

For each shampoo, the number and nature of surfactants
constituting the cleansing base, the number of allergens
as defined under Regulation (EC) No. 1223/2009, and the
number and nature of preservatives have previously been
determined [4]. In the case of anti-dandruff shampoos, we
also looked at the number and nature of active ingredients.

Statistical analysis

Boxplots were used as a standard graphical method to
describe groups of values in terms of quartiles. Using this
method, it is possible to visualise five statistical features:
the segment in the middle as the median; the two seg-
ments delimiting the box as the first and third quartile,
and two whiskers (corresponding to 1.5 interquartile range).
This tool is used to provide quick insight into the disper-
sion of data. Moreover, it allows an easy comparison of
the dispersion of different groups. The preliminary conclu-
sion provided by graphical tools must then be confirmed
by statistical hypothesis testing. The Mann Whitney test
was used to investigate whether two shampoos were dif-
ferent or not according to p values; for p < 0.05, the null
hypothesis was rejected, therefore indicating an impact on
the measurements.

Results

Comparison of the cleansing base

The 58 surfactants we were able to identify in the 140 sham-
poos studied are presented in table 1. The cleansing base
was always composed of several surfactants. The number
of surfactants found in shampoos marketed as “gentle”, for
babies, and as anti-dandruff is presented figure 1.
Approximately 44% of the surfactants identified were found
in the “gentle” shampoos sold in pharmacies. Of these,
cocamidopropyl betaine (9.2%), coco glucoside (9.2%),
sodium laureth sulphate (9.2%), sodium cocoyl glutamate
(8.5%), and glyceryl oleate (7.7%) were the most prevalent.
“Gentle” shampoos sold in pharmacies were most likely to
contain cocamidopropyl betaine (12/27; 44%), coco gluco-
side (44%) or glyceryl oleate (37%) in the cleansing base. In
approximately 19.7% of the cases, the cleansing base con-
tained a combination of cocamidopropyl betaine and coco
glucoside (figure 2).

Of the “gentle” shampoos sold in retail stores, only 14%
of the surfactants identified were present in the cleansing
bases. These were mostly sodium laureth sulphate (24%),
cocamipropyl betaine (20%), and glycol distearate (16%).
“Gentle” shampoos sold at stores of a mass-market chain
were most likely to contain a combination of sodium lau-
reth sulphate (12/14; 86%) and cocamidopropyl betaine
(71%). The likelihood of a formulation with cocamido-
propyl betaine and sodium laureth sulphate was 61%
(figure 3).

There was no significant difference in the number of
surfactants contained in the cleansing base of shampoos
designated as “gentle”, sold through the three sales chan-
nels studied (pharmacies, stores of a mass-market chain,
and mail-order retailers). An average of three surfactants

Gentle

Baby Ani-dandruff

Pharﬁacy Supern:arket Mail-order Pharrhacy

Superm’arkel Pharﬁacy Supern;arket Mail-order

Figure 1. Box plots showing the number of surfactants in cleansing bases, according to shampoo category and sales channel.
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was found in the cleansing base; mostly sodium lauryl ether
sulphate, cocamidopropyl betaine, and glycol distearate.
The difference in the number of preservatives used in the
formulations was not statistically significant between sham-
poos available in pharmacies and stores of a mass-market
chain (p=0.72), but was significantly lower in shampoos
sold through mail-order retailers (p =0.038). The real dif-
ference between shampoos sold in pharmacies and those
sold in stores of a mass-market chain was the number of
allergens from the list of 26 regulated substances under Reg-
ulation (EC) No. 1223/2009 (p =0.038). No difference was
identified when shampoos sold in stores of a mass-market
chain were compared with those available from mail-order
retailers (p =0.34).

Only two sales channels (pharmacies and stores of a mass-
market chain) were studied in the case of baby shampoo;
the difference in number of surfactants between the different
shampoos was not significant (p = 1) (figure 4).

A comparison between “gentle” and baby shampoo sold
in pharmacies showed that the formulations were similar
with regards to the number of surfactants that comprise the
cleansing base (p =0.86) (figure 5).

