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Permeabillity testing of the vitamins A + E
complex confained in emulsions using
a Franz diffusion cell

Objective — to test whether active substances, such as vitamin A and vitamin E, contained in emulsion will penetrate the
membrane imitating skin.

Materials and methods. Tiwo derivatives were the analysed active compounds: retinol palmitate and tocopherol acetate.
Permeation studies were conducted using Franz-type diffusion cells made of borosilicate glass. The collected samples were
subjected to determination by the MALDI-TOF MS method and the analytical HPLC technique. The studies were in vitro
tests, which allow for testing of active substances outside a living organism while representing the effects of these
compounds on the organism.

Results and discussion. The permeability testing shows that some of the compounds contained in the w/o type of emulsion pass
through membranes, which was confirmed using selected methods of HPLC qualitative analysis and MALDI-TOF MS. In
addition, apart from the analysed complex, other active ingredients included in the emulsion formula also managed to get through.

Conclusions. In the test carried out at a temperature of (37 + 0.5) °C in a diffusion cell derivatives of vitamins A and E
were detected much faster than in the tests carried out at laboratory temperature of (22 + 0.5) °C. The temperature of

37 °C corresponds to the transdermal systems used on the skin.
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itamins are organic compounds necessary for

the proper functioning of the organism and the
biochemical processes occurring in the body. They
are not produced by the organism therefore they
have to be provided from the outside. Cosmetic
preparations contain a lot of different vitamins.
Vitamins which are significantly used as active
ingredients of cosmetic products, either individual-
ly orin a complex, are vitamins A and vitamin E [1].

Vitamin A

Vitamin A is a group of organic compounds be-
longing to retinoids. The term «retinoids» was int-
roduced in 1976, it includes retinol (vitamin A) and
its natural and synthetic analogues. They play an
important role in the mature organism and at the
same time are of fundamental importance in the pro-
cesses of embryonic development. They are cha-
racterized by the fact that they affect biological
processes. Among other things, they regulate apop-
tosis, differentiation and proliferation of cells. They

affect biological processes by changing the activity of
the genes, which act like hormones, through nuclear
receptors, which were discovered in 1987. There are
two types of receptors: RAR’s (retinoic acid recep-
tors) — a, p, y, and RXR’s (retinoid X receptors) — a,
p, y. Both RAR’s and RXR’s regulate expression by a
positive feedback, by binding to the promoter region
of the target gene, they may also have a negative
feedback by enhancing the activity of other trans-
cription factors, such as AP 1, which activates cell
proliferation and inflammatory processes [2, 3]. The
crucial structure of retinoid particles comprises the
cyclic terminal group and the polyene side chain
which terminates in a polar group. A system of con-
jugated double bonds of a polyene chain influences
the colour of retinoids, which occurs from yellow
through orange to red, therefore many of them
exhibit chromophore properties. The structural chan-
ges that occur in the polyene side chain and in the
cyclic terminal group make it possible to create reti-
noids with different structures and properties |3, 4].
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Figure 1. The structural formulas of the esters
of vitamin A (8)

The most common forms of retinoids used in
cosmetic formulations for skin care are:

1) tretinoin — otherwise known as retinoic acid; in
chemical terms it is more stable than retinol; the
compound stimulates the growth of epithelial
cells and increases the synthesis of glycopro-
teins, which influence the transport of oligosac-
charides by the cell membrane; it is normally
used externally in the treatment of acne because
it reduces inflammation and opens sebaceous
glands by stimulating cell proliferation [5];

2) isotretinoin — or 1.3-cis-retinoic acid; is a cis
isomer of retinoic acid; it is often used orally in
more severe forms of acne; it binds strongly to
blood proteins and has a long-term effect [5].
Furthermore, vitamin A is present in cosmetics

in the form of esters: retinol acetate A or retinol

palmitate B. The structures of the compounds are

shown in Figure 1.

Retinol is a cyclic polyene alcohol, which is
composed of trimethylcyclohexane (B-ion), which
has an 11-carbon side chain with four double bonds.
The presence of these bonds makes vitamin A
unstable and easily oxidized. It dissolves in ethanol,
in petroleum ether and in fats [6,13].

