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WATER SPECIFICALLY STRUCTURED WITH HYDRATED Cg,
FULLERENES AS AN UNIVERSAL ANTIOXIDANTS AND REGULATOR OF
FREE RADICAL PROCESSES IN BIOLOGICAL SYSTEMS.

Grigoriy Andrievsky

Institute of Physiological Active Compounds, LLC, Kharkov, Ukraine.

OCOBBbIE CTPYKTYPbI BOAbI (OCB), KAK YHUBEPCAJIbHbIE
BUOAHTUOKCUOAHTDBLI, PEMYnATOPbl CBOBOOHO-PAOUKATBbHbLIX
NMPOLECCOB B BUOJIOTUYECKUX CUCTEMAX: YTO OB 9TOM
NMOBEOAIIU TMOPATUPOBAHHbLIE ®YIJIEPEHDI.
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MAIN TERMS:

- C60HyFn
HYDRATED Cg, FULLERENES

- FWS

WATER SOLUTIONS of CgyHyFn
(Fullerene-Water-Solutions)

- CLOSE BOUNDED WATER
- ORDERED WATER

- WATER CLUSTERS
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FULLERENES - VACUUM BUBBLES
WITH ABSOLUTE PHYSICAL VACUUM INSIDE

. The distance “centre to centre” between two opposite C atoms is
D=0.71 nm 0.71 nm.

If to it to add the values of two covalent radiuses of C atom (2 x

0.077 = 0.154 nm) we will receive real diameter of isolated Cg
molecule in vacuum - 0.854 nm.

It is strange, but that the diameter of Cg; molecule is equal to 1.0
nm is generally accepted currently. Why!?

FULLERENE C60

Cavity
~0.3-0.4nm

Cross Section cso

In this cavity it is possible
to place the various atoms
(A), for example, such as
Li, K, N, Kr, La, Dy, Er and

@@@@@ H,0 molecule (1).
capcay PO cmes cupr cum In this case so-called

G m% 6=6-6-6 6-6 endohedral Cg, fullerenes A@Cq
(A@Cyg) are formed. 7
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MONUMENT FOR Cg FULLEREN IN KHARKOV, UKRAINE 8
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PHYSICAL-CHEMICAL PROPERTIES OF
HYDRATED Cg, FULLERENE AND IT
WATER SOLUTIONS (C,FWS).

Evolution of Our Knowledge (1994-2004).
From an Ultramicroheterogeneous Colloidal
Dispersions to the Aqueous Molecular-Colloidal

Solutions of the Single Hydrated Cgy Fullerenes.

Additional Information see on our site:
http://www.ipacom.com/index.php/en/publications-about-c60hyfn/71
http://www.ipacom.com/index.php/en/researches/90
http://www.ipacom.com/images/Articles/c60hyfn phys chem bio prop 51.pdf

9
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The General Method of the Production of an Aqueous

Molecular-Colloidal Solution of Fullerenes Based on Transfer of
Fullerenes from Non-Polar Solvents to Polar One Under Ultrasonic

Treatment was Described in:

G.V.Andrievsky, M.V.Kosevich, O.M.Vovk, V.S. Shelkovsky, L.A.Vashchenko. ARE FULLERENES SOLUBLE IN
WATER? // Recent Advances in The Chemistry and Physics of Fullerenes and Related Materials /Edit R.S.Ruoff and
K.M.Kadish, Proc.187th Meeting of The Electrochemical Society, Reno, 16-21 May 1995, The Electrochem. Soc. Inc.,
1995, p. 1591-1602.

G.V. Andrievsky, M.V. Kosevich, O.M. Vovk, V.S. Shelkovsky, L.A.Vashchenko. ON THE PRODUCTION OF AN
AQUEOUS COLLOIDAL SOLUTION OF FULLERENES. J.Chem.Soc., Chem. Commun., 1995, 12, p.1281-1282.

In accordance with:

1). "MODE OF THE PRODUCTION OF MOLECULAR-COLLOIDAL SOLUTION OF FULLERENES IN WATER", UA
patent N29540 of 11/15/2000.
2). "AQUEOUS MOLECULAR-COLLOIDAL SOLUTION AT LEAST OF ONE HYDRATED FULLERENE", RU
patent N 2213692 of 07/16/2002.
3). "BIOLOGICALLY ACTIVE ADDITIVES" (BASED ON THE NATIVE FULLERENES), UA patent N27669 of
09/15/2000.
and

after modification and optimization of many technological parameters
now we are capable to receive

CeoFWS with Cg¢ concentration up to ~4 mg/ml (5.5 mmol/L) 10
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CeoFWS — WATER SOLUTION
of HYDRATED C4;, FULLERENE
(CeoHyFn)

http://www.ipacom.com/index.php/en/production
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CeFWS samples.
Left: mother solution containing 0.36 mM (0.26 mg/ml) of Cy,.
Right: diluted ten times with water.
The sample was presented to professor Eiji Osawa on June 30, 2003, who was performed
dilution on July 11, 2003, and photo was made on October 4, 2003. 1
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As of history of Colvin’s methods of nano-Cg, (THF/Cg)
preparation and it applications:

1.J. D. Fortner, D. Y. Lyon, C. M. Sayes, A. M. Boyd, J. C. Falkner, E.
M. Hotze, L. B. Alemany, Y. J. Tao, W. Guo, K. D. Ausman, V. L.
Colvin, and J. B. Hughes. Cg, IN WATER: NANOCRYSTAL
FORMATION AND MICROBIAL RESPONSE. Environ. Sci. Technol.,
39(11) (2005) 4307 - 4316.

2. C.M. Sayes, J.D. Fortner, W. Guo, D. Lyon, A.M. Boyd, K.D.
Ausman, Y.J. Tao, B. Sitharaman, L.J. Wilson, J.B. Hughes, J.L.
West, and V.L. Colvin. THE DIFFERENTIAL CYTOTOXICITY OF
WATER-SOLUBLE FULLERENES. Nano Lett., 4(10) (2004) 1881 —
1887.

3. Oberdorster, E. MANUFACTURED NANOMATERIALS
(FULLERENES, Cg) INDUCE OXIDATIVE STRESS IN BRAIN OF
JUVENILE LARGEMOUTH BASS. Environmental Health
Perspectives, 112 (2004) 1058—-1062.

4. S. Deguchi, R. Alargova and K. Tsuijii, K. STABLE DISPERSIONS
OF FULLERENES, Cgy AND C5,, IN WATER PREPARATION AND
CHARACTERIZATION. Langmuir, 17 (2001) 6013-6017.

5. G.V. Andrievsky, V.K. Klochkov, L.I. Derevyanchenko. IS Cg
FULLERENE MOLECULE TOXIC?! Fullerenes, Nanotubes and
Carbon Nanostructures, 13 (4), (2005) 363-376 (before publication
this article it was rejected by Nano Lett., J. Med. Chem., Science
News and Nannotechweb).

6. T.B. Henry, E.J. Petersen, R.N. Compton. AQUEOUS
FULLERENE AGGREGATES (nCgy) GENERATE MINIMAL
REACTIVE OXYGEN SPECIES AND ARE OF LOW TOXICITY IN
FISH: A REVISION OF PREVIOUS REPORTS. Current Opinion in
Biotechnology, 2011 (doi: 10.1016/j.copbio.2011.05.511). 13
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List of Basic Methods Used for Investigation of Chemical-Physical
Properties of Molecular-Colloidal Solutions of Hydrated Fullerenes
(HyFn) in Water == FWS (“Fullerene-Water-Solution”).

