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Abstract

Larix Sibirica Wood Extract upon type I collagen fibrils” structure and

ﬁ study has been performed of the effect of the bioflavonoid complex

thermal stability. It is shown that Larix Sibirica Wood Extract acceler-

ates fibril production, with a characteristic periodic cross striation (band-
ing) of collagen fibrils being restored. Differential scanning calorimetry da-
ta are indicative of increased melting temperature in collagen fibrils form-
ing in neutral or slightly alkaline conditions, but not in individual tropocol-
lagen molecules found in acid conditions. It is suggested that some of the
aspects of Larix Sibirica Wood Extract’s biological activity can be attributed

to its ability to accelerate fibril production processes and contribute to
collagen fibrillar form stability and these particular capabilities of the
bioflavonoid complex are expected to be made use of in cosmetic industry

as well as in medicine.

B [ntroduction

The positive trend today is towards man's
active life period becoming increasingly
longer which makes more people try to
keep healthy appearance of their skin
and look for ways to maintain it. With
this object in view intensive investiga-
tions are carried out all over the world
with the aim of developing safe prepa-
rations to check the natural process of
skin aging.

Phytogenous preparations containing
flavonoids have been used for this pur-
pose for ages. Generally, the action of
flavonoids upon a human being can be
determined by their ability to protect
the human organism from environmen-
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tal stressors due to their antioxidant ac-
tivity and heavy metal binding capabili-
ties as well as their effect upon signal
systems of cells (1). We must admit that
our knowledge about the mechanisms of
these substances' action upon the hu-
man organism is far from being suffi-
cient (2). This can be illustrated by a re-
cent discovery that despite their positive
effects upon human health some prod-
ucts of flavonoid metabolism in the hu-
man organism may be toxic (and muta-
genic). For example, recently published
data indicate that this may be the case
with quercetin, one of the best studied
and most widely used flavonoid (3).

The non-toxicity of dihydroquercetin
(taxifolin) may be due to the absence of

C2-C3 double bond [3]. This suggests
that research into the properties of taxi-
folin may be promising. The present pa-
per studies the interaction between tax-
ifolin (INCI Name: Larix Sibirica Wood
Extract) and collagen and the effects of
the said preparation upon the collagen
fibril formation process and fibril stabili-

ty.

| Larix Sibirica Wood Extract

Larix Sibirica Wood Extract is produced
from the butt log part of the Siberian
Larch by means of extraction and after-
purification. Larix Sibirica Wood Extract
is a bioflavonoid complex (produced by
Bioflavon Ltd, Obninsk, Russia, under the
trade name of Flavocon® ) whose main
active constituent is taxifolin. In addi-
tion to taxifolin the complex includes its
biogenetic precursor substances aroma-
dendrene and eriodictyol (2 through 8
percent) which are related flavonoids
having similar physicochemical and bio-
logical properties.

A taxifolin molecule has two chirality
centers and can exist in the form of four
stereoisomers. The Larix Sibirica Wood
Extract taxifolin is one of those stereo-
isomers, namely the 2R, 3R one. The stere-
ochemical structure determines whether
the substance will show any biological
activity and to a large extent determines
the type of such activity.

W Effects of Larix Sibirica Wood
Extract upon Type | Collagen

Collagen is one of the most widespread
proteins of the human body. Collagen re-
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sides in the intercellular space and is or-
ganized in the form of fibrils marked by
low solubility in water and having great
mechanical strength: the tensile strength
of collagen fibers is greater than that of
steel wires of the same mass. So the
function of collagen is to form compo-
nents of human body tissues that are
characterized by great strength, which
includes the fibrillar components of ves-
sels and the skin. So far from 12 to 14
collagen types have been identified, but
most abundant are type |, type Il and
type Ill collagens.

A single type | collagen molecule has a
molecular mass of about 285 kDa, is
about 14 A wide and about 3000 A long.
A collagen molecule sometimes referred
to as tropocollagen consists of three pro-
tein threads which are subunits of pro-
teins — each in the form of a left-hand-
ed helix. These three left-handed helices
are further twisted around one another
to form a major right-handed helix hav-
ing a larger pitch of strand. The twist in
the opposite direction prevents the re-
sulting bundle from getting untwisted
when under tension and it also makes it
particularly strong.