Analysis of the cleansing base of anti-dandruff shampoos
sold in pharmacies showed that nearly 45% of the surfac-
tants identified (table 1) were found in these formulations.
The most common surfactants found were sodium laureth
sulphate (12.9%) and cocamidopropyl betaine (6.5%). The
most common cleansing base of anti-dandruff shampoo
sold in pharmacies was a combination of sodium laureth
sulphate (12/15; 80%) and coco-betaine (40%) (figure 6).
Analysis of the cleansing base of anti-dandruff shampoos
sold in stores of a mass-market chain showed that nearly
30% of the surfactants identified (table 1) were found
in these formulations. Of these, the most prevalent were:
sodium laureth sulphate (17.7%), glycol distearate (11%),
cocamidopropyl betaine (7.7%), and sodium polynaphtha-
lene sulfonate (7.7%). All anti-dandruff shampoos sold
in stores of a mass-market chain, except for one, con-
tained sodium laureth sulphate. Glycol distearate (59%),

cocamidopropyl betaine (41%), and sodium polynaphtha-
lene sulfonate (41%) were also fairly prevalent (figure 7).
Only 8% of the identified surfactants (table 1) were found
in the cleansing base of shampoos sold through mail-order
retailers. Of these, cocamidopropyl betaine was the most
prevalent (25%). Two out of three shampoos studied con-
tained this surfactant (figure 8).

The cleansing base was also compared between shampoos
with no particular claim and “gentle” and baby shampoos,
sold in stores of a mass-market chain (figure 9); no statis-
tically significant difference was identified between baby
shampoos and shampoos with no specific claim (p =0.37).

Allergens

The allergens that have to be listed on the packaging pur-
suant to Regulation (EC) No. 1223/2009 and their nature
are presented in figure 10 and table 2. It is important to note
that there are also allergenic substances that are not on the
list of 26 allergens which, by law, must also be listed on the
packaging. Those which we have been able to identify are
presented in fable 3.

The number of allergens found in shampoos from retail
stores was compared between shampoos without any par-
ticular claim and “gentle” and baby shampoos (figure 11);
more allergens were identified in shampoos sold without
any specific claim compared to baby shampoos and this dif-
ference was statistically significant (p =0.065). The nature
of all allergenic substances found in shampoos with no spe-
cific claim sold in retail stores, regardless of whether they
are on the list of 26 regulated substances, is presented in
table 4.

The most significant difference between shampoos sold in
pharmacies and those sold in retail stores was the number
of allergens from the list of 26 regulated substances under
Regulation (EC) No. 1223/2009, (p =0.038). Fewer aller-
gens were found in baby shampoos compared to “gentle”
shampoos (p =0.016). However, there was no difference in
the number of allergens between shampoos sold in retail

Sodium laureth

Cocamidopropyl

Sodium cocoyl
glutamate
9%)

sulfate (9%)

Coco-glucoside
(9%)

betaine (9%)

Figure 2. Analysis of the cleansing base in “gentle” shampoos sold in pharmacies.
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stores and those available online (p =0.34), between “gen-
tle” shampoos and baby shampoos sold in retail stores
(p=0.12), or between baby shampoos and shampoos with
no specific claim sold in stores of a mass-market chain.

Preservatives

The number of preservatives identified according to where
the shampoo was available is presented in figure 12. The
nature of the preservatives identified is presented in fable 5.
Shampoos with no specific claim sold in retail stores con-
tained the same number of preservatives as other types of
shampoo (table 6).

Different preservatives are used in order to cover a
broad antimicrobial spectrum. The number of preserva-
tives in shampoos from retail stores was compared, and
no difference was identified between “gentle” shampoos,
baby shampoos, and shampoos with no specific claim

(figure 13).

Anti-dandruff agents

The number and nature of anti-dandruff agents identified in
the shampoos studied are presented in table 7, and a com-
parison between the different sales channels is presented in
figure 14.

Figure 3. Analysis of the cleansing base in “gentle” shampoos sold in a mass-market chain.
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Table 2. Allergens found in shampoos studied according to Annex III of EU Cosmetic Regulation 1223/2009.

