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• A biomimetic, multi-substituted, phosphate-
based mineral compound was tested for its 
ability to control underarm sweat.

• The material reduced the amount of sweat 
produced via absorption, likely due to ionic 
species in its structure. This offers an 
alternative deodorant active to aluminum.
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containing aluminum-based salts 
such as chloride or chlorohydrate, 

and aluminum/zirconium chlorohydrate 
complexes with glycine, propylene glycol 
or polyethylene glycol. These are traditionally 
used to reduce sweating and odor formation as 
well as to provide some deodorant activity due 
to their antimicrobial efficacy—with the help of 
long-lasting perfumes.
   Recently, concerns over the environmental impact 
of aluminum salts2 as well as health3 and skin irrita-
tion concerns have been expressed. The latter is due 
to the release of hydrochloric acid from chlorine-

based aluminum compounds, and the deep 
alteration of the axillary...  

Sweat components 
consist mainly of an 
aqueous solution of ions: 
sodium, potassium, calcium 
chloride, lactate, bicarbon-
ate and organic molecules 

like urea, amino acids, oligo saccharides and peptides. At the 
moment of its release from sweat glands, sweat is an odor-
less liquid, but metabolism by cutaneous bacteria quickly 
transforms some of its components, e.g., leucine, into a series 
of volatile substances, e.g., isovaleric acid, that are responsible 

for malodor.1 As such, excessive axillary sweating and 
unpleasant underarm odor production represent a seri-

ous discomfort in hot climates.
Most existing tools for perspiration control 

are personal care products  
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microbiome induced by their continuous use. 
As such, the industry has moved to eliminate 
soluble aluminum from antiperspirants.4, 5

Effective as antiperspirants, aluminum salts, 
when dissolved by sweat, act by diffusing into 
the ducts of eccrine sweat glands, where the 
trivalent aluminum ions react with hydroxide 
ions and entities such as proteins and produce 
insoluble and bulky aluminum hydroxide spe-
cies. These species are responsible for the in situ 
plug formation that serves to block ducts. 

Traditional aluminum chloride-based salts 
induce the formation of deep plugs in the 
eccrine sweat glands, which provides lasting 
effects until the gland’s functionality recovers. 
However, during this process, a significant 
amount of hydrochloric acid (HCl) is progres-
sively released, which can cause skin irritation 
accompanied by stinging, burning and ery-
thema. Partially neutralized aluminum salts 
as aluminum/zirconium chlorohydrate glycine 
complexes produce a lower amount of HCl and 
cause a more superficial blockage than AlCl

3 or 
ACH, accompanied by reduced skin irritation 
phenomena.6, 7 However, even less irritating, 
a biomimetic hydroxyapatite was found to 
effectively absorb sweat rather than block its 
production and without releasing HCl, as it 
contains no chlorine.

Biomimetic Hydroxyapatite
The term biomimetic, as used here, refers 

to synthetic materials, substances, devices or 
systems that imitate nature. Indeed, our bones 
and teeth are mainly made of mineral structures 
belonging to the group of hydroxyapatites (HA)—
complex hydroxyl-phosphates with calcium 
ions as their principal cation. Biological HA is 
a phosphate-based mineral, non-stoichiometric 
according to the ideal formula of hydroxyapa-
tites: Ca

10(PO4)6(OH)2, with a typical Ca/P molar 
ratio of 1.67. 

Within the specific parameters of the hydroxy-
apatite mineral lattice, Ca2+ can be substituted 
by other ions such as Zn2+, Mg2+, Na+ and K+, 
while the phosphate and hydroxyl anions can be 
replaced by fluoride, chloride or carbonate. This 
happens with some deformation of the crystalline 
lattice, as hydroxyapatite works as a sort of min-
eral “sponge,” capable of adsorbing ionic or polar 
species in general according to the composition 
of its environment.