1.  Transmittance Electron Microscopy (TEM)

2. Scanning Tunneling Microscopy (STM)

3. 2°>Cf-Plasma Desorption Mass Spectrometry  (PD MS)

4. "3C Nuclear Magnetic Resonance (*C NMR)
5.  Spectroscopy in UV-Vis and Near IR Region (UV-Vis)

6. IR Spectroscopy (including FTIR and SEIRA in Reflectance Mode)
7. Luminescence Spectroscopy (including at Helium Temperatures)

s. Electron Paramagnetic Resonance (EPR)

o0. Small-Angle Neutron Scattering (SANS)

10. Dynamic, Rayleigh, Raman and Brillouin Light Scattering (DLS, etc.)
11. LT Differential Scanning Calorimetry (DSC)

12. Piezogravimetry

13. Macro- and Micro-Electrophoresis

14. Ultracentrifugation and Ultrafiltration

15. Atomic Absorption Spectrometry

16. TL-, GL- and lon Exchange Chromatography

17. Coagulation and another Techniques of Colloidal and Organic Chemistry.
18. Molecular Dynamics Simulation.
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The Images of Cg, Aggregates Adsorbed on the Monocrystalline
Graphite Surface from C4FWS and Observed by Scanning
Tunneling Microscopy (STM)

(in nm scale)
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The Images of Cg
Aggregates Adsorbed on
the Monocrystalline
Graphite Surface from
CeoFWS and Observed by
Scanning Tunneling
Microscopy (STM)

(in nm scale)

The secondary associates ( ~7.1 nm)
consisting from first spherical clusters (~3.4 hm)

that contain 13 individual C¢gHyFn
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The Electron Micrograph
with ‘Vague’ Zones

Transmission Electronic Micrographs (TEM)
of C¢o ColloidaParticles Precipitated from C¢,FWS

G.V. Andrievsky, V.K. Klochkov, E.L. Karyakina, N.O. Mchedlov-Petrossyan. STUDIES OF AQUEOUS COLLOIDAL SOLUTIONS OF
FULLERENE C¢ BY ELECTRON MICROSCOPY.. Chem.Phys.Lett., 300 (1999) 392-396.

17
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Transmission Electronic Micrographs (TEM) CGO
particles sorbed from C4,FWS on graphite thin film

18
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Transmlssmn Electronic Mlcrographs (TEM) Cg,
particles sorbed from C4FWS on graphite thin film

In:

G.V. Andrievsky, V.I. Bruskov, A.A.
Tykhomyrov, S.V. Gudkov.

PECULIARITIES OF THE
ANTIOXIDANT AND
RADIOPROTECTIVE EFFECTS OF
HYDRATED Cg, FULLERENE
NANOSTUCTURES IN VITRO AND
IN VIVO.

Free Radical Biology & Medicine,
47 (2009) 786-793

19
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The electron micrograph of C,, fullerene aggregates
after coagulation C,,FWS with NaCl

"...The C,,FWS are shown to
be the
ultramicroheterogeneous and
polydisperse systems
containing spherical
structures (from ~1.5 to 72
nm). By analyzing the sizes of
these structures, it was
revealed that their diameters
regularly rise within the range
from 3.4 to 36.0 nm and are
equalto 3.4, 7.1, 10.9, 14.5,
18.1, 21.8, 25.4, 28.8, 32.4,
36.0 nm....."

Diameters of CgoHyFn Associates Rise Regularly Within the Range from 1.6 to 36.0 nm and are Equal to

1.6, 3.4, 7.1, 10.9, 14.5, 18.1, 21.8, 25.4, 28.8, 32.4, 36.0 nm 20



(*;iiw | P EA C F PH "ﬁmmcm. ACTIVE COMPOUNDS

252Cf-Plasma Desorption Mass Spectra of Cg, Samples

Precipitated from Its Toluene and Aqueous Solutions.

200

720.7, 100 +
[C60]+ 720.7,
I 150 1 80 [Cool
o o
n n
60 |
€ 100 c
o o 696.6,
u u 40 | [Ceo-2CT"
n 696.6, n
t [Cso-2CT t
s 0 672.5 \ s o725,
[cmi‘icr\ 20 4 [Coo-4CT N\
o Kbt W st
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
m/z, a.u nyz a.u.
Ceo from toluene solution Ceo from CgoFWS

21
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22Cf PD mass spectrum of 13C enriched Coo
from benzene solution
_ 1500 - 720.8
s [“Ceol "
= 1000 - 88% 764.,5
o [FCaCial”
500 - 12%
> /
0 ,MMMMMMLMMMM
450 550 650 750 850 950
m/z
252 13 .
CfPD mass spectrum of “C enriched Cg,
from water solution ( = C4,FWS)
900 -
v 720,4
=
= 600 -
o
S 764.,4
= 300 -
= /
o MWMM'MMMMMM&
450 550 650 750 850 950
m/z 22
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FT-IR Spectra (in the Reflectance Mode ) of Equal Amounts of Cg,
Precipitated from C,,FWS and ChH

0,9+ é rsg
g" 0.8
S
z 7
5 .
] CaoFWS
0o ’@ lﬁ | é Lt G.V. Andrievsky, V.K. Klochkov, A. Bordyuh,
8 | ® | G.l. Dovbeshko.
ot " | COMPARATIVE ANALYSIS OF TWO
Wavenumber, cm’' AQUEOUS-COLLOIDAL SOLUTIONS OF Cg
102 s : ; : FULLERENE WITH HELP OF FT-IR
1 chH i REFLECTANCE AND UV-VIS
] - SPECTROSCOPY.
5 | 5 -~ Chem. Phys. Letters, 364 (2002) 8-17
8 oo | 8 2 I
- :
E 1 CeFWS |
OW‘W
g 8 '
" 4500 14'00 13'00 12'00 11loc: 1000 23

1
Wavenumber, cm
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-OH, bend, m, w
1340-1420 cm-!

Crystal water, bend
1615-1630 cm™"

-OH stretch, s.
(bonded water)

3300-3500 cm-"

24
Proff. V. Senyavin and Proff. M. Korobov. Chemistry Dept., Moscow State University, Russia, December, 2001

WAL IDRICOM COoHm
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13C NMR Spectra of '3C Enriched Cg, for:

A - FWS = Aqueous Solution of Hydrated Cg, Fullerene
[Ceo]l = 0.2 mg/mi

B - Solution of C;, Obtained after FWS Drying and further
Redissolving of Precipitate
in Organic Solvent (CDCI,/CS,, 1:1 v/v);
[Ceo]l = 0.2 mg/mi

No signals

S.R. Wilson, K.S. Reinhard. New York University, Chemistry Department, July, 2004. 25
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UV-VIS Adsorption Spectra of Cgo in:

CsoFWS - polydisperse aqueous solution of hydrated Cgo fullerene;

ChH - typical hydrophobic and monodisperse (~70 nm) Cgo colloid;

And Cgo in n-hexane solution.

For comparison, the same Cg,

257 . . Coy in n-hexane absorption bands have:
- / 1. In n-hexane solution - A,y = 329 nm
2" .';: :,'”‘\.\ 11 and €=51000 dm’-mol™.cm™;
05 2. In ChH - Amax = 340 nm
15+ . and & =14 000 dm’.mol".cm™;

200 400 600 3. In C4FWS Amax= 343 nm

and €= 68 000 dm’.mol.cm™

Absorbance

Two new bands For C4FWS the linear dependence of the

optical absorbance from the Cg

05T
concentration (3-4 000 pM and more) is

strictly valid (the Beer-Lambert law)!!!