Allergens “Gentle” “Gentle” Shampoo Shampoos Anti-dandruff Anti-dandruff
shampoos shampoos for babies for babies shampoos shampoos
(pharmacy) (mass-market) (pharmacy) (mass- (pharmacy) (mass-market)
market)

4 i, -
- - : - 5

Alpha-isomethylionone

Amyl cinnamal

Benzyl alcohol

Benzyl salicylate

S|—= ||~ O
— s W

|

|

—

W

Butylphenylmethyl
propional
Citral

Citronellol

BN =
' '

' 1

' —
\STON]

Coumarin

Eugenol

Geraniol

[© )W)
|
|
|
AN | W

Hexyl cinnamal

Hydroxycitronellal

4
1
1
1
Farnesol 1 - - - - -
2
0
1
1

Hydroxyisohexyl 3-cyclohexene
carboxaldehyde

Limonene 10 7 - 2 9
Linalool 6 7 - 1 2 12

6

Phar;nacy Superrlnarket

T T
Figure 4. Box plot showing the number of surfactants in Gentle Baby
cleansing bases in shampoos for babies, according to sales
channel.

Figure 5. Box plot showing the number of surfactants in
cleansing bases in “gentle” and baby shampoos.
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Sodium Glyceryl oleate
4%

Yo

Cocamidopropym
betaine
4%

Cocamide MIPA
5%

Coco betaine.
7%

Sodium laureth
sulfate
13%

Figure 6. Analysis of the cleansing base in antidandruff shampoos sold in pharmacies.

M Others B Cocamidopropyl betaine

» Sodium laureth sulfate M Sodium naphtalene sulfonate

m Coco betaine

m Glycol distearate

Figure 7. Analysis of the cleansing base in antidandruff shampoos sold in supermarkets.
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W Absence of
surfactants listed
in zable 1

M Presence of
surfactants listed
in table 1

B Cocamidopropyl betaine

¥ Sodium lauryl sulfate

B Ammonium lauryl sulfate

M Sodium laureth sulfate

B PEG-120 methylglucose

W Decyl glucoside

Figure 8. Analysis of the cleansing base in antidandruff shampoos obtained from mail-order retailers.

Table 3. Other allergens than those listed under EU Cosmetic Regulation 1223/2009.

Allergens “Gentle” “Gentle” Shampoos Anti-dandruff Anti-dandruff
shampoos shampoos for babies shampoos shampoos
(pharmacy) (mass-market) (mass-market) (pharmacy) (mass-market)

Hydrolysed wheat or rice protein 3 - 1 - 2

DMDM hydantoin - - - 2 2

Iodopropynyl butylcarbamate 3 - - - -

Methylchloroisothiazolinone 1 1 1 -

Methylisothiazolinone 6 2 1 2 7

Discussion

With very few exceptions, shampoos are considered as cos-
metics, moreover, from a regulatory point of view, the laws
in force have only ever recognized shampoos as cosmetics.
The concept of dermo-cosmetics was developed in both
Europe and the United States for marketing purposes in the
1970s and has no regulatory basis [5]. There are only small
differences in the cleansing base of the shampoos available
through the different sales channels.
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The main surfactants found are anionic surfactants includ-
ing an alkyl ether sulphate: sodium lauryl ether sulphate.
Although it was thought that this substance had completely
disappeared, the amount of sodium or ammonium lauryl
sulphate found was not negligible. In fact, four shampoos
with no specific claim sold in retail stores contained these
substances. More surprisingly, six “gentle” shampoos sold
in pharmacies also contained these substances, as did four
“gentle” shampoos of the 14 sold in retail stores. In con-
trast, lauryl sulphate is not present in baby shampoos sold
in pharmacies or retail stores. This is worth noting insofar
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Figure 9. Box plot showing cleansing base composition in
“gentle” shampoos, shampoos for babies, and shampoos with-
out any claim, sold in supermarkets.

as the particularly irritating effect of this surfactant is known
[6-12]. As is common knowledge, the ethoxylation of this
type of molecule leads to less irritation and therefore bet-
ter tolerance by the scalp [8-13]. To overcome the irritating
effect of these surfactants and formulate “gentle” sham-
poos, amphoteric and non-ionic surfactants are combined.
Of the amphoteric surfactants, we found mostly betaine
derivatives, such as coco-betaine, but especially cocami-
dopropyl betaine, a synthetic surfactant belonging to this
family obtained from coconut oil and dimethylaminopropy-
lamine. This is well tolerated, even though for a time it was
suspected to be allergenic [14-16].