Calcium-deficient (non-stoichiometric) HA 
has both cation (Ca2+) and anion (OH–) vacan-
cies, and a Ca/P ratio of between 1.67 and 1.5. 
Interestingly, carbonated calcium-deficient HA 
is the main mineral constituent of mature dental 
enamel (95% w/w) and dentine (75% w/w), and 
up to 70% w/w of human bones is composed 
by “bone apatite”; i.e., multi ions-substituted 
carbonated HA. Such biogenic HA exhibits a 
crystal lattice composition with a low degree 
of crystallinity, rough surface, high hydration 
state and high degradability. Ions-substitution 
can influence its stability, crystallinity degree, 
crystal size and morphology, thus affecting the 
absorption of the biological medium.8, 9 In other 
words, biogenic hydroxyapatite has the special 
property of easily adsorbing external molecules 
in its structure.

The biomimetic hydroxyapatite was found to 
effectively absorb sweat without irritation 

and while improving skin wellness 
and homeostasis.

The global antiperspirants and deodorants 
market is expected to reach US $70 billion by 
2024, with a projected CAGR of 3.5% from 
2019 to 2024.

Source: Market Research Future, 
part of WantStats Research and 
Media Pvt. Ltd.
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HA has been reported to act as an adsorbent 
for toxic inorganic ions from aqueous media 
through an exchange reaction with Ca2+ or PO4

3- 
in the HA structure. Moreover, when prepared 
under a biomimetic condition, it is capable of 
capturing malodorous organic and inorganic 
compounds. In particular, the replacement of 
calcium in HA by divalent cations such as Zn2+ 
increases its malodorous gas-adsorbing features. 

In detail, zinc ion, inserted in the HA com-
plex, works as a middle force Lewis acid, which 
is able to interact with malodorous substances 
such as NH3 (hard Lewis base) and H2S (soft 
Lewis base), contributing to a significant adsorp-
tion of both through its electrophilic nature. 
Along with these adsorbing features, substituted 
HA shows decreased particle size, together with 
a high specific surface area and high content of 
adsorbed water. The low crystallinity index and 
the rough surface improve HA biocompatibility, 
while the abundant hydration layer is responsible 
for good adsorption properties and ion activ-
ity.10 For these reasons, biomimetic apatites are 
already being used as in vivo delivery systems for 
drugs, proteins and genes.

Hypothesis: Biomimetic 
Apatite for Sweat Control

Considering the described properties of HA 
and the biochemistry of sweat, the development 
of a new perspiration trigger and deodorizing 
system based on modified hydroxyapatite (HA) 
structures was hypothesized. This led to the 
study of a specific biomimetic active form of 
this material, described here.

An active based on biomimetic calcium HA, 
functionalized with a specific series of different 
ions, i.e., zinc and magnesium, was developeda 
as a white suspension, with a pH between 6 
and 8. The calcium/zinc/magnesium HA blend 
also contains zinc PCA, which works in synergy 
to develop astringent, deodorizing and bacterio-
static activities. Its efficacy in sweat control was 
assessed through in vivo gravimetric hot room 
testing, described in the next section. 

Calcium phosphates such as biomimetic HA 
demonstrate pH-dependent activity; i.e., they are 
increasingly active as the pH decreases below 
6.0—a property offering great advantages for 

a Deo AP (INCI: Calcium/Magnesium/Zinc Hydroxyapatite (and) 
Clay Minerals (and) Zinc PCA) is a product of Kalichem.
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with the most recent recommendations of the 
World Medical Association Declaration of Helsinki  
following the U.S. Food and Drug Administration’s 
(FDA’s) “Guidelines for Effectiveness Testing of 
OTC Antiperspirant Drug Products.”

The efficacy study was performed in 16 healthy 
female and male subjects, ages 18 to 65 years. 
Only those volunteers who produced underarm 
perspiration levels from normal to high were 
included in the study; i.e., subjects must have 
produced at least 100 mg of sweat from the 
placebo-treated armpit during the 20-min collec-
tion period. The difference between the highest 
and lowest rates of sweating among the test sub-
jects exceeded 600 mg/20 min per armpit, where 
the sweating rate calculated took into account the 
amount of sweat collected from the control armpit 
during the treatment.