200 250 300 350 400 450 500 550 600 650 700

A (nm)

G.V. Andrievsky, V.K. Klochkov, A. Bordyuh, G.I. Dovbeshko. COMPARATIVE ANALYSIS OF TWO AQUEOUS-COLLOIDAL
SOLUTIONS OF Cg, FULLERENE WITH HELP OF FT-IR REFLECTANCE AND UV-VIS SPECTROSCOPY. Chem. Phys. Letters, 364

(2002) 8-17 26

: WWAWLIPACOM .COMm
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UV-VIS ABSORPTION SPECTRA OF Cg, SOLUTIONS
IN WATER:

CeoFWS is not typical
hydrophobic, light-scattering

0.0 T T T T i co I I o i d .
200 300 400 500 600 700
A (nm)

In C¢,FWS absorption spectra
(a) CgFWS =Molecular-Colloidal Solution of Hydrated Cgy Fullerene

(received at 3.5<pH<12.5); : H - . "y o
(b) Typical Hydrophobic Cg Colloids (received at pH< 3,5). In VIS and Near IR reg ion It IS

not revealed the component

Absorption spectra of FWS with various Cg concentrations (from

0.01 to 39 ML) in Visible and Near-IR Region (5 cm cell). connected with Iight Scattering
op. 2 on nanostructures both singl

) CeHyFn, and small (3.4 - 36 nm)
0.8
0] CeHyFn associates.
0.4
0.2
0.0 : , : e

550 650 750 850 950 1050

A (am) 27
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Experiment title Proposal No.
B N C Structure and Stabilization Mechanism of SANS

Unmodified Fullerene Water Solutions by LZMIEJZTM
Experimental Report | SANS '

Principal proposer Date of
A. Khokhryakov, Joint Institute for Nuclear Research, Dubna, Russia BRI

Experimental team Oct 2005
M.V.Avdeev, V.L..Aksenov, L.Rosta f{m P
ay 2006

Objectives

Previous studies of the coagulation dynamics with inorganic salts in unmodified
fullerene water solutions (FWS) [1] showed that these systems exhibit properties
of typical hydrophobic colloidal systems. Our first experiments on the UV-Vis light
absorption confirmed this fact and revealed that coagulation depends strongly on
temperature and concentration of the coagulative ion, as well as on the age and
origin (preparation procedure) of the sample. In the beginning of the coagulation
process light absorption curves show an increase in the intensity which we
connect with the scattering from growing colloidal particles. The aim of SANS
experiments was to detect changes in the shape and size of colloidal particles in
FWS following the coagulation. Also, the ageing effect and the influence of the
preparation procedure on the coagulation were of current interest.

“] Fig. 1
prs = 300mkM Change in the SANS curves during
C =450mM the coaqulation of the FWS system
- Nacl after NaCl is added. No growth of
ia t = 6 hours the scattering intensity is observed.

Future prospects

GICAL ACTIVE COMPOUNDS

Results

In contrast to UV-Vis light absorption the small-angle neutron
scattering (SANS) experiments on coagulating systems (e.g. in Fig.1)
do not show any particle size growth, which testifies the formation of
quite loose structures of particles during their coalescence. One can
assume the presence of quite large water layers around initial
particles which, then, are included in the aggregate structure. In this
connection, the most probable stabilization mechanism of FWS is the
formation of weak donor-acceptor complexes Cgo-(H,0),..

During the long period of time (up to 1 year) the effect of sample
ageing is observed for FWS with respect to the coagulation dynamics.
Colloidal properties of the system are significantly modified. The
system approaches the more rigid state and coagulates much slower.
Along with it, the SANS method, again, does not detect any difference
in the structure of colloidal particles. Experimental curves. completely
repeat the data of earlier investigations [2]. The possible explanation
is a weak particle aggregation in time, which is, however, cannot be
resolved by SANS because of large size of secondary aggregates.
Finally, several samples prepared by other techniques

[3] were investigated. In addition to the main steps of the solvent
substitution method [1] long-range sonication and ozonation were
used. The initial solvent was toluene. The maximal concentration of
fullerene dispersed in water in this case is about an order lower (20-40
mkM) than in solutions prepared by the basic procedure [1]. Small-
angle neutron scattering does not shows any principal difference in
the structure of particles on the nanoscale in all solutions after
normalization on concentration.

Note that sensitivity of SANS method is less than 2 nm.

“‘mkM = microM”

The formation of unexpectedly large solvation shell which retains its structure during coagulation is of

I(q). sm

References

further interest. Spectroscopic experiments with the purpose of evaluation of binding energy of the water
molecules with the Cg, molecule are discussed.

1. G. Andrievsky, M. Kosevich, O. Vivk, et al., J. Chem. Soc. Chem. Comm. 1995, 1281.
2. M.V.Avdeev, A.A.Khokhryakov, T.V.Tropin et al., Langmuir 20, 2004, 4363
3. P. Scharff, C Sigmund, K. Risch et al., Fullerenes Nanotubes Carb. Nanostruct., 13, 2005, 49
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Photoluminescence spectra C¢,FWS contain two components: (1) — ‘red’ band of
Usual luminescence of Cg, and (2) - a wide ‘blue-green’ band of an Unusual
(‘Additional’) luminescence, which is absent in spectra of crystal samples of Cg!!!

FWSC,, 200 UM/l Exciting lager
Usual wavelength 4880 E

luminescence
=L "Additional”

luminescence

Raman spectrum
of water

1
\
1
1
\
1
1
1
\
\

G.V. Andrievsky, A.A. Avdeenko, L.l. Derevyanchenko,
V.l. Fomin, V.K. Klochkov, V.S. Kurnosov, A.V.
Peschanskii.

PECULIARITIES FOR LUMINESCENCE IN SYSTEMS
WITH FULLERENE Cg,-WATER INTERFACE.

In “Spectroscopy of Emerging Materials” eds. E.C.
Faulques et al.,. NATO Science Series Il: Mathematics,
Physics and Chemistry, Kluwer Academic Publishers in
2004 and Springer Netherlands, 165 (2005) 151-160;

doi: 10.1007/1-4020-2396-0_12
(http://www.springerlink.com/content/r12368n382x37627/)

—— e e o

12000 14000 16000 18000 20000 22000
WAVENUMBER, cm”

Here is an example of a spectrum correction by means of

exclusion of the contribution of water Raman spectrum.

29
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FWS C,, 400 pMi Exciting laser
Usual wavelength [E]
luminescence
"Additional"
luminescence 6328

A ‘
M 5145

N& 4965

INTENSITY, arb. un.

P TR o

\\E765

: 4416

12000 14000 16000 18000 20000 22000

WAVENUMBER, cm”

INTENSITY, arb. un.

12000 14000 16000 18OOOI 20000 22000

YSIOLOGICAL ACTIVE COMPOUNDS

FWS C,, 200 pM/l
Usual "Additional"
Iummescence luminescence
Exciting laser
wavelength [E]
.h 5145
N\
N
P
"mli" —
4880
.
4765
| }"‘\-_Al A

WAVENUMBER, cm”

Spectral position of the “unusual” luminescence band maximum depends on the exciting laser

wavelength. This phenomena seems to be similar to Raman process and not usual for a luminescence.