Vitamin A is very often referred to as a growth,
anti-infections and anti-aging vitamin. The organ-
ism stores it in the liver in the form of ester, or
retinol palmitate, which in the process of saponifi-
cation forms pure vitamin A, which is released into
the bloodstream [7, 8]. «Outside the liver retinol is
coupled with glucuronic acid, and then it is oxi-
dized to become retinal and retinoic acid, which is
excreted in urine and faeces» [6, 9].

Operation of vitamin A is multidirectional. It
includes, among others: impact on the development
and growth of the organism, impact on the produc-
tion of hormones, impact on bone formation, impact

on the process of keratinization of the epidermis,
increase of the protective layer of the skin, it is one
of the main compounds responsible for the pro-
cesses of sight, protection against cancer, impact on
the proper development and functioning of skin
cells [1, 6, 9].

Vitamin A deficiencies manifest themselves,
among other things, through hyperkeratosis, dry
skin, brittle nails and weak hair. Other symptoms of
the deficiency include the impairment of vision,
growth inhibition, and decreased resistance to
infection [1, 6]. Vitamin A can also be very easily
overdosed, which leads to acute poisoning caused
by very high doses, which manifests itself in mental
disorders, very high drowsiness, vomiting, and nau-
sea. Normally, the concentration of retinol in blood
plasma is 30—60 pg/100 ml, and in the case of acute
poisoning it is 150 pug/100 ml [6].

Retinol is included in both products of plant
origin (mainly in the form of pro-vitamin A) and
animal origin. It is also produced synthetically.
Vitamin A is most commonly used in cosmetics in
the form of retinol palmitate. It is used, among others,
in the treatment of psoriasis, pruritis (in old age),
various dermatoses, frostbite, and wounds that do
not heal. It is used in various formulations, in the
form of tablets and ointments for the treatment of
acne. Vitamin A used orally is teratogenic. In the
formulations for the skin it is active in the concen-
tration of 0.1 to 2 %.

Vitamin E

Vitamin E occurs most often in the form of toco-
pherols (Figure 2) and tocotrienols. A common
feature of tocopherols and tocotrienols is the bicy-
clic skeleton of 6-chromanol and a side chain built
from three isoprene units. These are oily substances
that are soluble in non-polar solvents and oils,
insoluble in water. These compounds are resistant
to high temperatures, acids and alkalis, they are not
saponifiable. Pure tocopherols are sensitive to che-
mical oxidizing agents, ultraviolet light and oxygen.
However, their esters are resistant to these factors,
particularly to oxygen. Esterification of tocopherol
with selected fatty acids may increase the biological
activity of vitamin E [1, 5, 6].

Ester derivatives, whose operating time is ex-
tended, are a more permanent form of tocopherols.
In medicine and cosmetology tocopherol acetate is
most commonly used (Figure 3), which is an ester
of a-tocopherol and acetic acid [5, 9—11].

Vitamin E has the following effect: it prevents
enzymes, hormones and vitamins from the forma-
tion of peroxides and protects the fatty layers of the
epidermis, it improves the absorption of oxygen by
cells, it improves blood circulation in the skin, it
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Tocopherols R; R, Chemical name

34-dihydro-2,5,7,8-tetramethylo-2-(4",8',12'-trimethylotridecylo)-2H-1-benzopyran-6-ol

2,5,7,8-tetramethylo-2-(4',8",12’-trimethylotridecylo)-6-chromanol

3,4-dihydro-2,5,8-trimethylo-2-(4’,8",12’-trimethylotridecylo)-2H-1-benzopyran-6-ol

a-Tocopherol CH; CH;s
(a-T)
B-Tocopherol CHs; H

2,5,8-trimethylo-2-(4',8",12-trimethylotridecylo)-6-chromanol

34-dihydro-2,5,8-trimethylo-2-(4',8",12-trimethylotridecylo)-2H-1-benzopyran-6-ol

y-Tocopherol  H CH;

2,7 8-trimethylo-2-(4',8,12-trimethylotridecylo)-6-chromanol

3,4-dihydro-2,8-dimethylo-2-(4,8,12’-trimethylotridecylo)-2H-1-benzopyran-6-ol

5-Tocopherol H H

2,8-trimethylo-2-(4",8',12’-trimethylotridecylo)-6-chromanol

Figure 2. The structural formula of tocopherols (10)

Figure 3. The structural formula of tocopherol acetate (1)

strengthens the connective tissue, it stimulates the
production of anticoagulants, it has an impact on
the stability and permeability of cell membranes.