After a clearance period of 17 days, during 
which subjects refrained from applying any anti-
perspirants or deodorants, they applied both test 
and placebo formulations once daily for four days. 
Half of the subjects applied the test o/w emulsion 
under the left armpit and the placebo emulsion 
under the right armpit, and the other half applied 
the formulations oppositely.

In line with consumer habits, subjects applied 
300 mg of each formulation (± 10%). Then, 24 hr 
and 48 hr after the last daily treatment, subjects 
were placed in a temperature-controlled room 
(40°C, RH 30-40%) for a 40-min warm-up period 
to induce increased perspiration. Following this, 
pre-weighed absorbent pads were placed onto 
both armpits of each subject, leaving them in the 
controlled room for an additional 20-min collec-
tion period. Sweat was measured by weighing the 
absorbent pads again, at the end of the collection 

delivery/release. Calcium/zinc/magnesium HA gradu-
ally activates at the typical pH values of sweat, i.e., 
4.0-6.0,12 and induces the modulated adsorption of 
sweat components and their odoriferous by-products 
with a lasting sweat control and deodorizing effect. 

Previously, an in vivo test in 10 female subjects, 
ages 40-70, showed the calcium/zinc/magnesium 
HA system improved skin barrier functioning and 
restored the skin’s hydro-lipidic film. Moreover, it 
reduced skin roughness by 9.5% and increased skin 
elasticity by 10.3% after four weeks of application 
twice daily, in a half face vs. placebo test.13 

Materials and Methods
As stated, the sweat control activity of a test 

formulation containing the calcium/zinc/
magnesium HA blend at 20% was 

evaluated using an in vivo gravi-
metric test, which allows for the 
experimental determination of a 

product’s ability 
to reduce the 

amount of 
underarm 
sweat pro-
duced.14 The 
study was 

carried out in 
compliance 

Safer Sweat Control

Zinc PCA works with the 
calcium/zinc/magnesium 

HA blend to develop 
astringent, deodorizing 

and bacteriostatic 
activities.
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period. No volunteer withdrew from the study and 
no deviations occurred during testing.

A hypothesis that a reduction in the collected 
sweat amount could exceed 20%, per FDA guide-
lines and IFSCC Monograph No. 6, was tested 
statistically using the Wilcoxon signed-rank test, a 
non-parametric statistical hypothesis test used in 
place of the student’s t-test for populations without 
normal distribution, and where n < 50. In statistical 
terms, this test is of the null hypothesis: the null 
against a one-sided alternative at a 
predetermined level of significance, 
usually considered 0.05. Rejection of 
the null hypothesis at a significance 
level of 0.05 justifies the conclusion 
that at least 50% of the target popula-
tion would obtain a sweat reduction 
of at least 20%. Thus, an error could 
occur in no more than 5% of the 
cases, in which the sweat reduction 
did not exceed 20%.

Results
The average amount of sweat collected from 

test formulation-treated and placebo formulation-
treated armpits of 16 volunteers was calculated in 
terms of grams of sweat at 24 hr and 48 hr after 
the last daily treatment. Results are summarized in 
Table 1 and represented in Figure 1. Mean percent 
variations in sweating measured in the armpits 
treated with the test formulation versus the placebo 
at 24 hr and 48 hr after the last 
daily treatment are shown in 
Table 2. 