30
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Usual C,, luminescence band
H,O stretch modes
Raman scattering band

Exciting laser
wavelength [E]

But it isn’t true entirely. Full experimental spectra without
subtraction of the water Raman spectrum clearly show
that the shift of the observed “unusual” luminescence
band doesn’t exactly follow the exciting light frequency, as
it must take place for Raman process. Position of

Raman band of water stretch modes clearly shows this

discrepancy.
And what is more, it was checked that for exciting light
wavelengths shorter than 430 nm the shift of the

“unusual”’ luminescence band comes to a halt.

So, the “unusual” luminescence is unusual twice.

15000 18000
WAVENUVBER, cm’

31
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Usual Exciting laser
J luminescence I wavelength 4416 E

"Additional"
luminescence

Cs, single crystal

) 1

| ]

YSIOLOGICAL ACTIVE COMPOUNDS

FWS C,, 200 i1 /

C,., 600 LVIT
nzene solutio

] 1 ] 1 A Lo

M“:.‘:‘,:,,:::,:.,,‘, L . '
12000 14000 16000 18000 20000 22000

Raman spectrum
of a pure benzene

al

WAVENUMBER, cm”

Comparison of luminescence spectra of

+ a Cq4, single crystal,

* Cqo FWS,

+ and Cg, benzene solution

had shown presence of an “additional” or
“‘unusual” very wide luminescent band in the
middle of the range of visible light only in

water contained system.

It was a surprise!

Note: Here the spectrum of Cgy, FWS is shown after

the subtraction of the Raman spectrum of water.

32
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Exciting laser
Usual
. wavelength 4416 E
luminescence
_ "Additional"
Cq, single crystal | juminescence

Cy, thinfilmon
mica substrate
immersed in water

INTENSITY, arb. un.

spectra of Cg, single crystal and Cg, thin

Unfortunately the experiments with Cg,
films on mica was irreversible. After the film
was immersed in water and then it was
subsequently dried, even at vacuum and

heating up to 170 °C during several hours,

Dlry C thlin film oln mica |
(ex0|t| ng k—4880 E)

its initial state was not restored.

The dried film showed presence of

“‘unusual’ luminescent band like as in

12000 14000 16000 18000 20000 22000

WAVENUMBER, cm”’

The film is enough thin and maybe enough porous.

Comparison of photoluminescence

solid film deposited in vacuum on mica
substrate in the conditions of initially

dry and immersed in water.
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Exciting laser

/‘I Usual I wavelength 4880 E
uminescence

_ "Additional"
_ G, single crystal

Cg, thinfilmon
silicon single crystal
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luminescence
/w,\'

|

\‘LJ initially dry
NI Y W PV

Mo dried aﬁcﬁ immersing
1 1 1 -~L-J dh . |

Another solid state fullerene samples were
prepared by deposition in vacuum on silicon
single crystal substrate. The films were thicker,
than in the case with mica, and had optically
perfect surface. Their immersing in water and
subsequent drying had shown reproducible

character of the spectra.

Also, it is important that contact angle
for water droplets on these Cg, crystal

films is equal to 90-95°!!!
(Proff. M.V. Korobov. Chemistry Dept., Moscow State
University, Russia, May 2003 )

12000 14000 16000 13000 20Q00 22000

WAVENUMBER, cm
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T=5K samples
x20 Ceo
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Exciting laser A,
——4880E
/\ﬂ\ —5320E b
SR N NPV
W2
| 1 | 1 1 | 1 |
I 1 I T 1 T 1 1
W3
|
|
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Series of experiments were carried out at low temperature of

5 K. They showed dependence of usual luminescence band from
frequency of exciting light.

Derivatives, which are associated with two organic molecules (W2
and W4), reveal luminescent bands in the “orange-green” range
of visible light also, while ones (W1 and W3) with one associated
molecule don't.

But in this experiments the more important is that for pure
Ceo samples the above mentioned unusual

luminescence band does not arise absolutely!!!
(Technical report by Grant UC2-2440-KH-02 of the U.S. Civilian
Research & Development Foundation for the Independent States of the
Former Soviet Union (CRDF), 2003-2004.)

12000

1400016000 18000 20000

WAVENUMBER, cm”

TFA TFA

NH O™ NHs

S
o
o |
¢
Q
3
3

W1  Cs mono-amine

HMWOOOH
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W4  Cw bis-acid
e-isomer

W3 Cs mono-acid
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The Main Conclusions Derived from Spectroscopic Experiments:

- The Unusual (‘Additional’) luminescence arises at luminescence excitation in the
region of 430-550 nm. This region in absorption spectra of C4oFWS corresponds to
the New band, the occurrence of which is the consequence of Cgy, molecule

hydration.

- Individual C4y molecules and its pure crystal forms are not capable to give the
Unusual luminescence in the region of 450-650 nm!!!

- Fullerene Cq4, easily interacts with water in conformity with the mechanism of
hydrophobic hydration (about donor-acceptor complexes of Cgy and H,O look in the
subsequent slides).

- In spite of the fact that crystal forms of Cg, are not dissolved spontaneously in water,
the individual molecule of Cg, fullerene is not typically hydrophobic or typically

hydrophilic. It can show simultaneously both properties!!!!
36
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STANDARD INSTRUMENTS FOR DLS
ANALYSIS OF PARTICLE SIZES IN Cg,
AQUEOUS DISPERSIONS ( nano-Cgp, NCgy,
THF/Cgy, FAS and suchlike) THAT HAVE BEEN
SYNTHESISED USING “BOTTOM-UP”
TECHNOLOGY FAIL TO YIELD OBJECTIVE

RESULTS
(i.e. they actually yield results that are 3 to 10 times higher,

compared to data obtained when such dispersions are
analysed using TEM, STM and AFM!!!! [1-7, see below]). .,

~WWWipacom.com
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-

The root causes of this are as follows:

- It is incorrect to use standard DLS equipment (e.g. Malvern Zetasizer NanoZS and
many similar instruments), which employs laser radiation sources with a wavelength
of less than 700 nm [8];

- For similar DLS analysis equipment, the lower limit for detecting particle sizes in
C60 aqueous dispersions that have been synthesised using “bottom-up” technology
is within 30 nm (usually 60 nm and more). These instruments fail to “sense” the
smaller “light scattering” nanostructures in such dispersions.

- Crystal solvate (crystal hydrate) nanostructures of particles of similar dispersions
(less than 30 nm) are “transparent” (i.e. they do not reflect and scatter) in terms of
incident light from laser radiation sources that are typically used.

- Small nanostructures (less than 30 nm) of similar dispersions are highly hydrophilic
and strongly associated with the hydrophilic medium. Hence, similar to the behaviour
of substances in true solutions, their behaviour cannot be characterised from the
viewpoint of the Brownian motion of typical colloid particles. Therefore, attempts to
detect their hydrodynamic radius by means similar DLS analyzers are meaningless. 28
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Solution (from DLS data)
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Dependence of the Sizes of Light Scattering Structures in
Water Solutions of Hydrated Cg4, Fullerene from pH Value in
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Absorption spectra of aqueous solutions of CgHyFn
in UV-Vis regions at various pH values.

