e

polarized structure. Cells will lose their polarization and consequently the polarity of the structural
orientation of tissue ensemble will disappear. In this case cells become independent from each other
and receive the capability to get free from the tissue “prison”. This may be one of reasons of the
metastasizing processes.

Thus, all of epithelial cells display extensive keratin filament frameworks around which the
cell shape and polarity are defined. The primary cytoskeletal components in vivo regulate and affect
the interaction of epithelial cells and extracellular matrix developing the oriented structure of the
whole tissue and at the same time in which flexible extracellular matrix is transformed into fibrillar
matrix. Our results propose also the regulatory role of metal content in matrix assembly.

So the hair tissue has to be considered as the structural continuous organization providing the
resistance to mechanical stresses externally applied to the tissue. Mutations that weaken this
structural framework and any exogenous factors that change the extracellular matrix increase the risk
of cell rupture and cause a variety of human disorders.

The work was supported by RFBR grants No. 97-04-49237 and No. 99-02-17879.
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THE X-RAY DIFFRACTION STUDY OF HAIR
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X-ray diffraction investigations of human hair were carried out using SR of VEPP-3 and
the X-ray generator with rotating anode GX-20 (Pushchino). The stretching frame construction
for hair clamping was used (fig. 1)

Middle ring Narrow grooves of Inner ring ensure hair ‘ The hair X-I'ay pattern is fibre

L3 bundie arrangement diffraction  pattern:  the  meridional

" mm;gvsm:ﬂ.?ﬂmm reflections are due to supercoiling of the o-

e helical bundle packing in the keratin

ntermediate filaments (IF); the equatorial

reflections, elongated parallel to the

equator, give a diamond-shape appearance,

@ =um :eﬁ::':;:;‘l:’;";"f.:::kﬁ,w;ﬂz such a shape may arise from helical twisting

~Quewdng /N ﬁ::ﬂ:ﬂ?:ﬂ:::::f::ﬂfm and correspond to the cylindrical Fourier-

hairs from the root region to the tip  transform of an a-helical bundle. There is a

slight trace of arcing across the equator that

Fig. 1 ‘ corresponds to a molecular spacing of 4,5

nm; spacing of this reflection is not

variable, but angular size of this arc (texture) and arc width can increase so that the diffuse arc

will be transformed into the full diffuse ring with its higher orders. The X-ray patterns with a
slight arc was called as “no ring” one and those with rings was called as “#ing” one.

A set of diffraction patterns from “no ring” to “ring” can be obtained from the hairs of the

individual donor by scanning along the sample point by point from the root region to the tip at

5+100 mm interval making approximately n=5+15 images per sample depending on the lengths

of hair (hair age). In this case the law of conservation of intensity for this set of diffraction

patterns wasn’t realized (fig. 2):
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_[ Li(s)ds < I L.i(s)ds < _{ I,(s)ds
It was shown that there were donors whose hairs did not
give the “ring” X-ray pattern from the root region to the

tip. In this case the law of conservation of intensity is
realized always:

[ 1@as= | Lu@ds= [ Leds
Therefore, there are two different types of donors marked
by us as “C” (constant) and “V” (variable). For “C”-type

I I°(s)ds = const along the hair length; this integral is
variable for “V”-type and is a function of the hair length L:

I IV(s)ds = AL). AAL) increases from the root region (Lo)

to the tip (L,). For every i-donor df{L)/dL is individual. It
is necessary to note that for any donor fi(Lg has got

approximately the same values and similar to j I°(s)ds .

X-ray diffraction data allow us to suppose the two-
component structural model of hair tissue, which consists
of flexible component of extracellular matrix (ECM) in
series with inflexible component of keratin intermediate
g filaments. The X-ray pattern of the two-component

Fig. 2 structural model can be considered as a result of

superposition of two separate diffraction patterns of IF and ECM. In this case scattering intensity
of hair Iy(s) can be represented as a sum of the intensities of scattering of intermediate filament
Ii(s) and extracellular matrix Igcm(s): Lu(s) = Ii(s) + Ieom(s). Fig. 3 shows the diagrams of

L= Iy + Ly

Iy Tyw
Ly

‘.’\'“Il' “no ring”

o \ / véht | a

) 2

I, Qwi

Fig. 3 Fig, 4

diffraction patterns of hair samples “V” and “C” (“ring” and “no ring”) as a superposition of two
diffraction patterns due to Iy and Izcum.