Vitamin E deficiency can lead to skeletal muscle
dystrophy, keratinization disorders, worse wound
healing and worse concentration. It can also cause
neurological disorders, and decreased vision. More-
over, in men it results in aspermia, and in women
the deficiency may lead to miscarriages. For that
reason vitamin E is often referred to as fertility
vitamin [1, 6, 10].

Vitamin E may be obtained synthetically or
naturally from cereal sprouts [1]. A daily intake of
this compound for an adult is 15—30 mg.

The most commonly used form, a-tocopherol, is
used as an antioxidant in anti-aging, nourishing and
regenerating creams. Along with vitamin A and E
it is used in the treatment of eczema and acne vul-
garis, as well as in wrinkle reduction [1, 5].

It is because of the currently prevailing trend in
cosmetology, which recommends the administra-

tion of vitamins as both supplements and topically,
that the current work characterizes and tests this
group of compounds.

AIM

The aim of the experimental work was to develop a
formulation of a cosmetic, a preparative of a cos-
meceutical with a chosen active ingredient, which
was the vitamins A + E complex, and conducting
release level tests using a Franz diffusion cells.

MATERIALS AND METHODS

1. Development of a recipe for the cosmeceutical

The cosmeceutical recipe was based on a w/o
emulsion, wherein the vitamins A + E complex was
placed [12]. The recipe was developed on the basis
of a study of the recipes for vitamin A + E cos-
metic preparations available on the Polish cosmet-
ics market. Table 1 shows the composition of the
emulsion.
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Table 1. The composition of the emulsion

Common name INCI name Quantity [g]
Eucerine Lucerini 12
Castor oil Oleum ricini 4
Distilled water Aqua destilata 44
Vitamin A Vitaminum A liquidum 0.3
Vitamin E Vitaminum E liquidum 0.3
e—— donorcell
e
sampling arm \
.\ ¢ I .
, = ;
3 1\.:‘ .,% ™
L | 'l i
acceptor cell
water jacket

Figure 4. A single cell for testing permeability

2. Preparation of the cosmeceutical

12 g of eucerine was weighed on an analytical bal-
ance, which was then thoroughly triturated using a
pestle in a mortar. Then small portions of previ-
ously weighed 4 g of castor oil were added to the
eucerine. After thorough mixing of the two compo-
nents distilled water, previously weighed in a
beaker on an analytical balance, was added in small
portions. Finally, 0.3 g of vitamin A and the same
amount of vitamin E were added to the emulsion.
The whole underwent a homogenization process in
a homogenizer. 60.6 g of the final emulsion were
obtained.

3. Penetration study of the A + E complex

3.1. The permeability testing cell

In the course of the tests the potential for releasing
of selected vitamins from the emulsion was tested.
The tests were performed using Franz-type diffu-
sion cells, in the Laboratory of Chemistry of Bio-
logical Macromolecules at the Faculty of Chemist-
ry of the University of Gdansk.

Franz-type cells are used for permeability test-
ing of active substances by diffusion. The cells used

in the test chamber were made of borosilicate glass
with the volume of 10 ml. A single test cell is shown
in Figure 4.

3.2. The membrane

In order to conduct the permeability testing Whatman®
membranes, made of cellulose acetate, were used,
whose pore size was 0.45 pm and diameter —
25 mm. The pore size corresponded to the size of the
pores in human skin.

3.3. Conditions for the release of active ingredients

The permeability testing was performed using two
Franz-type cells fitted with a magnetic stirrer, the
speed of which was set at 350 rpm.

The tests were performed at (26 = 5) °C and
(37 £ 0.5) °C, which is similar to the transdermal
systems applied to the skin. The temperature in the
cell was maintained by a thermostat.

The acceptor fluid used in the tests was double
distilled degassed water at physiological pH meas-
ured at 7.010.

Each time, 1 g of the emulsion was placed on the
membrane in the donor cell.

The cell was sealed with parafilm to prevent
evaporation and it was secured with a buckle.

3.4. Qualitative analysis

To determine the molecular weight of the compo-
unds released from the emulsion in the acceptor
fluid mass spectra were made, which were obtained
by mass spectrometry by matrix assisted laser
desorption ionization (MALDI-TOF MS) in Phy-
sical and Chemical Laboratories of the University
of Gdansk. Each time the matrix for the tested
compounds was o-cyano-4-hydroxycinnamic acid
(CCA) and 2,5-dihydroxybenzoic acid (DHB).