3
— pH=4
2,5 s N o RO SO ] - pH =6 i
: : : : : : — pH — 8
—  pH=10
2 LN NN e
D15 f N L P L T L P o
S S S Uh....-ofSSUUU "\ S St SO SO U SO
0,5 e S >~ R — —
0 ; e —
200 250 300 350 400 450 500 550 600 650

A, HM

41

WWAWLIPACOM .COMm



OnTnyeckas NNOTHOCTb

A

IPAC

SCIENCGE FOR LIFE

3l

= OF PHYSIOLOGICAL ACTIVE COMPOUNDS

Dependence of optical density of C;oHyFn aqueous
solution (CgzFWS) on the pH values in its.
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COAGULATION POINTS, mMol/ of NaCl

Dependence of coagulation points (Cp,e,, mM/L)
from the Cg, percentage (%) in solutions obtained
by the water dilution of CgqFWS with the initial
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EXTRACTION BY ORGANIC SOLVENTS

The simple and important property of C4oFWS is that Cg, cannot to be
extracted neither by toluene nor by benzene (“good” solvents for Cgp) from
such aqueous solutions. However, using UV-Vis spectroscopy, we detected
that the minimal extraction of Cg, is occurred from water-colloidal solutions,
and the extent of Cgy extraction coincides with solubility of the water in the
abovementioned organic solvents.

Also, Cg, from CgFWS cannot be extracted by toluene in any essential extent
in the case when CgoHyFn were precipitated by coagulation of inorganic
cations (salts). It denotes that the coagulation cannot destroy strong hydrated
shell surrounding Cg, molecule.

G.V. Andrievsky, V.K. Klochkov, A. Bordyuh, G.I. Dovbeshko. COMPARATIVE ANALYSIS OF TWO AQUEOUS-

COLLOIDAL SOLUTIONS OF Cgg FULLERENE WITH HELP OF FT-IR REFLECTANCE AND UV-VIS

SPECTROSCOPY. Chem. Phys. Letters, 364 (2002) 8-17 A4
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CYCLIC PROCEDURE OF HYDRATED Cg
FULLERENES “PRECIPITATION — DISSOLVING’

CeoFWS - aqueous
solution of
hydrated fullerenes

D_is§o|vi[lg of Coagulation by
precipitate in water inorganic cations or
by means of soft cationic dyes or

ultrasonic treatmy

detergents
\ (Y; = const.)

4
Washing of Precipitate
precipitate by separation by
water with means of
centrifugation centrifugation

45
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Differential Scanning Calorimetry of Hydrated Fullerenes (HyFn).

Dependence of "H,0/Cgy" Composition on a Drying Time (at 70-75° C) for Wet Precipitates of HyFn
with Proper DSC Traces of Water Melting.

The Dashed Line - it is the Prognosis of Number of "Close Bounded " Water Molecules on Cgg surface in FWS (= Aqueous Solution of HyFn).

46
Proff. M.V. Korobov. Chemistry Dept., Moscow State University, Russia, May 2003
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Water Clusters with H;0" or Metal lons (+) Hypothetical Model of Hydrated Fullerene -
Encaged Inside the Clathrate of (H2,0)24 Supramolecular, Donor-Acceptor Complex
of H-bonded Water Molecules with Cg -
Ceo@{H20}

Csi@{ xH,0 yOH )" yH'
[S. Wei, A.W. Castleman Jr., (Using Reflectron Time-of-Flight

Mass Spectrometer Techniques to Investigate Cluster Dynamics in which the part of counter-ions (H")
and Bonding) Int. J. Mass Spectrom. Ton Proc. 131 (1994) 233.] is substituted by metal ions (Me*™).
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Hypothetical Model of Hydrated Fullerene - Cgg@{H,0},

The Fragment of a Structure, Cgp@ {yOH- xH,0} Y- yH",

in which the Part of Counter-lons (H %)

can be Substituted by Metal Ions (Me **).

Close bounded water molecules on Cg fullerene surface

N
- N

Carbon atoms of electron-acceptor surface of Cgg fullerene

G.V. Andrievsky, et.al. COMPARATIVE ANALYSIS OF TWO AQUEOUS-

COLLOIDAL SOLUTIONS OF C¢ FULLERENE WITH HELP OF FT-IR
REFLECTANCE AND UV-VIS SPECTROSCOPY. Chem. Phys. Letters, 364, 49
(2002) 8-17.
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The changes of acid-basic properties of C¢cHyFn aqueous solution
(CeoFWS) at the titration of it by NaOH

conditions)

(after deduction of titration of CO; that normally presents in deionized water at ambient

Before titration: [Ceo] = 16 uM and CgHyFn in H'- form (see below)

pH 12 +

11+

10 ~

[CeaJ=16 & M, but
[H =100 % M, ie.
[H']/Cgp=611

3
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

pK.

Equivalents of Na®/Cg

(appar.)
4,0

50 T
45 +
3,5+
3,0 +

2,5 T

2,0 +
1,5
1,0

0,5

0,0

5 10 15 20 25
Equivalents of Na®/Cg,

30 35 40 45

(2002) 8-17

G.V. Andrievsky, V.K. Klochkov, A. Bordyuh, G.l. Dovbeshko. COMPARATIVE ANALYSIS OF TWO AQUEOUS-COLLOIDAL
SOLUTIONS OF Cgy FULLERENE WITH HELP OF FT-IR REFLECTANCE AND UV-VIS SPECTROSCOPY. Chem. Phys. Letters, 364
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Hydrated Cgg Fullerene:

Localized Hydrolysis of Water Molecules on Cgo Surface and

Cation Exchange of H' / Me® in the First Nearest Aqueous Shell

Acceptor e Donor e
. }{ 56}{
O\ O
H H
/H + Me~* . O/H
LN T o™,
D )
H )
Me
atpH <4
Ho om |*
+Me"; -H*
HO~ ~OH |* g Ht ——
+H*; -Me"
HO' OH

51
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If Me* = Na*, then:

| |
H

e [N
H=— Q.. © - H H= Q.. ‘@, H

v H T , Na ﬁ)—

v i H +Na*; -H* v 1 _H

Hw d Hw

@% +H*; -Na* @%

CesoHyFn in H*- form CesoHyFn in Na*- form

52
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Water Block and to the Questions About
Model of Cg, Hydration
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WATER MOLECULE - H-,0O

Hydrogen Bonded Hydrogen Bonded
Two Water Molecules Water Pentamer

In accordance with:
M. Chaplin, Water Structure and Science,
South Bank University, London, UK
(http://www.Isbu.ac.uk/water)

95
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Various Water Clusters and Cg, Fullerene
(by M. Chaplin, http://www1.lsbu.ac.uk/water/ )

(H20)195 (H20)252
4%5¢ 24596 o4

(H20)252

(H,0),, dodecahedral cage (Cgo=1,)[5,6] fullerene



http://www1.lsbu.ac.uk/water/

SCIENCGE FOR LIFE

(;‘j | P Ac 2 OF PHYSIOLOGICAL ACTIVE COMPOUNDS

lcosahedral Water Clusters

by Professor Martin Chaplin (December 20, 2001,
School of Applied Science South Bank University
London SE1 0AA (http://www.Isbu.ac.uk/water/icosahedral.html),

Expanded stru::ture (ES) Collapsed structure (C5)

S AH s tve
43 15 tve
A s vl
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Fullerene C¢¢ Encaged Inside the Icosahedral
Water Cluster of (H,0)g =

= Hydrated Cgo Fullerene (HyFn).

Designed by Professor Martin Chaplin in December 20, 2001,
School of Applied Science
South Bank University
London SE1 0AA
(http://www.Isbu.ac.uk/water/buckmin.html),
in accordance with recommendations of Andrievsky G.V.
and Chem.Phys.Lett., 300 (1999) 392-396.

58
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Various Projections of
Fullerene C,, Encaged
Inside the Icosahedral

Water Cluster of (H,0)s,

Designed by Martin Chaplin
in November 14, 2001
(http://www.lsbu.ac.uk/water/
buckmin.htm)

In accordance with
Andrievsky G.V., et.al.,.