Some collagen types (including type |
collagens) form fibrils cross-striated with
transverse bands. The fibrils are made up
of sets of parallel-oriented tropocolla-
gen molecules, they represent the next
and higher level of collagen structural
organization. The exact spatial pattern
of collagen molecules in fibrils has not
been adequately studied. Of particular
interest is the question of what causes
the cross striation of fibrils that can
be seen with an electron microscope
(Fig. 1). The transverse bands have a pe-
riod D = 640-680 A, which is consider-
ably shorter than the length of an indi-
vidual tropocollagen molecule (about
3000 A). A question arises as to how the
cross striation is formed with a period
considerably smaller than the length of
molecules forming such structure. It is
believed that tropocollagen molecules
are added to one another following the
head-to-tail addition pattern, but there
are gaps between them. As a result there
are areas in the fibril cross-section where
molecules overlap and areas where a cer-
tain number of gaps can be seen. The ar-
eas where molecules overlap correspond
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Fig. 1 Electron microphotograph of a collagen fibril with its characteristic cross
striation and a diagrammatic view of a collagen molecule spatial pattern which

accounts for the transverse bands

to dark bands and the gaps between the
molecules correspond to light areas (about
400 A).

It is well known that in acid conditions
(acetic acid 100 mM, pH of about 3.0)
collagen can be brought into solution
whose fundamental units will be indi-
vidual tropocollagen molecules. As the
acidity level is lowered and the solution
becomes neutral the tropocollagen mol-
ecules become to be able to sponta-
neously assemble into fibrils, with the
characteristic cross striation being re-
stored. The process of fibril formation
takes several hours and is susceptible to
a number of factors (6). This paper shows
the effect of the Larix Sibirica Wood Ex-
tract complex upon the said process.

In a phosphate buffer collagen molecules
form fibrils spontaneously, the rate of

the process depending on the tempera-
ture. Light scattering variations can be
used to determine the fibril formation
dynamics (4, 7).

Fig. 2 shows light scattering curves for
samples containing different concen-
trations of the bioflavonoid complex,
and control samples. As may be seen
from the figure in the control sample
that does not contain the preparation
the fibril formation process at given
conditionsstartsafter about ten minutes
of incubation and develops very slowly.
In the presence of Larix Sibirica Wood
Extract the fibril formation process is
accelerated and starts earlier as com-
pared with the control. Thisis indicative
of activation of the fibril formation
process induced by Larix Sibirica Wood
Extract.

23



COSMETICS

NATURAL INGREDIENTS

B Results and Discussion

A number of authors reported that some
flavonoids could fluoresce when inter-
acting with certain proteins (like serum
albumin, for instance) (5, 8, 9). During our
experiment we determined thatin aque-
ous solution Larix Sibirica Wood Extract
did not have pronounced fluorescence
capabilities, however, in solutions con-
taining collagen we were the first to dis-
cover that Larix Sibirica Wood Extract
could fluoresce which would allow one
to monitor the fibril formation process.
It is well known that in acid conditions
collagen does not form fibrils, so the
preparation's fluorescence intensity is
insignificant (Fig. 3b). In a phosphate
buffer at neutral pH values fibril forma-
tion does take place and the correspond-
ing samples show a considerable increase
in the Larix Sibirica Wood Extract fluo-
rescence intensity (Fig.3a). It may be
conceived that in the process of fibril
formation the Larix Sibirica Wood Ex-
tract interaction with collagen intensi-
fies, which is reflected by increased flu-
orescence intensity.

Collagen fibril formation is clearly traced
by electron microscopy methods. Fig. 4
shows collagen fibrils formed at differ-
ent Larix Sibirica Wood Extract concen-
trations.

All of the microphotographs show the
characteristic collagen fibril cross stria-
tion with a period of about 64 nm. All of
the typical structural peculiarities of fib-
rils are kept very well in the presence of
Larix Sibirica Wood Extract which is in-
dicative of the fact that Larix Sibirica
Wood Extract does not lead to any fibril
formation abnormality. Moreover, peri-
odicity is more pronounced at large con-
centrations of Larix Sibirica Wood Ex-
tract.