The soaking of “no ring” type hair in solutions of heavy metal salts (AgNO;) after preliminary
washing in chloroform results in modified X-ray pattern and the appearance of the significant
intensity ring becomes evident (“ring” type). Fig.4 (a, b) shows X-ray diffraction patterns of two Ag-
derivates for “C” and “V” types of hair; X-ray patterns display the higher orders of 4,5 nm spacing:
2,33 nm; 1,56 nm and 1,24 nm.
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’ The model diagram of ECM (fig. 3, bottom level) vt et by
completely coincides with X-ray pattern of concentrated solution

of glycoproteins produced by epithelial cells of gastrointestinal
tract. During last 15 years we have been studying the structure of
glycoproteins by X-ray small-angle diffraction [L.Zheleznaya et
al., Nanobiology (1992) 1, 107-115], fig. 5 presents the X-ray
pattern of glycoproteins. The strong higher orders of Ag-derivate
arise from increasing electron density due to electrostatic
interaction of heavy metal ions with multiple anion groups of
polysaccharide chains. It is necessary to note that the derivates of
heavy metals are not isomorphous: the positively charged metals
transform the configuration of glycoproteins from fibrillar
structure to random-coil one. In this case the equatorial diffuse arc
will be transformed into the full ring with its higher orders.

Fig. 6 demonstrates two types of X-ray diffraction
patterns of hair with their diagrams. It is evident that “ring”
X-ray pattern is superposition of diffraction patterns of “no
ring " type and of glycoproteins. Hair is a very suitable model
for study of normal and pathologic tissues and interactions
among tissue structural elements.

The work was supported by RFBR grants No. 97-04-49237 and
No. 99-02-17879. '
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X-ray diffraction and fluorescent investigations of human hair were carried out using SR of
VEPP-3 and the small-angle techniques [1]. The X-ray patterns were classified into two groups
according to the appearance or non-appearance of the diffuse 4,5 nm ring. X-ray patterns with the
weak equatorial arc at spacing 4,5 nm were called “no ring” and those with rings were called “ring”
one. We have shown that X-ray patterns obtained from the near-root segment of hair always belong to
“no ring” type of patterns [2].

“No ring” patterns for most donors are transformed to “ring” patterns via intermediate ones by
scanning along the sample point by point from the root region to the tip. In this case the law of
conservation of integral intensity for this set of diffraction patterns wasn’t realized. (fig.1a-d). Small-
angle X-ray scattering (SAXS) shows the central region of diffuse scattering: equatorial streak and
central diffuse disk. There is an evident correlation between the intensities of streak and disk
depending on intensity of diffuse ring 4,5 nm. The transformation from the equatorial streak to the
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circular symmetrical disk (d) takes place via intermediate forms of intensity distribution where 6-fold
rotational symmetry (b, ¢) is evident. ,

The X-ray fluorescent clement analysis study has shown that there are some changes in
element contents along the hair from the root region to the tip for donors with “ring” type of hair.
There is a definite correlation between contents of Ca-Br in donor’s hair and their X-ray fibrillar
diffraction patterns (fig. 2).

There is a class of donors whose hair always give X-ray patterns without ring throughout the
hair length. We call such diffraction patterns as “ring free” ones. In this case the law of conservation
of integral intensity is realized. The X-ray fluorescent element analysis study has shown: there are no
changes in element contents along hair for “ring free” type donors; but there are some changes in
element contents along the hair from the root region to the tip for donors with “ring” type of hair.

For “ring” type of hair the distribution of clement contents along the hair has bimodal
character: the first pool with low element contents has got narrow distribution of element
concentration, and the distribution for the second pool with higher element contents is wider.

The correlation between the character of X-ray patterns and the element contents for Ca, Sr
and Br was shown: for “no ring” type - low Ca and Sr concentration and high Br concentration; for
“ring” type — high Ca and Sr concentration and low Br concentration.