The true cause of the undesirable effects observed is due
to the synthetic intermediate, dimethylaminopropylamine
[17,18].

The advantage of non-ionic surfactants is that they can be
formulated within a wide range of pH values and do not
cause much irritation, while still having a cleansing effect.
The disadvantage is that they create only a small amount
of foam. Alkanolamides were identified in the shampoos
studied. These are surfactants, good foaming agents, and
foam stabilizers. They also make it possible to control the
viscosity of the shampoo [19]; cocamide MEA (figure 15)
is an example.

When using any of the members of this family of
surfactants, one should pay attention to the way in
which nitrosamines are produced [20], with care during
formulation, in this case avoiding the use of a formaldehyde-
releaser as a preservative [21, 22].
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Table 4. Allergens found in shampoos without any particular
claim.

Number of
shampoos with
identified
allergen

Allergens

From the list of 26 regulated substances
of Regulation (EC) No 1223/2009
Alpha-isomethyl ionone

Benzyl alcohol

Benzyl benzoate

Benzyl salicylate
Butylphenylmethylpropional
Citronellol

Coumarin

Geraniol

Hexylcinnamal

Limonene

Linalool

»—»—\lm.l;\omoo—;u

~ W

Other allergens

Hydrolysed protein
Benzophenone-3
Benzophenone-4

Diazodinyl urea

Ethylhexyl methoxycinnamate
Todopropynyl butylcarbamate
Methylchloroisothiazolinone
Methylisothiazolinone
2-bromo-2-nitropropane-1,3-diol

S QSN O S )

Among the non-ionic surfactants, we also identified sugar
esters that are perfectly biodegradable. Decyl glucosides
are derivatives of glucose and fatty alcohols with between
eight and 16 carbon atoms (lauryl glucoside, coco gluco-
side, decyl glucoside, and caprylyl/capryl glucoside). We
found decyl glucoside particularly in “gentle” shampoos
sold in pharmacies (in five products). This surfactant is
currently considered a contact allergen [23-26]. The real
allergen could be an impurity as in the case of cocamido-
propyl betaine.

Although the cleansing bases all appeared similar, we
highlight a statistically significant difference in allergen
content between shampoos sold in pharmacies and else-
where. In any case, ingredients with sensitizing potential,
other than the substances listed in Annex X, should be
taken into account. In this regard, protein hydrolysates
were found in so-called “gentle” shampoos sold in phar-
macies and a baby shampoo sold in retail stores (table 3).
The latter, used as conditioners, are known for their
sensitizing properties and hence their sensitizing effect
[27-31]. The same goes for certain preservatives such as
DMDM hydantoin or isothiazolinones [32-34]. DMDM
hydantoin is a formaldehyde-releaser, hence its sensitiz-
ing effect [32, 35, 36]. Isothiazolinones (figure 16) are
a family of biocides known for their sensitizing proper-
ties since the late 1980s. Kathon® CG, for example, is a
mixture of methylchloroisothiazolinone and methylisoth-
iazolinone in a mass ratio of 3/1. Of the two molecules,
methylchloroisothiazolinone is the most prominent sensi-
tizer. It can be found in many products, especially cosmetics
and detergents, but also in paints, glues, efc. [32, 35, 37-43].
After the virtual disappearance of methylisothiazoli-
none and methylchloroisothiazolinone in the 1990s, we
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Figure 10. Box plots showing allergens found in “gentle” shampoos, shampoos for babies, and shampoos without any claim,

according to sales channel.

Table 5. Preservatives found in shampoos for babies and anti-dandruff shampoos.

