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NANOCRYSTAL CALCIUM PHOSPHATIC MATERIALS INTENDED FOR USE IN
THE QUALITY OF FILTERS FOR PROTECTION FROM ULTRAVIOLET
RADIATION

The prospects article considers materials used as inorganic filters in sunscreens and moisturizers existing on
the market, lipsticks and powders. The possibility of using synthetic nanocrystalline materials of calcium phosphate
composition in cosmetic sun protection products for replacing inorganic filters of titanium dioxide and zinc oxide,
traditionally used as filters for ultraviolet radiation, has been determined. It has been shown that ecological pure
synthetic nanocrystalline Ca;o(PO,)s(OH), powders can be obtained using the methods of “green chemistry” from
solutions of Ca(OH), and H3(POy), grades of “chemically pure” and “analytically pure” The optimal ratios of the
initial components and heat treatment regimes are determined, which ensure the production of a powder with a
crystal size of 25 — 50 nm at a Ca/P ratio of 1,67. In the heat treatment of powders (after aging) a coarse-grained
crystalline structure is formed, the particle size rises to 75 nm. The skin-irritating and skin-resorptive properties of
the developed materials were studied on warm-blooded animals — guinea pigs of the light mask and white
laboratory rats on the change in the intensity of biochemiluminescence of whole animal blood and on the changes in
the biochemical parameters of blood serum constants of experimental and control animals. When carrying out a full
complex of toxicological and hygienic tests in vivo, it is established that the obtained materials do not possess skin-

rending properties and are biocompatible with the tissues of the bodly.
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resorbing properties.

Entrance.
Analysis of the recent research and
publications

In recent years there has been a tendency for the
introduction of innovative technologies and modern
functional materials developed for restorative surgery,
cosmetology and dermatology [1 — 3]. Here they are
used as ingredients of various creams, moisturizers,
powder and toothpastes. Today nanomaterials are used
in many cosmetic products, including nanocrystals in
sunscreens and moisturizers, special toothpastes,
powders, lipsticks and oral care products. According to
the European Commission, more than 10 % of cosmetic
products contain nanoparticles [4 — 7].

Nanotechnology is becoming the determining
factor in the development of aesthetic cosmetology and
dermatology.

In cosmetic medicine today there are two main
directions of using nanotechnology. The first is the
application of nanoparticles as UV filters, the second is
the targeted delivery of cosmetic products [8 — 12].
Over the past 20 years, the views on the influence of the
Sun on human health have changed greatly. Now the
pronounced tan is no longer considered a sign of good
health or life's success. The growth of oncological

titanium dioxide, inorganic filters, skin irritant, skin-

diseases made doctors recommend to the population to
protect the skin from the aggressive effects of excess
ultraviolet radiation by means containing UV filters.
These are blocking substances containing light-
protective substances in the form of fine-grained
inorganic or organic particles. The need for such tools is
great. The volume of the market of cosmetics and the
whole post-Soviet space is significant. Today, its
saturation is less than 20 %, and a steady growth of
10 % per year is expected.

At present, the number of people using sunscreens
is increasing, but the incidence of skin cancer also
increases. The statistics of oncological skin diseases in
the world are plagued: on the first place is the countries
with white population and developed beach tourism. It
is because 2 / 3 of sunscreens contain potentially
harmful ingredients.

All sunscreens contain UV sorbents — substances
that reduce the amount of ultraviolet radiation that
affects the skin.

For UV protection, nanoparticles of 300 nm
(Rohm and Haas) styrene and acrylate copolymers, SiO,
nanoparticles and benzoyl peroxide nanoparticles in
SiO, coatings (“Sol-gel-Technologies™), other organic
filters of the new generation (“Ciba Specialty”) are used
for protection against ultraviolet radiation.
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But most often for these purposes, inorganic
particles ZnO and TiO, are used. While earlier UV-
sorbents contained large insoluble particles of these
compounds, giving a white effect on the surface of the
skin, today many manufacturers switch from their use to
nanoparticles ZnO and TiO,. This makes the product
more transparent, less slippery and avoids whitening of
the skin, especially when TiO, is used. But now when
transitioning to nanometer range, nanoparticles ZnO and
TiO, are quickly absorbed and can penetrate into the
upper layers of the skin. And since both of these
compounds are foreign to the organism, their use raises
a well-founded fear. In connection with this, it is
promising to use nanocrystalline calcium phosphate
materials of apatite composition similar to the
composition of the bone tissue, as filters of UV
radiation [2, 3]. The peculiarity of these materials is the
presence of both themselves and their metabolites in the
human body, as well as high biocompatibility with
living tissues [13].