At the same time, to confirm the presence of
derivatives of vitamins A and E released from the
emulsion in the liquid acceptor, and in order to iden-
tify them the analysis technique of high performance
liquid chromatography (HPLC) was used in a0
reversed phase system (RP) using a BECKMAN
GOLD SYSTEM. The conditions for elution were as
follows: samples were analysed directly on RP-18
columns (stationary phase) at UV light detection
having a wavelength of 275—295 nm. Methanol and
acetonitrile (95: 5 v/v) were used for the mobile phase.

The applied methods of analysis are simple,
repetitive, selective and can be used in routine
analyses of commercial cosmetics for the determina-
tion of vitamins soluble and insoluble in fat [13].

RESULTS

The first step in the release study was the analysis
of the active compounds by the methods described
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Figure 5. FAn HPLC chromatogram of retinol palmitate,
the peak corresponding to the compound was
recorded at a retention time of 4.592 min
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Figure 6. An HPLC chromatogram of tocopherol
acetate, the peak corresponding to the compound
was recorded at a retention time of 7.029 min
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Figure 7. An HPLC chromatogram of the A + E complex
(retinol palmitate and tocopherol acetate), the peak
corresponding to vitamin A time was recorded at

a retention time of 4.502, and vitamin E at a retention
time of 7.923 min

in Section 3.4. To this end, chromatograms and
mass spectra of crude vitamin derivatives were
obtained: retinol palmitate (vitamin A) and toco-
pherol acetate (vitamin E), vitamin complex
(A + E) and the A + E complex in the emulsion. The
chromatograms performed with the use of
RP-HPLC are presented in Figure 5—8.
Afterwards the active compounds tested were
subjected to mass analysis. To do this, first of all
molecular weights of the active compounds were
calculated, which were, respectively:
1) retinol palmitate (vitamin A): 526.86 g/mol,
2) tocopherol acetate (Vitamin E): 472.76 g/mol,
3) eucerine ingredients: cholesterol — 386.65 g/mol;
cetyl alcohol — 242.44 g/mol; white petrola-
tum — a mixture of hydrocarbons: docosane
310.12 g/mol and tricosane 324,20 g/mol;

Figure 8. An HPLC chromatogram of the A + E complex
(retinol palmitate and tocopherol acetate) in
emulsion, the peak corresponding to vitamin A

was recorded at a retention time of 4.507, and vitamin E
at a retention time of 7.922 min

4) the components of castor oil: 80 % ricinoleic acid
glyceride — 372.40 g/mol and 7 % oleic acid gly-
ceride 356.11 g/mol, 3 % linoleic acid glyceride
354.68 g/mol, 2 % palmitic acid glyceride
330.56 g/mol; 1 % stearic acid glyceride
358.78 g/mol.

The weights of particular compounds were de-
termined for raw compound samples and on the
emulsions. The resulting mass spectra are shown in
Figure 9—12.

As the experiment progressed and samples were
taken out from the acceptor cell along with the
penetrated substances, regular injections of samples
using HPLC-RP were carried out. After 16 hours,
in the cell connected to a thermostat, the presence
of peaks belonging to the examined vitamins was
revealed in a sample of acceptor fluid. By contrast,
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Figure 9. A mass spectrum of retinol palmitate,
measured using MALDI-TOF MS (DHB matrix), the peak
of m/z = 524.9 corresponds to the ion (M)+
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Figure 10. A mass spectrum of tocopherol acetate,
measured suing MALDI-TOF MS (DHB matrix), the peak
of m/z = 495.6 corresponds to the ion (M + Na) + peak
m/z = 511.3 corresponds to the ion (M + K)+
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Figure 11. A mass spectrum of the complex: retinol
palmitate and tocopherol acetate, measured using
MALDI-TOF MS (DHB mairix), the peak of m/z = 524.7
corresponds to the ion (M)+ of vitamin A, the peak
of m/z = 472.6 to the ion (m)+ of vitamin E, the peak
of m/z = 495.6 corresponds to the ion (m + Na)+

of vitamin E

in the release testing of the vitamins complex in a
cell without a thermostat, on the basis of qualitative
studies, the presence of peaks was discovered after
23 hours. The chromatograms are presented in
Figure 13 and Figure 14.