Preservatives Shampoos Shampoos Anti-dandruff Anti-dandruff
for babies for babies shampoos shampoos
(pharmacy) (mass-market) (pharmacy) (mass-market)

Benzalkonium chloride 1 - - -

Benzoic acid 10 2 3 2
Cetrimonium chloride 2 2 - 1
Dehydroacetic acid 4 - - 1
Diazolidinyl urea - - -

DMDM hydantoin - - 2 2
Ethylparaben 6 - 8 -

Formic acid - 2 - -
Iodopropynyl carbamate - - 3 -
Phenoxyethanol 10 2 3 4
Potassium sorbate 7 5 2 2
Methylchloro isothiazolinone - 1 - 1

Methyl isothiazolinone 6 2 2 7
Methylparaben 3 - 4 1
Piroctone olamine 1 - 6 8
Propylparaben 2 - 4 1
Salicylic Acid 4 7 14 8

Sodium benzoate 18 13 8 13
Sodium salicylate 1 - - -

Sorbic acid 1 4 - -

Zinc pyrithione - - 3 -
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Figure 11. Box plot showing allergens found in “gentle”
shampoos, shampoos for babies, and shampoos without any
claim, sold in supermarkets.

discovered that they were again being used in cosmetics
following the controversy around parabens and the media
pressure that led to their removal from formulations [44].

Kathon® CG could even be described as an emerging aller-
gen [45]. We found that methylisothiazolinone is present in
many of the shampoos studied, even in those sold in phar-
macies. The regulation of this preservative listed in Annex
V has recently changed. Indeed, Annex V has been amended
in accordance with Regulation (EU) No. 2016/1198 of 22
July 2016; methylisothiazolinone is now no longer per-
mitted in leave-on products; it can, however, be used in
rinse-off products, at a concentration of up to 0.01% [46].
This situation is regrettable to the extent that it is known
that allergic reactions can occur when rinse-off products
are used. Lastly, iodopropynyl butylcarbamate (figure 17)
was found in three shampoos sold exclusively in pharma-
cies. Due to its fungicidal and bactericidal properties, it
is used as a preservative in cosmetics and other industrial
products, such as wood varnish [47, 48]. It was identified
as a contact allergen about 30 years ago but is still used and
found in cosmetics [47, 49-51].

Phenoxyethanol, sodium benzoate, and potassium sorbate
were very common preservatives found in the shampoos
studied (tables 5, 6) and are common in cosmetics in
general, as reported by other authors [52]. Unlike those
mentioned above, they do not pose any particular hazard.
The real difference that we noticed between shampoos sold
in pharmacies and those sold in retail stores is the number
of allergens from the list of 26 under Regulation (EC) No.
1223/2009. Howeyver, there are substances not on that list
that can cause allergies, as we have seen with preservatives.
There are other ingredients that may be involved in caus-
ing eczema or contact urticaria. We also identified protein
hydrolysates and UV filters, such as benzophenones (tables
3, 4).

The protein hydrolysates are mostly from wheat pro-
teins. Of “gentle” shampoos, 28.5% sold in retail stores,
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Figure 12. Box plots showing preservatives found in “gentle” shampoos (A), shampoos for babies (B), and anti-dandruff

shampoos (C), according to sales channel.
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compared to 18.5% of those sold in pharmacies, contained
a protein hydrolysate. This goes to show that the term “gen-
tle” does not refer to anything significant, neither in terms
of the cleansing base nor allergenic properties. Indeed, the
sensitizing potential of protein hydrolysates used as condi-
tioners in shampoos has long been known [53-56]. Annex
IIT of Regulation (EC) No. 1223/2009 has been amended
in accordance with Regulation (EU) No. 2017/2228 of 4th
December 2017, published in the Official Journal of the
European Union on 5% December, to limit the average
molecular weight of peptides in hydrolysed wheat protein
in cosmetic products [57]. The benzophenones found in the
products studied were benzophenone-4 and benzophenone-
3 (oxybenzone). These molecules are clearly identified as
causes of contact dermatitis, photocontact dermatitis, pho-
tocontact urticaria, and anaphylaxis [58-61].