Cayo(PO4)s(OH), is also promising as a filler,
stabilizer and emulsifier for many cosmetic products,
and in particular, components of powder, lipsticks and
creams that improve the structure of the skin (which it
compresses and restores). Synthetic hydroxylapatite
under laboratory conditions is obtained by chemical
methods: from solutions, solid-phase and hydrothermal.
In practice, large amounts of Ca;o(PO,)s(OH), are more
expedient and economical to obtain from solutions. But
the use of nitrates for this purpose leads to
contamination of the final product, requires additional
technological treatment methods with not always
guaranteed result. For all dissolved methods, a variety
of variable factors (reaction temperature, concentration
of starting materials, pH of the solution, duration of the
process, order and speed of mixing, aging time, etc.) are
characteristic. This impedes the stable reproducibility of
the results [14] and often results in the production of
powders with different specific surface, size and
agglomeration of crystals, morphology, stoichiometry
and degree of crystallinity (i.e. leads to the production
of ceramic materials with unsatisfactory properties). In
addition, when using many of the dissolved methods
(especially when leaving laboratory volumes),
significant volumes of waste are produced in the form
of chemically aggressive solutions, which is not
environmentally friendly. At the same time, practically
all solvent methods are too laborious and expensive.

As for numerous publications and patents devoted
to the methods of obtaining hydroxylapatite in ceramics,
their developers prefer not to specify the technical
features and technological subtleties of its receipt (this
is known as “know-how” applicants). Publications are
reduced, at best, to a superficial description, and at
worst — to the banal advertisement of their products. In

most cases, this makes it impossible to reproduce the
technology, as well as to compare the claimed materials.

In this regard, it seems promising to obtain the
environmentally safe nano-sized Cajg(PO,)e(OH),
powders by “green chemistry” methods intended to
replace ZnO and TiO, based ultraviolet filters as
sunscreens.

Problem statement

It is known that the effectiveness of
hydroxylapatite Ca;o(PO,)s(OH), when it is used as a
light protective filter in cosmetics more than 9 %
exceeds the efficiency of the use of traditionally fine
particles ZnO and TiO, for these purposes.

The structure of GA allows different kinds of
substitution of some elements by others. For example,
when replacing hydroxyl groups, the OH-ions of
fluorine F-have a stabilizing effect on the structure of
the material and, with complete substitution, the
solubility decreases by an order of magnitude [15].
Thus, the use of fluorapatite supplements should
improve its stability in contact with the chemically
aggressive environment of the organism (due to the F-
ions).

The nanocrycrystalline hydroxyapatite synthesized
by us, intended for use in surgery of the skeleton by the
methods previously given [1], is a synthetic analogue of
the mineral component of bone tissue. It is able to
regulate the metabolism of calcium and phosphorus in
the body. Its main mineral is Cajo(PO,)s(OH),, the Ca/P
ratio is stoichiometric and equal 1,67. In its structure it
is crystalline with the particle size in the nanometer
range.

It should be noted that the potential risk of
intravenous use of sols based on nano-dispersed
powders of hydroxyl-apatite (as fillers to replenish lost
muscle tissue) does not extend to the use of these
materials in cosmetic sunscreens, since particles of
Cayg(PO,)s(OH), in deep layers of the skin and blood
flow do not penetrate.

The study of the effect of materials on the skin and
mucous membranes is mandatory in the conduct of
sanitary toxicological studies of chemicals, preparations
and cosmetic materials. It has a definite significance in
connection with the diverse nature of the local action of
substances when used in both the various fields of
medicine and cosmetology.

The purpose of this work is to conduct a study on
obtaining green chemistry of environmentally friendly
nano-sized Ca;o(PO4)s(OH), powders potentially
suitable for use as UV filters in the composition of
sunscreens and studying their properties. To achieve the
goal, the following tasks had to be solved:

To synthesize environmentally friendly nano-sized
Cayg(PO,)s(OH), and Ca;o(PO4)sF, powders, to study
their microstructure and properties:
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1. Determine the content of the
components.