Chem.Phys.Lett., 300
(1999) 392-396

59

= WWW.pAGOmM . com


http://www.lsbu.ac.uk/water/buckmin.html
http://www.lsbu.ac.uk/
http://www.lsbu.ac.uk/water/buckmin.html
http://www.lsbu.ac.uk/water/buckmin.html




SCIENCGE FOR LIFE

r’““w I PAC STITUTE OF PHYSIOLOGICAL ACTIVE COMPOUNDS
\-l

I - Model of Aqueous Solution
of Hydrated Cgo Fullerene (HyFn).

Il - Model of Clusters Formation of Hydrated
Ceo Fullerene in Water Solution (FWS).

Were:

A - First Water Layer of Close Bonded Water Molecules
(~20-24 H,0);
B - Transitional Layers of Water Molecules;

C - Bulk («Free») Water. 61
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Designed by Professor Martin Chaplin in December 20, 2001, School of Applied
Science
South Bank University, London SE1 0AA
(http://www.Isbu.ac.uk/water/buckmin.html),
in accordance with recommendations of Andrievsky G.V.
and Chem.Phys.Lett., 300 (1999) 392-396.

The predicted model of the elementary spherical (icosahedral) cluster with the
diameter of 3.4 nm which consists of 13 hydrated Cg, fullerenes.

62
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THE HYDRATED Cg FULLERENE (HyFn = DONOR-ACCEPTOR COMPLEX OF
Ceol@{H,0}, ) SURROUNDED BY ORDERED WATER SHELLS.

The Probable Model of HyFn Which Based On Data of Dynamic Light Seattering (DLS), Small-Angle
Neutron Scattering (SANS), Low Temperature Differential Scanning Calorimetry (DSC)
and Molecular Simulation of professor M. Chaplin .

f Close Bounded Water:
R =8-8.5 Angstr: and
82 H,O = 22H,0 + 60H,0 and
: 22 H,0 = 6H;0'+60H +10H,0
-|1n accordance with DSC data, the shell, which
consists these 22 H;O molecules, melts at

E To0 3 |
3 Ro= 633 21 [Cone] ' -2.8°C and A H=4.2+0.5 kJ/mol of H;0
600 r =09393 ot
’ H:0 0 \
500
200 = =
300 6
|_Hhydrated
200 hydroxide
L] 50 100 150 200 ’.0]15.
Can, micrahliT. In accordance
ith M. E.
From DLS data: Tockeman,
if6 MM 2[Cep]= 2 M, then 230 =Rz 400 A etal, Narure
and o E 417 (2002)
'+
i£2uM 2[Col 0.01 1M, then 400 =R=800 A \ R . o B0 925:929

WAL IDRICOM COoHm
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Puc.2. I'E,I[P%TEPOBAI—]HHH Cy PYTLTEPEH (HyPn = gonopro-asnenTopHami
ronmmere BEIA Coyid {H,01, ), OKPYKEHHBIII VIIOPATOUEHHBIME
BOTHBEDMIT OBOTOMEAMIL
BeposTHAE MOZETh, OCHOBAHELE Ed SaHHED THHAMET2CKOrD cEeTopaccagamn: (DLS), Matoyrmosoro Hed-
TPOEHOCO paccesHis (SANS) [18] B mEEoTeMOepaTypRol RS ePeEIHATEEON CXINAPYECIIEE KATOPE-
meTpEE (DSC) [17] moe HyFo, sumaemessmmy B3 CaP WS [9], & Tamss vIMTRIEARMAT PE3yIETATE] MOTS-

EFILEPHOTO MOIeTHp0BaERE npodeccopa M. Chaplin [19,40].

. wlBobDogHanAw,
OdneMHAR Boda [

VnopazoueHHBIE
BOJHBIE 060T0YKH

e
&0 R =5 )i

r’

CBAIAHHEAA BOJA
R=885A
52 H,O0 =22H,0 + 60H,O rae
12 H,0 = 6H,0"+60H +10H,0

- 3| B coorsemeremm ¢ aammmoo DSC, Smosmm
Im | cooit Bomer, cogepEmT ~22 Momesyme H-O w
2 L. maesTes opE -2.8°C; AyH=4.210.5 kT/mel

= el

e

4l

e

e

L rae. mkoreddd.

H3 DLS zazmen:
eoms § mM 2[C,]2 2w, Torza 230 ZR= 400 A
H
lecmt 2 Z[C,]= 0.01 M. Torza 400 ZR2200 &

65

WWWLIDACOM Com



Pz
(EDIPAC
\‘} -
From experimental data:
--- there are ~24 H,O molecules in the "first" shell of close bounded water -
Ceo@{H,>0O},4 — hydrated Cg, fullerene (CgoHyFnN).
For CgoHyFn:
--- phase transformation (melting) of this close bounded water occur at - 2.8 °C;
--- enthalpy of Cgy hydration - AHf,, = 79+£10 kd/mol = ~ 0.87 eV;
--- enthalpy of H,O molecule hydration - AH, e = 4.220.5 kd/mol =~ 0.04 eV (70% of
the enthalpy of melting of the bulk water!!!);
--- among such 24 H,0 there are 6 molecules that symmetric placed around Cg, and
formed with it 6 donor-acceptor (DA) bonds due to charge transfer (CT) from oxygen
atom of H,0O to Cgz, molecule. Energy of each DA-bond is equal to ~0.093 eV;
--- due to DA-bond formation, in such water molecules O-H bonds lengths are non
equivalent and due to localized hydrolysis of water on Cgy surface the CgoHyFn in
aqueous solutions is negatively charged structure that behaves oneself like hexa-
anion of weak polyacids;
--- taking into account energies all DA- and H-bonds, stabilization energy of highly
stable supramolecular complex Cgo@{H,0},,4 is equal to ~15.5 eV.
--- due to the existence of ordered outer water shells melting at 0 °C, Cgz,@{H,0},4
structure is fully stable in its aqueous solutions (CgFWS) at heating at least up to 125
°C.
Andrievsky G.V., Kharkov, Ukraine, December 20, 2007 66
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EXCLUSION ZONE WATER (EXCL or EZ) by G.Pollack

J. Zheng, W.-C. Chin, E. Khijniak, E. Khijniak Jr., G. H. Pollack. Surfaces and interfacial water:
Evidence that hydrophilic surfaces have long-range impact. Advances in Colloid and Interface Science
127 (2006) 19-27.

J.-M. Zheng, A. Wexler, G.H. Pollack, Effect of buffers on aqueous solute-exclusion
zones around ion-exchange resins, Journal of Colloid and Interface Science (2009),

doi: 10.1016/j.jcis.2009.01.010
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O, and CO, Solubility in Water (at 18-20 °C):

0, ~1 mMIL
CO, ~ 45 mM/L

but only 0.2% of CO, dissolved converts to HCO;™ !!!

COZ + Hzo <> HCO3-
and [HCO5] = 0.09 mM/L

What does it amount to? It means that CO, is dissolved in water in a kind of
CO, Nanobubbles :

(CO2),@(HCO3 )y * m H'

(with size app. 100 nm)

F.Jin, J. Ye, L. Hong, H. Lam, C. Wu. Slow Relaxation Mode in Mixtures of Water and Organic Molecules:
Supramolecular Structures or Nanobubbles? J. Phys. Chem. B, 111 (9) (2007) 2255-2261

68
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C02 Solubility in Water Ordered by CgzHyFn
iIs More in 5-7 Time than in Pure Water

Earlier mentioned curves of CsoFWS titration by NaOH testify that
in water ordered by CspHyFn the CO, solubility is essentially
above than in the pure, poorly ordered water

12 - 50 T
1+ [H*J=100 % M, je. tAST
[H*}/Cg =611 rme) 40+

10 +

35T

3.0 +
25 +
1

20+
!