The resulting chromatograms differ in the size
and intensity of peaks originating from test com-
pounds. This is due to the difference in the condi-
tions of the experiment. The testing carried out in
the cell with a thermostat showed more intense
signals and a shorter time of penetration.

Then, the same samples, taken from the accep-
tor cell, were subjected to tests on a mass spectrom-
eter using the MALDI-TOF MS. The mass spectra

Figure 12. A mass spectrum of the complex: retinol
palmitate and tocopherol acetate in emulsion,
measured using MALDI-TOF MS (DHB matrix), the peak
of m/z = 524.6 corresponds to the ion (M)+ of vitamin A,
the peak of m/z = 472.7 to the ion (m)+ of vitamin E,
the peak of m/z = 495.7 corresponds to the ion

(m + Na)+ of vitamin E

are presented in Figure 15 and Figure 16. In the
mass spectrum obtained after 16 hours for the ther-
mostat samples, a peak derived from vitamin E was
observed, corresponding to its molecular weight, a
peak corresponding to the weights of ricinoleic
acid glyceride, linoleic, docosane, and cetyl alcohol.
In the mass spectrum obtained after 23 hours a tiny
peak was observed derived from vitamin E, corre-
sponding to its molecular weight. By contrast, the
signals corresponding to the molecular masses of
castor and linoleic acid glycerides, docosane, and
cetyl alcohol were a little more intense. The author
of the paper speculates that this was a result of the
longer time of permeation. In addition, in both
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Figure 13. An HPLC chromatogram of the A + E
complex (refinol palmitate and tocopherol acetate) in
emulsion after 16 hours, the peak corresponding to
vitamin A was recorded at a retention time of 4.707,
and vitamin E at a retention time of 7.992 min
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Figure 14. An HPLC chromatogram of the A + E
complex (refinol palmitate and tocopherol acetate) in
emulsion after 23 hours, the peak corresponding to
vitamin A was recorded at a retention time of 4.597,
and vitamin E at a retention time of 7.562 min
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Figure 15. A mass spectrum of the complex: retinol
palmitate and tocopherol acetate released from the
emulsion after 16 hours of testing, measured using
MALDI-TOF MS (DHB maitrix), the peak of m/z = 472.1
corresponds to the ion (M)+ of vitamin E, the peak

of m/z = 242.5 corresponding to the ion (M)+ of cetyl
alcohol, the peak of m/z = 333.3 corresponds to the
ion (m + Na)+ belonging to docosane, the peak of
m/z = 355.2 corresponds to the ion (M + H)+ of linoleic
acid glyceride, the peak of m/z = 372.5 corresponds to
the ion (M)+ of ricinoleic acid glyceride

spectra the signals derived from vitamin A are of
very low intensity, bordering on noise, which
means that the compound was released in minute
quantities.

CONCLUSIONS

Permeability of active compounds is a complex process
and is influenced by many factors. The permeability
test using the in vitro technique with Franz cells is
very important in the development of new cosmetics.
Using these tests helps to determine the time and the

Figure 16. A mass spectrum of the complex: retinol
palmitate and tocopherol acetate released from the
emulsion after 23 hours of testing, measured using
MALDI-TOF MS (DHB maitrix), the peak of m/z = 472.1
corresponds to the ion (M)+ of vitamin E, the peak of
m/z = 242.5 corresponds to the ion (M)+ of cetyl
alcohol, the peak of m/z = 333.2 corresponds to the
ion (M + Na) + belonging to docosane, the peak of
m/z = 355.2 corresponds to the ion (M + H)+ of glyce-
ride linoleic acid, the peak of m/z = 372.5 corresponds
to the ion (M)+ of ricinoleic acid glyceride

intensity of the permeability of selected substances
very precisely, and in this case — vitamins.

The analysis of the results shows that the vita-
mins contained in the prepared emulsion penetrat-
ed the membrane.

The HPLC analysis of the collected samples
revealed the presence of vitamin A and E. In the
test carried out using a thermostat vitamin deriva-
tives were detected after 16 hours of diffusion,
while in the study conducted without the use of a
thermostat — after about 23 hours of diffusion.
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Tocopherol acetate retention time was 4.5 minutes
and that of retinol palmitate — 7.9 minutes.

In the release test not only the studied vitamins
penetrated the selected test membrane, but also the
compounds that were part of castor oil.