We were lucky to show that a prolonged soaking of hairs in 1M CaCl, at pH 10-11 could
transform the hair sample initially giving a typical “ring free” X-ray pattern in such a way that it was
able to produce the “ring” X-ray pattern (fig. 3).

Four different X-ray patterns of human hair

no ring ring

Fig. 1

Content of Ca(x450) & Br in hairs of 30 donors from Novosibirsk&Pushchino

N Ca
X-ray diffraction 1 Br
12 4"no ring " patterns . “ring" patterns
L
% 8
4

0.—
012345678289 1011 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
donor N

Fig. 2

The sensitivity of X-ray diffraction patterns to various reagents and heavy metals is presented
in table.
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Two

different
patterns were obtained
from proximal and

X-ray

Two different X-ray
patterns were obtained
from the same segment

distal fragments of hairs of hairs in native state
of individual donor. and after soaking in
CaCl, solution.
Fig.3
Change of intensities of different reflections
Reagents ring 4.5 diffuse small- | meridional | equatorial
nm angle scattering reflection reflection
disk streak

Ethanol 0 0 0 0 0

Chloroform 0 + + - +

100% Acetone - 0 0 - -

Hydrogen peroxide 30%H,0, 0 0 0 0 0

8M Urea 0 0 - - - -

b-mercaptoethanole - + + .- .

0,6M AgNO; +E - + ¥

0 + : +
1,2M AgNO; ++ ++ + ++

0 3 - +
0,6M AgNO; after +4 pebe et -+
chloroform + ++ + ++
1,2M AgNO; after -+ +-+ +H+ +++
chloroform ++ ++ ++ 4+

Paint shampoo + + + +

Tinting “Ursul” (Au, “ring + + +

| Ag, Cu) free”

Permed liquid “ring 0 0 0 0 0
free”

IN HCI “ring” 0 0 0 0 0

NaOH pH 10-11 “ring 0 0 0 0 0
free”

IM CaCl, pH 5 “ring” 0 0 0
“no + +
ring”

“ring 0 0 0
free”

1M CaCl, pH 11 “ring + -
free”

SmM EDTA “ring” 0 0 0 0 0

‘0’ - no change,
‘+’ - weak increase,

‘++’ - strong increase,

‘+++’ - very strong increase,
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‘- ‘- weak decrease,
‘- - f-strong decrease




We have shown that the origin of diffuse ring (4,5 nm) is not “lipid” but most likely the
glycoprotein one.
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SJIEMEHTHBIA POA-CU AHAJIN3 BOJIOC U EI'O KOPPEJISILIUS C
PEHTTEHOAU®PAKITHOHHBIMU HCCIENOBAHUAMU
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' Hncmumym neopeanuveckoi xumuu CO PAH, Hoeocubupcxk
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ObHapyxeHO, YTO IS KaKIOro 3neMeHTa Habmiozaercs OMMOanbHOE paCIpeieieHHe
KOHIEHTpauui mo ofpasuam somoc. Ilpumpona OGHMOZANBEHOCTH OCHOBBIBAETCS HA CIECAYIOMIAX
nyskTax: B 1-i myn Bxozar oOpasmsl ¢ MAHHMANBHBIM KOJN-BO KajbIWsi, CTPOHLHS H T.I., YTO
COOTBETCTBYET MX BHYTPHKICTOMHOMY ICPXKAHHIO. JTH SJIEMEHTHl ONPEAENAIOTCS [OMEOCTa30M
KJICTKH, 3TA BEIMYHHA MEHAeTcs Mano or obpasua x ofpasmy, T.e. OHa HMHBapHaHTHA. 34eCh
HabmomaeTcs y3kad M30MpaTeNEHOCT: KIETKA 1O 37EMEHTaM, KOTOpbie HEOOXOAWMEI TOMBKO IS
camoi kierkd. Bo 2-# myn BxoaaT obpasisl, EMeromue ropasno 6onee BHICOKHE KOHLEHTPALHHA H
Gonemee pazHooOpasye 3MEMEHTOB, T.K. OHH COPOMPYIOTCS BO BHEKICTOYHEIH MAaTPHKC, KOTOPHIH HE
NOJ KOHTPONEM KIIETOYHOH PEry/slHH, HO OTPAXKAECT HATMYHE JIEMEHTOB B IOTE, KPOBH, B KOXE,
TaKKe METaJUTBl BHEIIHEH cpefpl. B 3TOM MaTpHKce B3aHMOJECHCTBHE C 3JIEMEHTAME HecmelH(HIHO
H 3aBHCHT TOJBKO OT KOJIHYECTBA MATPHKCA HA KICTKY, €ro adMHHBIX CBOMCTB H CTPYKTYPHOTO
cocrosumia. Ha Hero MoryT Taioke BIHATH 3JICMCHTHI OKPYKAOIIEH CPEABI, €CIH 3AIHTHAS MAHTHA
BONOCA (BOJIOC MOKPHIT Pa3HBIMHA KHPHBIMH KHUC/IOTAMHE - TIPOJYKTAMH CAlbHOMN JKEeIe3bl) HApyIieHa
JEHCTBHEM JETEPreHTOB - a3PO30MCH, MBIIH H T 1.