1

1

15+ ]
!

10+ /
1

i

1

0,5 T!
I}

w E W N N [ere] O
| | | | | |
T T T T T

7
T T T T T T T T T T T T T T T 1 0,0 } T T T T T T T 1
0 5 101520 2530354045 505560657075 80 0 5 10 15 20 25 30 35 40 45
Equivalents of Na*/Cg Equivalents of Na¥/Cg 69
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Model of Light-Scattering Structures in C¢,HyFn Water Solutions
(CeoFWS)
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STRUGGLE of the ORDER AGAINST a DISORDER
or

Movements of Ordered Water Cluster in Bulk Water Can Stimulate on It Diffusive Surfaces the
Dissociation of Water Molecules with Formation of Quickly Recombining H-, O-, C-, N-Containing Radicals.

(H,0),(H,O €H--OH-> OH,)(H;0),, = (H;0),(H,O + H" + 'OH + OH,)(H,0),,

CO,+'OH > HCO; 0,+H > HO,
2°0OH > H202 2H202 > 2H20 + 02 ... etc.

71
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LET'S COMPARE THE THEORY and FACTS!!!

Objects Coherence Domain of Water Hydrated Cg, Fullerene (CgoHyFn)
Parameters (CDW) by Grigoriy Andrievsky
by Emilio DelGiudice

Coherence Domain of Water Ordered
by CgoHyFn (CgoCDW) —

Size (Diameter) 100 nm 40-160 nm (on the average ~100
nm !!!)
For diluted C, HyFn solution.
1.6-1.8 nm
for C4, Molecule With First Closely
Bounded Water Shell
. . . and Fractal Cluster Nanostructures
Another Sizes Is CDV\LEfézt?‘rv:gh Size of C4,HyFn and Water Clusters
] of Higher Order
(with the size approx.
3.4, 71, 10.9, 14.5, 181,
21.8, 25.4, 28.8, 32.4, 36.0 nm)
«0.2 eV” FUNDAMENTAL BIO-PHYSICAL A, H - Heat, Enthalpy of C,
’ VALUE fullerene HYDRATION
15.5 eV
12.06 eV :
Energy Energy of Excited State of CDW Estimated Energy of C,,HyFn
Formation, Stabilization
For Comparison 12.6 eV - Energy of Water lonization 72
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CsoHyFn and Biomolecules
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LOW TEMPERATURE DIFFERENTIAL SCANNING CALORIMETRY (DSC)

OF HYDRATED Cg, FULLERENE AND VARIOUS HYDRATED BIO-MACROMOLECULES
(COMPARISONS and SEARCH FOR ANALOGIES).

Two Typical Endothermic Peaks for
DSC Traces of Wet Powder of HyFn
Precipitated from CgFWS.

(In This Case, Molar Ratio of H,O/Cgo = 27)

HYDRATED Cg¢ FULLERENE

The DSC traces indicated below are taken from the book
of G.M. Mrevlishvili "Low Temperature Calorimetry of
Biolgical Macromolecules", Metsniereba, Tbilisi, 1984,

Fig.78. Microcalorimetric Traces of
"lce-Water" Phase Transition and Eutectic
Melting in System of "Na-DNA - H,0 - NaCI"
1 - Native DNA; 2 -Denatured DNA
(DNA - 1.35 mg; NaCl - 0.38 mg; H,0 - 1.07 mg ).

D N A - Deoxyribonucleic Acid, Na-Salt

Fig. 42. Microcalorimetric Trace of
Phase Transition of Water
in RNase Solution
(C=45%; V=14.5 °/h) [ref. 248].
RIBONUCLEASE -

Enzyme, Globular Protein

— b
-25 -15 -5 45 T°C

Fig.50. Temperature Dependence of
Collagen Heat Capacity at Various
Content of Water (W, g H,O / g protein)
in the Region of "Ice - Water"
Phase Transition
(W: 1-0.02; 2-0.15; 3-0.35; 4 -0.66;
5-1.00) [ref. 49, 178].

COLLAGEN -Fibrillar Protein 74
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HYDRATION OF NUCLEIC ACIDS

Low Temperature Calorimetry Data
from the book of
Mrevlishvili G.M. “Low Temperature Calorimetry of Biological
Macromolecules™, “Mertsnierba’, Thilisi, 1984, 188 p.

g H,O/ mol H,O/pair of
g polymer nucleic bases
DNA (fron T2 0.55 22
phag)
DNA (from calf 0.6 25
thymus)

Poly-[d(A-T)] 0.7 28
Poly-[d(G-CO)] 0.4 16

t-RNA 0.68 28 [277]

24 (on average) 75
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Dependence of the Elastase Activity from HyFn Concentration in

Incubation Medium at 25°C and also after Temperature Treatment
During

15 Minutes at 45° C and 60° C.

0,20 +
0,18 +
0,16 +
0,14 +
0,12 +
0,10 +
0,08 +
0,06 +

0,04 +

Elastase activity, U/ml

002+ |

0 2 4 6 8 10 12 14 16
Concentration of Cg;, microM/L
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Y®-Bug (UV-Vis) cnekTpbl NOrNnoLweHus :

ruapatupoBaHHoro Cgo cpynnepena (1 — CeoHyFn);
OHK (2 - DNA)
n nx cmecu (CeoHyFn+DNA) npu T=20°C (3) n T=85°C (4)
B 4 mM pactBope NaCl.
KpuBas (5) npeactaBnsieT pasHOCTb NOrfoOWEeHUNn Mexay KpuBbIMU
(3) n (1), " npakTMyeckn coBnagaeT ¢ IKCNepuMeHTasribHO

Ha6bnogaemon kpuson ans umcton AHK (2).

1,8 - 4
16 |- -
141
12]
10 [
038
06 |
04 [
02 [
0’0 -_ 1 | 1 | 1 | 1 | 1 | 1 | 1 |
220 240 260 280 300 320 340 360

77
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1-6
10+

0.8 -

06

04

0,2+

00t

30

L
40

1 1 1 1 1
50 60 70 80 90
t,°C

Curves of melting
of highly polymeric thymus DNA:
without (1) and in the presence (2) of
hydrated Cg, fullerene

(Pona/Cep =10, Cpaci =4 mM)

Curves of melting of thymus DNA:
without (1) and in the presence (2) of
hydrated Cg, fullerene
The sample of DNA has preliminary been
subjected to the process of denaturation in
the saltless medium and the subsequent
renaturation in the solution of 4 mM NaCl

78

Kruglova E., et al., Department of Biophysics, Institute of Radiophysics and Electronics NAS of Ukraine, Kharkov, 2001
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HYDRATED FULLERENES (HyFn) PROTECT
NATIVE STRUCTURES of HYDRATED
BIOMOLECULES (DNA, PROTEINS, ENZYMES...)
from DENATURING INFLUENCES and INCREASE
the TEMPERATURE of their DENATURATION
(on 4-10°C).

These Effects are Stipulated by
the Native Structure Stabilization of Biomolecules
due to Integration (Merging) of their Hydrated Layers
with the Similar Water Shells of HyFn.
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ELECTRON MICROGRAPHS OF NEGATIVELY
STAINED SAMPLES OF AB;s-35s PEPTIDE IN THE
PRESENCE AND IN THE ABSENCE OF CgHyFn.