2. Determine whether the obtained materials have
skin-resorptive properties.

3. Determine whether the resulting materials have
an irritant effect on the skin and mucous membranes.

4. To conduct a full complex of toxicological and
hygienic tests of developed materials on warm-blooded

animals.

optimal

Experimental part

In the work, the following reagents were used:
erythophosphoric acid H;PO,, CaF,, Ca(OH), of the
marks of “chemically pure” and “analytically pure”.
Cayp(PO4)s(OH), was prepared from solutions of
Ca(OH), and H3POy, in distilled water by mixing them
for 8 hours and holding them for 170 hours at room
temperature for aging, ensuring the ratio of Ca ions and
phosphate ions in solution n(Ca,")/m(PO,) = 1,67. The
product ob-tained was filtered and the precipitate was
dried at 80 °C. For the synthesis of Cajg(PO,)sF2,
Caz(PO,4), was presynthesized (by treating the tableted
blends at a temperature of 1150 — 1250 °C with
annealing for 2 hours and intermediate chopping with a
multistage climb temperature at a rate of 120 — 150 °C
per hour). The fluorapatite Ca;o(PO4)eF, was
synthesized from CaF, and Caz(PO,)2 by firing in the
temperature range 1200 — 1250 °C with annealing for 3
hours followed by grinding. The resulting fluorapatite
was then milled in a ball mill to particles of the required
size.

The firing was carried out in a chamber furnace in
an airy atmosphere in corundum crucibles. Temperature
control was carried out using platinum-rhodium
thermocouples PPR-10rh, 90-Pt. To deter-mine the
optimal, we selected various component ratios.

According to the analyzes, nano-crycrystalline
hydroxyapatite synthesized by us, intended for use in
surgery of the skeleton [18], is a synthetic analogue of
the mineral component of bone tissue. It is able to
regulate the metabolism of calcium and phosphorus in
the body. Its main mineral is Cajo(PO4)e(OH),, the
Ca / P ratio is stoichiometric and equal 1,67. According
to its structure, it is crystalline with a particle size in the
nanometer range: from 25 to 50 nm, with a degree of
crystallinity over 96 %, a mass fraction of calcium of
40,82 %, and a mass fraction of phosphorus of 15,8 %.
In the heat treatment of powders (after aging) a coarse-
grained crystalline structure is formed, the particle size
rises to 75 nm.

X-ray diffraction analysis was carried out on a
diffractometer on the DRON-2.0 installation using the
standard procedure. X-ray of samples of drugs showed
that all reflections on the X-ray images correspond to
pure Cayo(PO,)s(OH), and Caio(PO4)eF,, wWhich were
identified by comparison with the ASTM data.

Chemical interaction between them does not occur and
new chemical compounds do not appear. Synthesized
hydroxyapatite and fluorapatite practically do not
contain impurities of other calcium phosphates
(CayP,04, Caz(PO,), and etc.), as well as heavy metals.

The microstructure of the obtained materials in
their synthesis process was investigated using Carl Zeiss
scanning electron microscope, Germany. In the pictures
1 and 2 are shown the electron microscopic photos of
the microstructure of nanocrystalline powders of
Cayg(PO,)s(OH), after 1 and 5 days of aging.

In the picture 3 is shown the electron microscopic
photo of the microstructure of nanocrystalline powders
of Cayp(PO4)s(OH),. after drying at 80°C.

Pic. 1. Electron microscopic photograph of the
Cayo(PO4)s(OH), microstructure after aging for 1 day,
(< 70000)

-

Pic. 2. Electron microscopic photograph of the
Cayg(PO,)s(OH), microstructure after aging for 3 day,
(x 49000).

The significant influence of the temperature of
synthesis on the morphology (from needle to spherical)
crystallizing particles of nanocrystalline powders has
been established.
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The study of the irritant action on mucous
membranes of materials that are based on
hydroxylapatite was performed on guinea pigs.
Extracting materials after2 hours of boiling in water and
the clean powders themselves in dilution with sunflower
oil in a ratio of 1 : 2 were studied, which in the amount
of 2 to 3 drops were introduced into the conjunctive sac
of the right eye of the guinea pig.

The left eye served as a control. After instillation,
the animals remained calm, there was a slight
lacrimation. Injection of wvessels of sclera and
conjunctiva was practically absent.

Pic. 3. Electron microscopic photograph of
microstructure of nanocrystalline Ca;o(PO4)s(OH),
powder after drying at 80 °C, (x 28500).

This made it possible to conclude that the
hydroxyapatite based material does not exert an
irritating effect on the mucous membranes of the eye.