BoimonseHHbIH 3JIEMEHTHBIH PO®A-CH aHaIH3 BOJIOC KOppenHpyeT c
PEHTTeHOAH(PPAKIMOHHBIME KapTHHAMH TeX ke oOpasnos. Koppensous mexay snemenramu Ca, St
¥ Br mokassisaer:

NPHCYTCTBHE AH(PPAKIHOHHOrO “KONbLA’~ HH3KHE KOHHeHTpauaH Ca B Sr H BBHICOKHE
KOHIeHTpamu Br;

OTCYTCTBHE AM(paxmmonHOro “konsua” — Beicokne coaepxkanns Ca u Sr u muskue Br (puc.
HEDKE).

Hatizeno, u9ro (yHKOMA HHTErpana HHTCHCHBHOCTH KOHLICHTPALMH XHM. 3IEMEHTOB
MOHOTOHHO BO3DacTaeT Mo JUIHHE BOJOCa OT KOpHEeH k koHuam. Eé Bun wunauBuayameH ais
KaJKJOTO 4EIOBeKa.

Pabora B JaHHOM HanmpaBIeHWH NPOJO/DKACTCS M HOCHT HMCCIICAOBATENBCKHH MEIHKO-
OnonornvecKkuii XxapakTep.
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Content of Ca(x450) & Br in hairs of 30 donors from Novosibirsk&Pushchino
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Institute of biophysics (Puschino) participated in the works on stuty of hair for solution
biological tasks. Over 100 hair samples were measured at the elemental analysis station in oder to
determine the micro-content of 14 elements.

The distribution of the element content along the hair and/or among a great number of samples
has a bimodal character: there are two pools in the distribution of element content.

The first pool is due to minor amount of intrinsic elements of in the cell that has endogenous
origin. The second pool with the maximal level of element contents is due to the specific nature of
the extracellular matrix (ECM). The element contents in the ECM are variable and have the
exogenous origin. Two levels of protection conserve the ordered structure of hair tissue. On the first
level, cellular membranes protect the structure of cell as such. On the second one, the extracellular
matrix structure is isolated from the environment by acidic sebum protective mantle that is the
product of the sebaceous gland. There are many different detergents, for example, soap, shampoo
and other means for hair care which may strip the protective mantle from skin and hairs and let the
aggressive environment to attack the exposed tissue.

Thus, the protective mantle of skin and hair plays an essential role in metal absorption by the
ECM assembly.

An X-ray fluorescent element analysis of hair samples giving various types of diffraction
patterns is carried out. A correlation between the character of X-ray patterns and the element
contents for Ca, Sr and Br is shown:

“no ring” type - low Ca and Sr concentration and high Br concentration; -

“ring” type — high Ca and Sr concentration and low Br concentration (picture down).

The function of intensive integral of chemical elemental concentration was found monotone
increasing on length of hair from beginning to end. It is the sort the individual for every human..