B The Effect of Larix Sibirica Wood
Extract Upon Collagen Molecules'
Thermodynamic Characteristics

The scanning calorimetry method was
used to determine the effect of Larix
Sibirica Wood Extract upon the thermo-
dynamic characteristics of collagen mole-
cules and collagen fibrils already formed.
With this aim in view we studied colla-
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Fig. 2 Variation of intensity of right angle light scattering in a collagen suspension
(0.1 mg/ml) at 510 nm in the presence of Larix Sibirica Wood Extract.

Incubation medium — 10 mM phosphate buffer, pH = 7.4, 25°C

The arrow indicates the point in time at which the protein was added

gen fibrils formed in 0.01 M phosphate
buffer (pH = 7.4, 20 °C, 24 hours) in the
presence of Larix Sibirica Wood Extract at
different concentrations (Fig. 5, Table 1).
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As is seen from the data in the table at
20 °Cand physiological values for pH and
ionic force of the medium adding Larix
Sibirica Wood Extract at concentrations
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Fig. 3 Larix Sibirica Wood Extracts (0. 01%) fluorescence spectrum in collagen (0.1 mg/ml):
a—at pH = 2.9 (0.1 M acetic acid), b — at pH = 7.4 (10 mM phosphate buffer)
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Fig. 4 Electron microphotographs of collagen fibrils formed at different Larix Sibiri-
ca Wood Extract concentrations: 10mM phosphate buffer (pH = 7.4), 20°C.

The duration of the fibril formation process was 24 hours.

The preparation was stained in 1 % phosphotungstic acid and 1 % uranyl acetate.
A — control preparation; B — 0.00001 %, C — 0.0001 %, D — 0.001 %, E — 0.01 %,
F — 0.1 % Larix Sibirica Wood Extract. The bar represents 130 nm
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Fig. 5 Microcalorimetric curves for collagen (0.1 mg/ml) melting in the presence of
Larix Sibirica Wood Extract at different concentrations. The preparation was made
in a 10mM phosphate buffer (pH = 7.4) at 20°C

Larix Sibirica Wood Extract Temperature of Half-width of
% collagen melting, Tm (°C) transition, ,,, (°C)
0 52.0 3.2
0.00001 52.0 3.2
0.0001 525 2.1
0.001 53.5 2.2
0.01 55.8 2.3
0.1 56.7 1.0

Table 1 The thermodynamic parameters of collagen fibers assembled in 0.01 M
phosphate buffer at 20°C and pH 7.4
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higher than 0.0001 % leads to an increase
in the phase transition temperature and
narrowing of the heat absorption peak
in collagen fibrils. This is indicative of
both collagen fibril stabilization under
such conditions and increased phase
transition cooperativity.

The second series of experiments was
conducted to study the effect of fibril
formation temperature upon the ther-
modynamic characteristics of collagen
fibrils formed in a 0.01 M phosphate
buffer (pH = 7.4, 37 °C, 24 hours) in the
presence of Larix Sibirica Wood Extract
at different concentrations. The results
of the experiments are shown in Fig. 6
and in Table 2. It follows that adding Lar-
ix Sibirica Wood Extract at concentra-
tions of 0.0001 % and higher leads to a
considerable increase in the fiber melt-
ing temperature as compared with the
individual collagen molecule melting tem-
perature. It also leads to forming a nar-
row peak in collagen fibrils' heat ab-
sorption, and similarly to the experi-
ments at 20 °C the cooperativity of the
phase transition increases considerably
when the Larix Sibirica Wood Extract
concentration is increased. Thus, the ex-
tract promotes the fibril formation
process and leads to a more uniform fib-
ril arrangement as compared with the
control.

[t should be noted that at 37 °C and phys-
iological values for pH and ionic force of
the medium adding Larix Sibirica Wood
Extract at concentrations of 0.0001 %
and higher leads to a significant increase
in the temperature and cooperativity of
the collagen fibril melting process. Thus,
the stabilizing action of Larix Sibirica
Wood Extract at 37 °C is considerably
stronger than it is at 20 °C (Fig. 6).