The skin-irritating properties of the developed
materials were studied for two weeks on warm-blooded
animals — guinea pigs of light weight. For this, wool on
a 5 x 5 cm area was removed on both sides of the
guinea pig. On the right side, wet applications of the
investigated materials were applied in the amount of
200 — 300 mg, and on the left, which served as control,
tap water. An estimate of skin-irritant action was carried
out in the points on Alekseyeva O. G. [16]. About skin-
resorptive action was judged by the change in the
intensity of bio-chemiluminescence of whole blood of
animals and by alteration of biochemical constants of
serum of blood of experimental and control animals (as
used by white laboratory rats) according to
Vladimirov A. and Archakov A. I. [17, 18].

It was found that neither single, nor repeated
applications for 4 hours daily during two weeks did not
reveal skin irritant and skin-resorptive action of the
materials under investigation. Thus, the obtained results
indicate that ceramic materials based on hydroxyapatite
do not have skin-resorptive properties and have no
irritating effect on the skin and mucous membranes.

The developed materials have passed a complete
complex of toxicological and hygienic tests on warm-
blooded animals. It was found that they are low-toxic,
low-risk substances with weakly cumulative properties.
In addition, they do not possess gonadodotoxic,
embryotoxic, cytotoxic, mutagenic and teratogenic
effects.

The performed researches show that synthesized
nanocrystalline powders based on hydroxylapatite can
be used in light protection products as inorganic filters
of the new generation. Not only do they not have a toxic
effect on the body, but they are not foreign to it (as
opposed to TiO, and Zn0O), since it itself
Cay(PO,)s(OH), and products of its decomposition are
always present in the body.

This will allow modern cosmetology to reach a
new level of protection against ultraviolet radiation, thus
reducing the percentage of skin cancer incidence among
the population.

Conclusions

As a result of the research carried out by the
classical method from solutions using chemically pure
reagents, environmentally  friendly nano-size
Cap(PO4)s(OH),  powders  with  additives  of
Cayo(PO,)sF, were obtained.

It has been determined that up to 10 % of
Cayg(PO,)eF> injections improve the stability of the
material when in contact with the chemically aggressive
medium of the organism (due to F-ions). It has been
determined that the administration of 55 %
Cayg(PO,)eF; is optimal.

It was established that the obtained materials do
not have skin-resorptive properties and have no
irritating effect on the skin and mucous membranes.

A complete complex of toxicological and hygienic
tests of the developed materials on warm-blooded
animals was carried out.

It was established that they are low-toxic, low-
hazard substances with poorly expressed cumulative

properties; they do not possess gonadotoxic,
embryotoxic, cytotoxic, mutagenic and teratogenic
effects.

The developed materials are potentially promising
for use as ultra-disperse fillers in sunscreen as UV
filters.
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HAHOKPUCTAJITYHI KAJBIIH®OCP®ATHI MATEPIAJIA, TIPU3HAYEHI JIJISI BAKOPUCTAHHS
Y AKOCTI ®IJIBTPIB JJISI 3BAXUCTY BIJ YIbTPA®IOJETOBOI'O BUITPOMIHIOBAHHSI
C. Il. Kpusinmsosa, A. I1. T'iHKy”n
HamionaneHuil TeXHIYHAN YHIBEpCUTET «XapKiBCHKUH MONITEXHIYHAN IHCTUTYT», YKpaiHa