Activity on this subject continued and is of both applied and investigation medicine-biological
character.
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Content of Ca(x450) & Br in hairs of 30 donors from Novosibirsk&Pushchino
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YEJIOBEKA TTPH IMTCUXWYECKHX 3ABOJIEBAHUSAX. U3YUEHME C TIOMOIIBIO
PA3PELIEHHOI BO BPEMEHH ®.JIYOPECHEHIINH.
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?) HHH pusuxo-xumuyecxoii meouyunv munzopasa PO, Mockea
?) Jla6opamopus Japc6epu, Bappunemon, Coedunentoe
Koponeecmeo

PaspelieHHas BO BPEMEHH CHEKTPOCKOMNHAS B IY4YKEe CHHXPOTPOHHOrO H3ITy4CHHS (CH) u
MetoA (IyOPECUECHTHBIX 30HJOB HCMOIB3YIOTCS IS HCCICAOBAHMA AHHAMHYCCKHX CBOMCTB
CHIBOPOTOUHOTO amsOymuna genosexa. B myaxe CH cumxporpora ®UAH C-60 u nanee Ha SRS
Daresbury 66110 06HApYX€EHO, YTO HEKOTOPHIE 3a00/EBaHMs YENOBEKA, B YACTHOCTH NCHXUYICCKHE,
COMPOBOMKNAIOTCA PE3KAM M3MEHEHHEM CBOMCTB anbOymuma. JTH H3MCHCHHA NPOABIAIOTCH Kak
HapymIeHWE B3aUMOJEHCTBHA ambOymMmAa ¢ (hIyOpPECHEHTHBIM 30HIOM K-35, crnenuuunemM K
ansOymuny. BBUTO CAenaHO NMPEANONOKEHHE, YTO HAPYLIEHHS CBA3aHBI C M3MEHEHHAMH COEKTPA
KOH(OPMALMOHHBIX COCTOSHHAN amsOymMmHa. Moneky/IIpHEH MEXaHH3M TaKHX HAPYIICHHH MOXET
ompenenaTecs  pagoM (akropos. [lamnas paGoTa MOCBAIEHA H3YYCHHMIO BAKHCHINAX W3 HHX:
B3aUMOJICHCTBHAA MEXY YYaCTKaMH anbOyMHHOBOH rno0ymsl ¥ ACHCTBHA HACHIICHHBIX JKHPHBIX
KHC/OT- BAXKHEHIIMX (PHIMONOTHYECKHX PETYAISTOPOB (yHKIAH anbOyMHHA.

[IpoBeNcHO H3MEPEHME 3AKOHOB 3aTYXAHHS HHTEHCHBHOCTH M AHH30TPOMAM (1yopecueHIH
NpH PasTMYHEIX UIHHAX BOMH HCIYCKAaHHA. AHANH3 SKCHCPHMCHTAIBHBEIX JAHHBIX C MOMOLIBIO
Pa3BHTOr0 HAMH  METOJA AMIUIMTYAHOTO  CTAaHAApTA, TO3BONHJI  BBRUICTHTH  HETHIPE
KOH(OPMALMOHHBIX ~ COCTOSHHA ~ aibOYMHHOBBIX ~ CBS3BIBAIOIIMX LCHTPOB W PAcCYATaTh
KOH(OPMAIMOHHBIH CTIEKTP- 3aCENEHHOCTE KAX/I0ro H3 KoH(opMamuonnsix cocTosHmi. [Tokasaro,
YTO KaK NpH M3MeHeHHH pH, Tak W NpH CBA3BIBAHMM C aMbOYMHHOM HACHIIUEHHBIX KHPHBIX KHCIOT
BpeMeHAa B (DYHKIMH 3aTyXaHWs ()IyOpecleHUHMH 30HAa He HaMeHsmuch. CrenoBatenbHo,
KOH(OPMAITHOHHBIE COCTOSHHS LEHTPOB albOyMHHA HE M3MEHSNUCh. OZHAKO, 3aCETCHHOCTh ITHX
COCTOSIHHI MEHSIACh CYIIECTBEHHO.

[IpuBOAATCA pa3HYHbIC BADHAHTE OOBACHEHHA PE3Y/IBTATOB H3IMEPEHHS.

Tarbana Ueanosna CuipeiiiuxoBa  syrej@sci.lebedev.ru
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