In MS spectra, taken after the samples of the
emulsion and the vitamins A and E solution had
done the penetrating, peaks were observed cor-
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3 Biodinenns monexyaspnoi 6iomexnonozii, ximiunuii paxyrwmem, Ioancvkuil ynisepcumem, [oancok, [lonvwa

BM3HAYEHHS1 NPOHNMKHOCTI KOMMAEKCY BITAOMIHIB A + E,
LLLO MICTUTLCS1 B EMYALCISIX, 3 BUKOPWCTOAHHSIM

ANPY3inHOT Kamepy OpaHLa

Mera po6GOTH — TIEePEBIPUTH, YU AKTUBHI PEYOBUHU, Taki siK BitamiH A i Bitami E, 1110 MicTATbCS B eMyJIbCii, IPOHUKAIOTH
y MeMOpany, 1110 iMiTye€ HIKipy.

Marepiasm Ta MeToau. /[BoMa moxigHumu GyJid MpoaHaii3oBaHi akKTHBHI CIIOMYKH: PETHHOY TaJbMITaT i TOKo(epory
arerat. JlocsmipKeHHsT TIPOHUKHOCTI TIPOBOMJINCS 3 BUKOpUCTaHHSIM audysiitanx kamep Dpaniia, BUTOTOBJIEHUX i3
GopocusikaTHOro ckJa. 3ibpaHi 3pasku TectyBaau 3a gornomorow mMerogy MALDI-TOF MS Tta aHamiTHuHOT METOAMKY
BUCOKOe(hEKTUBHOI pifiuHHOI XpoMartorpadil. JlocipkeH s 3iiicHIOBaIM B TaGOPATOPHUX YMOBAX, SIKi IAI0Th 3MOT'Y TECTY-
BaTU aKTUBHI CyOCTAHIII 11032 JKUBUM OPTaHi3MOM i IIOKa3yIOTh BILUIUB [[UX CIIOJYK HA OPTaHi3M.

PesybraTu Ta 06roBOpenHs. TecTyBaHHs IIPOHUKHOCTI IIOKA3YE, 110 AeKI 31 CIIOJIYK, 110 MICTATHCA B eMYJIbCii THITY W/0,
MPOXO/ATh KPish MeMOpaHH, 1110 OyJI0 miATBepIKeHo 3a nonomMoroo Meronry MALDI-TOF MS Ta ananiTudHol MeToAuKN
BrcokoedexkTuBHOI piguHHOI xpomartorpadii. Kpim Toro, mopsia i3 mpoaHasi3oBaHMM KOMILJIEKCOM, 1HINI aKTUBHI
iHrpe/IieHTH, M0 BXOAATH 10 (POPMYJIM eMyJIbCii, TAKOK MPOUIILIN KPi3hb MeMOpaHy.

BucnoBku. Y Tecrax, nposejienux y audysiiiaiil kamepi npu temmeparypi (37 * 0,5) °C, noxiani Bitaminis A ta E Gyiu
BUSIBJIEHI 3HAYHO IIBU/ILIE, HIXK y TeCTax, PoBeAeHnX npu gaboparopHiil remneparypi (22 + 0,5) °C. Temueparypa 37 °C
BI/INIOBI/Ia€ TPAHC/IEPMAJbHUM CHCTEMAM, SIKi BUKOPUCTOBYIOTHCSI Ha HIKipi.

Kirouosi cioBa: Bitamin A, Bitamin E, iporukHicTs y aboparopaux ymosax, audysiiina kamepa Opania.
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HAYKOBI AOCAIAXKEHHST

b. Ay6kosckasl', M. [yc’, b. [pobeaHa?, C. Mackesn4?

L Omoenenue gusuomepanuu u meduunckux nayx, [danvckuil koanedic menedscmenma, [danvck, Ilorvua
2 Omoenenue Xumuu U AHAIUMUUeckoli KoCMemukuL, xumuveckuil gpaxyivmem, [Danvcxuil ynusepcumem, Idanvck, Honvwa
3 Omoenenue monexyaspHotl Guomexnonozull, xumuueckuil gpaxyivmem, [anvckuil ynusepcumem, [0anvcxk, HHomwa

OnpeaeAeHne MPOHNLIIEMOCTU KOMMAEKCT BUTOMUHOB A + E,
COAEPKALLETOCS B SMYALCUSIX, C MICMOAB3OBAHNEM
AMOPY3MOHHOM Kamepbl PPAHLIC

ITens paGoThl — MPOBEPHTDH, IPOHHKAIOT JIH aKTHBHbBIE BENIECTBA, TAKIE Kak BUTAMHH A i BuTaMuH E, comepskariiecs B
HMYJIBCUH, B MEMOPaHY, IMUTHPYIONIYIO KOXKY.