Allergies resulting from the use of shampoos can therefore
be due to various ingredients, even if they are primarily
preservatives such as methylisothiazolinone alone or mixed
with methylchloroisothiazolinone, formaldehyde releasers
or iodopropynyl butylcarbamate which have been identi-
fied as the main culprits [62]. Moving on to anti-dandruff
shampoos, we found that there were many more differ-
ent anti-dandruff agents in shampoos sold in pharmacies.
When dandruff is caused by the proliferation of yeasts
of the Malassezia genus, it makes sense to use sham-
poos with fungicidal agents as part of the formulation
[63-67]. Regardless of whether products were sold in phar-
macies or retail stores, the most common active ingredients
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Figure 13. Box plots showing the number of preservatives
in “gentle” shampoos, shampoos for babies, and shampoos
without any claim sold in supermarkets.
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Table 6. Preservatives found in shampoos without any partic-
ular claim.

Preservatives Number of
shampoos with
identified
preservative

Benzoic acid 2

2-Bromo-2-nitropropane-1,3-diol 1

Cetrimonium chloride 5

Dehydroacetic acid 3

DMDM hydantoin -

Formic acid 4

Todopropynyl carbamate 1

Phenoxyethanol 5

Potassium sorbate 10

Methylchloroisothiazolinone 4

Methylisothiazolinone 5

Methylparaben 1

Salicylic Acid 9

Sodium benzoate 25

Sodium salicylate 1

Sodium sulphite 1

were piroctone olamine, zinc pyrithione, and salicylic acid
(table 7).

The greatest diversity of anti-dandruff active ingredients
was found in shampoos sold in pharmacies. However,
there were differences in terms of cutaneous tolerance. We
will first focus on piroctone olamine and zinc pyrithione
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Figure 14. Box plots showing the number of active agents in
anti-dandruff shampoos, according to sales channel.
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Table 7. Anti-dandruff agents found in shampoos.

Active ingredient Anti-dandruff Anti-dandruff Anti-dandruff
shampoos shampoos shampoos
(pharmacy) (mass-market) (mail-order retailers)

Climbazole 2 1 -

Ciclopirox olamine 1 - -

Juniperus oxycedrus extract 3 - 1

Miconazole nitrate 1 - -

Myrtus communis extract 1 -

Piroctone olamine 6 8 2

Salicylic acid 14 8

Selenium sulphide 2 - -

Serenoa serrulata extract 1 - -

Sodium shale oil sulfonate 2 - -

Tropaeolum majus extract 1 - -

Undecylenic acid 1 - -

Zinc pyrithione 3 8 -

(0}
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Figure 15. Chemical formula of cocamide MEA.

Figure 16. Chemical formula of isothiazolinone.
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Figure 17. Chemical formula of iodopropynyl butylcarba-
mate.

(figure 18), two molecules with antifungal properties widely
used as anti-dandruff agents.

Zinc pyrithione, acting on the hair infundibulum, has a
dual mode of action. It interferes with the proton pump
of microorganism membranes and also exhibits its own
cytotoxic effect as cell turnover is known to be greatly
accelerated in the presence of dandruff [68-72]. A number
of studies have reported increased efficacy when combined
with climbazole, an antifungal azole also used to treat dan-
druff [73-76]. Its irritating effect and sensitizing potential
[77-82] should encourage the use of other molecules, how-
ever, the alternative is not necessarily climbazole as this is
an azole derivative (figure 19).
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D
N
0 N/
©/ CH,
Cl (0]

H;C  CH,

Figure 19. Chemical formula of climbazole.

At concentrations of up to 2% in shampoos, climbazole is
able to significantly reduce Malassezia on the scalp of a per-
son suffering from dandruff by inhibiting C-14 demethylase
[83-85]. Its mode of action is similar to that of other azole
antifungals. While it is neither mutagenic nor carcinogenic,
it should be used frugally in cosmetics in order to prevent
the development of resistance [86, 87]. Of the shampoos
studied, only two sold in pharmacies and one sold in retail
stores contained this product. We found very limited use of
miconazole nitrate (one shampoo sold in pharmacies). At
a concentration of 2%, it seems to be as effective as keto-
conazole, used at the same concentration [88]. This is the
active ingredient in Daktarin® and is not regulated at all for
use in cosmetics, and one can only recommend the same
caution as with climbazole.