Y cmammi posensmymi mamepianu, wo SuUKOPUCMOBYIOMbCS 6 SKOCMI HeOpeaHiuHux Qitempis 0.
VIbmMpagionemogozo UNPOMIHIOBAHHS 8 ICHYIOYUX HA PUHKY COHYE3AXUCHUX [ 360J04CYIOUUX 3AC00aX, nomaoax i
nyopax.  Busnauewo — moXciugicme  3ACMOCYBAHHA — CUHIMEMUYHUX — HAHOKPUCANIYHUX — Mamepianié
Kanvyitipocghammnozo ckiady 8 KOCMEMUYHUX COHYE3AXUCHUX NPOOYKmAx O 3aMiHU ONOKVIOYUX PedOBUH 3
OioKcudy mumawny ma OKCuoy YuHky Ha Oinbil eqhekmueHi NOPOUKU anamumno2o cKiaoy, siki He € uyiIcopioHuMU
ona opeanismy, ockinoku i Cap(POg)s(OH), i npodyxmu tioco Oecmpykyii 3a62c0u npucymui 6 Op2aHizMi.
Hokaszano, wo HaubinbUL NEPCNEKMUBHUM € OMPUMAHHA eKOIO2IYHO YUCTIUX CUHMEMUYHUX HAHOKPUCMANIYHUX
NOPOWIKi6 2I0POKCULANAMUMY 3 3ACMOCYBAHHAM MemOo0i8 «3eleHOi XiMiiy 3 po3uunié 3 2i0pokcudy Kamivyilo i
opmogocgoproi Kucromu mapox «X. u.» i «4. 0. a.». Busnaueno onmumanvHi Cnig8iOHOWIEHHS BUXIOHUX
KOMROHEHMIB i pedcumu mepmoobpoOKu, wo 3a0e3neuyioms OMpUMAHHL HOPOWKY 3 po3mipom Kpucmanie 25 — 50
1M, ocrosnum minepanom koo € Cayg(POy4)e(OH); 3i cnigsionowennam Ca /P = 1,67. 3a csocio cmpyxmypoio 6in
€ KPUCMANIYHUM 3 PO3MIPOM UYACTMUHOK 6 HAHOMEmpO8oMY OIAnd30Hi; npu mepmoodpodyi gopmyemocs Oinvut
2pybo3epHuUCma KpUCmaniuua cmpykmypd, po3mip uacmox 3pocmae 00 75 mxm. @mopanamum cuumesyeanu 3
nonepeonvo cunmesosano2o Caz(PO,), i 3 CaF, sunaniosannam ¢ memnepamypromy oianazoni 1200 — 1250 °C 3
BUMPUMKOIO NPOMA2OM 3 200UH 3 NOOANLUUM HOOPIOHEHHAM 8 KYIbOBOMY MAUHI 00 YACMOK He0OXiOH020 pO3MIpY.
Ompumani  cunmemuyni  2iOpokcuranamum 1 Qmopanamum HPpaAKMUYHO He MICMAMb OOMIUOK — THUUX
kanvyitipocghamis (CarPr04, Caz(POy), i m. i.) i sasckux memanis. Buznaueno, wjo eéedenns 10 % Cayg(POg)eF2
NnoKpawye cmabinbHicmv mamepiany npu KOHMAKMI 3 XIMIYHO acpecusnuM cepedosuiyem opeaniamy (3a paxynox
ionie¢ F). Busnaueno, wo onmumanvium ¢ e6gedennss 5 % Cayg(POgs)sF2. Hocnioscenns noopasmioouoi Oii
HAHONOPOWIKIE HA CAU308I 0OONOHKU MA IX WKIPHO-OPAMIGIUGUX GIACUBOCHEl NPOBOOUNU HA MENIOKPOBHUX
meapunax. IlIkiprno-pe3opomusny 0ito oyinio8au no 3mMiHi inmencugHocmi bioxemimominicyenyii YinbHoi Kpoesi i no
3MIHI OIOXIMIYHUX KOHCMAHM CUPOBAMKU KPOBI OOCTIOHUX | KOHMPOIbHUX MBApul (Oinux 1a60pamopHux wypis).
Bcmanoeneno, wo Hi 00HOpazosi, Hi nOBMOPHI aniikayii NPomsaeom 080X MUNICHIE NPOMIA2OM 4 200UH WOOHS He
BUABUIU WKIPHO-NOOPA3HIOIYOI ma WKIpHO-pe3opbmusHoi 0ii docaiocysanux mamepianis. Ilpoeedeno nosHuil
KOMNJIEKC MOKCUKON020-2ICICHIYHUX 8Uunpodysans in vivo. Bcmanoeneno, po3pobneni mamepianu OiocymicHi 3
MKAHUHAMU OP2aHI3MYy [ BIOHOCAMbCS 00 MALOMOKCUYHUX, MATOHEOE3NEeUHUX PeyosuH 3i C1ab0 GUPANCEHUMU
KYMYISIMUBHUMY  61ACMUBOCMAMYU. Buseieno, wo im He NpumamauHi 20HAOOMOKCUYHUL, eMOPIOMOKCUYHUL,
YUMOMOKCUYHUL, MYyMmaceHHull i mepamoceHnHuti egexmu i 60OHU € HNOMEHYIUHO NepCneKmMusHUMU OJis
BUKOPUCMAHHS 8 SKOCTI YIbMPAOUCHEePCHUX HANOBHIOBAYI8, WO SUKOHYIOMb POb YIbmpagionremosux gitempis y
CKIA0T COHYE3aXUCHUX 30CODI8.

Knrouoei cnoea: conyesaxucni kpemu, ciopoxcuanamum, OiOKCUO MUumawy, HeopeaHiumi (itempu, wWKipHo-
noopasuioya 0is, WKIpHO-pe30pomusHa dis
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