Twenty four hours after 
the last application, the mean 
amount of sweat collected from 
the test formulation-treated 
armpits was lower by a mean 
value of 35.5%, compared with 
the mean amount of sweat col-
lected from the placebo-treated 
armpits. Statistical analysis 
performed with the Wilcoxon 
signed-rank test demonstrated 
the sweat control efficacy of the 
test formulation after 24 hr and 
according to FDA guidelines. 
This positive result is attributed 
to the reduction in sweating 
having exceeded 20% in at 
least 50% of the target popula-
tion (p < 0.05). After 48 hr, the 

mean amount of sweat collected from the test 
formulation-treated armpits resulted in a lower 
mean value of 30.5%, compared with the placebo 
treatment. However, even in this case, statistical 
analysis confirmed the sweat control efficacy of 
the test formulation at 48 hr, again according 
to FDA guidelines, since the reduction in sweat-
ing exceeded 20% in at least 50% of the target 
population (p < 0.05). 
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Figure 1. Gravimetric test; reduction in mean 
underarm sweating at 24 hr and 48 hr after the last 
application of the test formulation vs. placebo

Table 1. Mean Collected Sweat Amounts (in g)

TIME Test Formulation Placebo Formulation

t = 24 hr 0.302 0.528

t = 48 hr 0.501 0.790

Table 2. Mean Percentage of Sweat 
Production of Test Formula-treated vs. 
Placebo-treated Armpits

t = 24 hr -35.5*

t = 48 hr -30.5*

*p values are statistically significant
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Discussion
The functionality of biomimetic ions-

substituted HA was statistically significant and 
comparable to that of traditional antiperspirants 
based on chlorides and chlorohydrates. For 
example, according to IFSCC Monograph No. 6, 
typical antiperspirant efficacy for aluminum salts 
ranges from 20% to 60%. Treatments that provide 
an antiperspirant efficacy of 30-40% are considered 
optimal to avoid excessive blockage of perspiration 
and subsequent damage to the sweat gland.

However, as stated, unlike traditional anti-
perspirants, the calcium/zinc/magnesium HA 
blend releases neither hydrochloric acid nor other 
irritating substances or high amounts of aluminum 
on the skin. In fact, the safety of the ingredient 
was proven on skin to be not only non-irritating, 
but also to improve skin wellness and homeostasis 
(data not shown).

In fact, the achievement of optimal sweat con-
trol does not necessarily require the formation of 
a deep plug in the sweat duct.6 Thus, while it does 
not affect the physiological perspiration process, 
it still significantly reduces the amount of sweat in 
the armpit. Hypothetically, this is due to the unique 
adsorption properties and activity of the zinc ions.

Moreover, as noted, the addition of zinc PCA 
worked in synergy with the biomimetic HA, exert-
ing an astringent and deodorizing effect. It is also 
bacteriostatic rather than bactericidal, so it does 
not destroy the constitutive bacterial layer form-
ing the microbiota. Instead, it slows the bacterial 
metabolism that causes malodors.

Additional technological benefits are related to 
the chemical nature of multi-substituted hydroxy-
apatite. Its behavior in emulsions or aqueous 
solutions does not imply the strict adoption of 
extreme acid pH levels in the vehicle, contrary to 
some of the common antiperspirants currently 
used. This therefore promotes the possibility of 
formulating deodorant products with a neutral or 
slightly acidic pH. 

Conclusions
Hydroxyapatite and zinc PCA are ingredients 

commonly used for skin care applications and their 
safety profile is well-assessed. Their inclusion the 
new deodorant blend discussed here offers a safe, 
gentle and nature-inspired alternative to aluminum 
chloride/chlorohydrate salts, and acts as an effec-
tive deodorant and sweat control agent. 

This sweat-reduction efficacy was proven as 
described here, via an in vivo gravimetric hot room 

test comparing the test formulation (active at 
20%) with the placebo formula. Results indicated 
significant positive effects at both 24 hr and 48 hr 
after the last application. 

The material exerts its activity by adsorbing 
moderate to heavy sweating without producing 
skin irritation. In the end, it offers a simple deodor-
ant alternative to aluminum that can even simplify 
formulas—since formulas based on apatite need 
not withstand acidic pH conditions. 
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