On the other hand, piroctone olamine appears to be the most
interesting molecule as it has been proven superior in terms
of effectiveness and user safety [89-91].

Ichthyol, cade oil, and various plant extracts were also found
in the shampoos studied that were sold in pharmacies. In
the past, tars were used to treat squamous conditions, but
coal tars were banned by Directive 2004/93/EC as their use
in shampoos was found to be carcinogenic [90-97]. How-
ever, tars obtained from bituminous rock such as ichthyol
and vegetable tars such as cade oil (that we rarely found
in shampoos; see fable 8) can still be used. Ichthyol or
ichthyolammonium (INCI sodium shale oil sulfonate) is a
sedimentary tar derived from the dry distillation of bitu-
minous or shale rock, resulting from the decomposition of
animal matter such as fish. The European Pharmacopoeia
defines it as “a tar of viscous consistency, of black-brown
colour, with a characteristic pungent odour”. There are
very few studies on its composition. About 100 aromatic
compounds including alkylbenzene, alkylnaphthalene, and
alkylanthracene have been identified [98]. The lack of infor-
mation accounts for the sporadic use of this substance. The
situation is fairly similar for cade oil and the limited data
available are insufficient to determine its safety in cosmetics
[99].

In contrast, the effectiveness of plant extracts has been more
or less documented. The antimicrobial effect of nasturtium
leaf extract is most likely attributable to the high levels of
glucosinolate glucotropaeolin found [100]. There are no
data on the possible adverse effects of shampoos contain-
ing this substance. Hence, our knowledge of the effect of
nasturtium in shampoos for oily hair and in anti-dandruff
shampoos is mainly due to practical experience rather than
scientific experimentation. This is not the case for myrtle
extract. There is a fair amount of documentation on the
bioactive molecules found in this plant. 1,8-cineole (euca-
lyptol), a-pinene, myrtenyl acetate, limonene, linalool,
and a-terpinolene are considered to be the compounds
responsible for the biological activity observed, particularly
antimicrobial activity [101-104]. One can easily assume
that the risk of allergy must be considered [105]. The third
most common extract found in one shampoo sold in phar-
macies was Sabal serrulata. The only documented use
of this extract is in cases of benign prostatic hyperplasia
with hypothetical activity [105-108]. Selenium disulphide
(SeS») should be studied separately. From a regulatory point
of view, selenium is prohibited in cosmetic products, except
for one of its salts, disulphide, which can be used at a
concentration of up to 1% in anti-dandruff shampoos in
accordance with Regulation (EC) No. 1223/2009. Higher
concentrations can be found in shampoos which are con-
sidered medicinal. This is the case for the product called
“Selsun” with a 2.5% concentration of selenium disulphide.
We only found this in two shampoos sold in pharmacies
under the brand name “Dercos”. Regarding effectiveness,
a dose of 1% appears to be sufficient. However, we were
encouraged by the fact that few products were shown to
contain selenium disulphide in our study, given its toxic
effect. This ingredient is likely to cause telogen effluvium
and hair discolouration when used in shampoo. Moreover,
it is probably carcinogenic [109-114].

To continue our study of active ingredients found in sham-
poos, we intend to investigate salicylic acid. Dandruff can be
caused by two very different clinical conditions. In one, dan-
druff spontaneously falls from the scalp and this is referred
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to as “pytiriasis capitis simplex”; in the other, dandruff
adheres to the scalp and this is referred to as “pytiriasis
capitis steatoides” [115]. Salicylic acid is the active ingre-
dient of choice in these two cases due to its keratolytic,
bacteriostatic, and fungicidal properties [116]. Indeed, we
found salicylic acid in 14 shampoos sold in pharmacies and
eight sold in retail stores. In Europe, this ingredient is regu-
lated; it is one of the authorised preservatives at a maximum
concentration of 0.5% and can also be used for other pur-
poses in rinse-off hair products at a concentration of up to
3%. When concentrations of 20 to 30% are required for a
peeling effect [117], its use at a dose of 3% and in com-
bination with another active ingredient, such as ciclopirox
olamine, has been shown to be of interest for the treatment
of oily dandruff [118]. B
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