® Conclusion

When analyzed the results of the study
of interaction between Larix Sibirica Wood
Extract and collagen obtained using a
variety of methods point to two impor-
tant facts, namely, the appearance of
fluorescence of the preparation under
study and the acceleration of fibril for-
mation.

At 37 °C and physiological values for pH
and ionic force of the medium Larix Si-
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Fig. 6 Phase transformation temperature for collagen fibrils versus Larix Sibirica
Wood Extract concentration (in the process of fibril formation in a 0.01 M phos-

Larix Sibirica Wood Extract Temperature of Half-width of
% collagen melting, Tm (°C) transition, ,,, (°C)
0 48.3 2.8
0.00001 49.3 1.8
0.0001 52.6 2.3
0.001 555 2
0.01 60.3 1.9
0.1 61.9 1

Table 2 The thermodynamic characteristics of collagen fibers prepared using a
0.01 M phosphate buffer (pH 7,4) at 37 °C for 24 h

birica Wood Extractleads to a significant
increase in the temperature and cooper-
ativity of the collagen fibril melting
process. It should be remembered that
Larix Sibirica Wood Extract consists of
flavonoids, phytogenous substances be-
longing to polyphenols, that have posi-
tive effect upon human health due to
their antioxidant, capillary protective,
hepatoprotective, cardioprotective prop-
erties and are substantial components of
vegetable foods. Therefore the extract
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can be used not only as an ingredient in
cosmetic and dermatologic preparations,
but also as a dietary supplement (the
»beauty from inside« concept).

The raw material for cosmetics Flavo-
con® won general recognition at the in-
ternational BSB European Innovation
Prize contest for innovation in the area
of ‘cosmetics raw materials’ where we
were placed third (the prize was award-
ed on April 17 at In-cosmetics 2007 in
Paris).

References

(1) Williams R..J., Spencer J.PE., Rice-Evans C. [/
Free Radical Biol. Med. 2004. V. 36. P. 838-849

(2) Ross JA., Kasum C.M.[| Annu. Rev. Nutr. 2002.
V.22.P.19-34

(3) Rietjens I.M.C.M., Boersma M.G., Woude van
der H.etal.// Mutation Res. 2005.V. 574.P. 124~
138

(4) Voet D., Voet G.V. Biochemistry. 2" ed. New
York: John Willey&Sons,Inc, 1995

(5) Darnell J., Lodish H., Baltimore D. Molecular
Cell Biology. 2" ed. New York: Scientific Ameri-
can Books, Inc., 1990

(6) Holmes DF, Graham HK, Trotter JA, Kadler KE.
STEM/TEM studies of collagen fibril assembly.
Micron 2001; 32(3):273-285

(7) Tictopolo E.I, Kajava A.V. Denaturation of type
1 collagen fibrils as as endothermic process ac-
companied by a noticeable change in the par-
tial heat capacity. Biochemistry 1998; 37:8147-
8152

(8) Sengupta B, Sengupta PK. The interaction of
quercetin with human serum albumin: a fluo-
rescence spectroscopic study. Biochem Biophys
Res Commun 2002; 299(3):400-403

(9) Dufour C, Dangles O.Flavonoid-serum albumin
complexation: determination of binding con-
stants and binding sites by fluorescence spec-
troscopy. Biochem. Biophys.Acta. 1721,1-3,
2005

Authors’ addresses:

* Maxim A. Egorochkin

Nailya A. Vasilyeva, Irina V. Dyachenko
Bioflavon Ltd

Obninsk

Russia

Email: info@bioflavon.com

**Yuri A. Kim, Doctor of Science
(Math. and Phys.), Professor

RAS Institute of Cell Biophysics,
Pushchino, Russia

Yuri S. Tarakhovsky, Doctor of Science
(Biology)

RAS Institute of Theoretical and
Experimental Biophysics

Pushchino, Russia

SOFW-Journal | 133 | 11-2007



	Schaltfläche: 