Marepuanst 1 MeTozbl. JIBYyMs IIPOAHAIM3UPOBAHHBIMU [TPOU3BOJAHBIMU AKTHBHBIMU COEAMHEHUSIMU ObLIM: PETHHOJIA
najbMUTAT ¥ TOKOepoJa arerar. VccseioBanme mpoHUIAEMOCTH TIPOBOINIIOCE € UCITOJIb30BaHEM UG (dY3HOHHBIX KaMep
Dpanifa, U3TOTOBJIECHHBIX U3 HOPOCHIMKATHOTO cTeka. CobpaHHbie 06pasIbl TECTHPOBAIH € MOMOIBI0 MeToga MALDI-
TOF MS n anamuTiaeckoit MeTOINKHI BBICOK03(M(DEKTUBHON KUKOCTHON XpoMaTorpadun. Vcerenosanms mposoanan B
J1aBGOPATOPHBIX YCIOBHSIX, KOTOPBIE O3BOJISIOT TECTUPOBATH AKTUBHBIE CYOCTAHIMN BHE KMBOTO OPraHM3Ma 1 TIOKA3bIBAIOT
BJIMSIHUE 3TUX COC/IMHEHUI HA OPTaHU3M.

Pesyabratel u 00cyskaeHue. TecTupoBaHue MPOHUIIAEMOCTH OKA3bIBAET, YTO HEKOTOPbIE U3 COEANHEHUI, COEPIKAIMXCS
B 9MYJIbCUHM THIIA W/0, IPOXOAAT Yepe3 MeMOpaHbl, 4To ObLIO MOATBEPKAEHO ¢ moMolbio Metoga MALDI-TOF MS u
AHAINTUIECKON METOMKH BBICOK0a(h(HEKTUBHOI KUAKOCTHOI XpoMaTorpadun. KpoMe Toro, BMecTe ¢ TpoaHaIn3upoBaH-
HBIM KOMILJIEKCOM, JIDYTHe aKTUBHBIC WHTPEAMEHTHI, BXOJSAIIME B cOCTaB (hOPMYJIbl dMYJIbCHH, TAKXKE TPOILIN CKBO3b
MeMOpaHy.

BoiBoapl. B recrax, nmposenennbix B anddysnonnoii kamepe 1pu remmeparype (37 = 0,5) °C, mpousBo/iHble BUTAMHUHOB A
u E GbLin o6Hapy KeHbI 3HAUMTENLHO ObICTPEE, YeM B TeCTaX, IPOBEeJIeHHbIX Mpu JJabopaTopHoii teMiepatype (22 * 0,5) °C.
Temneparypa 37 °C coOTBETCTBYeT TPAHC/IEPMAJIbHBIM CUCTEMaM, KOTOPBIE NCIIOIB3YIOTCS Ha KOJKE.

Kitouessie ciioBa: Buramut A, ButamuH E, IpoHUIIAEMOCTD B JIa0OPaTOPHBIX ycioBusix, quddysuontas kamepa Opaniia.

JlaHi npo aBTOpiB:

JIy6roBcbka Beara, Bitinenns disiorepanii Ta MeanunHux Hayk, [nancbkuii kosemk MeHekmenty, Pelplinska 7, 80—335, Gdansk
E-mail: b.lubkowska@wsz.pl

Iyc Mapra, Bijtisienns disioteparii ta MeuuHuX Hayk, [MaHcbKuil Kosek menekmenty, Pelplinska 7, 80—-335, Gdansk

IpodGenna Beara, BiytisierHs XiMil Ta aHAIITHYHOT KOCMETHKH, XiMiuHU (hakyssret, [nancokuii ynisepentet, Wita Stwosza 63, 80—308
Gdansk

MackeBuy 3GirHEB, Bi/UTIIEHHST MOJIEKYISIPHOI GioTexHoJIorT, XiMiunuii (haxyasret, [nancekuii ynisepcuter, Wita Stwosza 63, 80—308
Gdansk
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