(A, B) Control helically twisted long ribbons and
(C) sheet-like arrays of AB,s_35 peptide

incubated for 24 hours at 37 C.

(D) Control spherical clusters of the Cgp HyFn
and their aggregates.

(E) Co-incubation of AB»s_35 peptide and the
fullerene in molar ratio 1 : 0.17.

Shorter ribbons, sheet-like arrays and short narrow
protofibrils (arrows) decorated with spherical
clusters of the Ceo HyFn are distinctly seen.

(F , G) Co-incubation of AB,s_35 peptide and

the fullerene in molar ratio 1 : 2.5.

Short narrow protofibrils decorated with spherical
aggregates of the Ceo HyFn (arrows) become the
major species in this case. Bar is 100 nm.

Ya. Podolski, Z. A. Podlubnaya, E. A. Kosenko, E. A.
Mugantseva, E. G. Makarova, L. G. Marsagishvili, M. D.
Shpagina, Yu. G. Kaminsky, G. V. Andrievsky, V. K.
Klochkov. EFFECTS OF HYDRATED FORMS OF Cg,
FULLERENE ON AMYLOID B-PEPTIDE FIBRILLIZATION
IN VITRO AND PERFORMANCE OF THE COGNITIVE
TASK. J. of Nanoscience and Nanotechnology, 7, (4-5)
(2007) 1479-1485
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-
Hydrated fullerenes create in water medium
the ordered, structurally heterogeneous
environment in which chemical and
biochemical processes go differently than
in pure (unordered) water.

'mapaTnpoBaHHbIe pynnepeHbl co3faloT B CBOEM
OKPYXXeHUU YyNOpPA[OYEHHYIO, CTPYKTYPHO reTeporeHHyHro
BOAOHYHO cpeay, B KOTOPOU HanpaBfieHHOCTb U KNHEeTUKa

XUMUYECKNX U OMOXNMMYECKUX NpoLeCcCOoB OTNMYaeTcsl OT
TaKoBbIX, MpoUcxoasilnux B YUCTON (Heynopsago4eHHON)
BoOA4e. 81
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PROBABLE REACTIONS OF LUMINOL OXIDATION
BY HYDROGEN PEROXIDE

oH
2l N2 OH NH; C\
c\
O —Ory = O f
- [
_N
- ¢ 0
0 OH c
\
OH
LUMINOL LUMINOL PEROXIDE
Non'luminescent substance Stromgly luminescent sudstance
NH, OH

\
Cs

Nov2m0 + 0 + by
a

+ 2H0 + N + hv

Weakly luminescent sudstance

82

[1] Drew H.D.K. Trans. Faraday Soc., 35 (1939) 207-215.
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Kinetics of Luminol Reaction in Water Without and in the Presence of

Hydrated Cg, Fullerene
(luminometer “LIK", SRI “BINAR», Russia)

H,0, 3x103M/n;  Luminol 75x10-% M/x
CsHyFn concentration: 7 - 0 M; 2 - 5*10°M; 3 - 5*%107 M.

Luminescence, a.u.

83
t, sec.
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Kinetics of luminol oxydation by H,O,

in the presence of CgHyFn
[H,O,] = 3000 000 nmol/L; [Luminol] = 75 000 nmol/L

6500 - 1- [Cgo] = 0 nmo/L
= / 2 - [Ceo] = 20 nmoliL
© 5500 -
S 4500 3 - [Ceol = 10 000 nmol/L
3
§ 3500 -
:E, 2500 \
-
1500 ‘ ‘ ‘ ‘ ‘
10 30 50 70 9 110
t, sec.
Cg concentration Molar ratio % inhibition
Curve Ne ’ 5 f .
nmol/l Luminol / C60 HzOz /C60 of reactions
1 0 0%
) 20 3700 150 000 15% in serum
(3) (25 000) (1 000 000) | and in water
3 10 000 7,5 300 44% in serum
500 150 6000 61% in water | 84
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WATER RADIOLYSIS and CCA OXIDATION
by MEANS of HYDROXYL RADICALS (OHY)

*

OH
H,0 H,0
\ H*+ e-hydr +
H, + H,O, + H3OJr +
ROS (Reactive Oxygen Species
(~95%)
@)
O
4 /
C\
o= 0 HO 0" N0
CCA 7-OH CCA

(coumarin-3-carboxylic acid)
Strongly luminescent

substance
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Neutralization of Hydroxyl-Radicals

(OH’) Formed by Means of y-Rays
Radiolysis of Water at Presence of

Various CgHyFn Concentrations

90

E 80 - Control,
: OnMC

5 ®

g 60 -

GCJ 50 - 1 nM Ceo

2

3 40 - 10 nM Cq,

< 30 -

O

<J-:> 20 100 nM Cqg,

O 10- 1000 nM Cqgq

N~ _ —Nu

0 1 2 3 4 5 6 7 8
y-Irradiation dose, Gy 87
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CeoHyFn Antiradical Efficiency ( [OH]*/[C¢,] ) Increases When its
Concentration are Decreased

Absolute values of [OH*]/[C¢,] ratio and % of OH* neutralized are indicated near dots of graph
(by estimation of the 7-OH-CCA formation at 7 Gy Dose of y-irradiation)

2*10° (12%)
y =-0,8584x - 4,907

R?= 1
410 (22%) 0,999

5*10° (32%)
7*10% (43%)

1*10% (60%)

10" (74%)

~2 (94%)
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CpaBHuTeabHas xapakrepucTuka (mo yposHw MDA) pa3jin4HbIX AHTHOKCHIAHTOB
(ButamuH E, B-xaporun, C4HyFn)
nocJje y-ooayyeHuu (3 4.) pocoaunuaHbIX AUCHePCHH
(BaxxHo, 4T0, B 0iMHAKOBBIX OMbITax, 103kl Cgo OblIH B 1000-10 0000 pa3 MEHbIIMMH, YEM
ButamuHa E u 3-kapotuna!!!)

120 118

100 100
00 === === === mmemmm e P RURGECECETS I EEPERREPEEERERRRER T T LT EEEEEEEEERPEPRS

g5

T I R [ CECEREE N FEREEES I SRRCEES NN CERSEES NN SERERRS I EERESRE B R E R i S CCECEERERES NI BRRRPRS

Tu I (TR B e A GEnCnnh I CEEREFS RN FEFERES N PESEEPS NN FECRERE (R EEREEEE R SEPEEEPEEEREERPREEEETFERERRRERS I FERRRRE

44

CTENEHE OKMCNEHHOCTM, %

e B s [N CEGCrrh I SRETCES NN EECERES RN FRETEES R SEERREE N FESERES NN SEFERES BN PREPRES I SEPPEEY NN EERRRES B SRRRRR

I R A CECEREE N FEREEES I SRRSEES NN CERSETS I SERERRS I EEEE I Er E R L e T CECEEEE I BRSPS

89

KorTpone E1(2%) E2(1,5%) E3(1%) E4(0,5%) hi(2%) b2(1.58%) h3(1%) bd(0,5%) f1(04m) 72(0,2m) 73 (0,1m) f4 (0,04m)

) WWW.IpACOM com




(*;iiw | P Ac ACTIVE COMPOUNDS

s CIENCE FOR LIFE

CpaBHuTeabHAas XapakTepucTuka (1o ypoBHw MDA) pa3jin4HbIX AHTHOKCHIAHTOB
(ButamuH E, B-xaporun, C4HyFn)
nocJje o0padorku yabTpasBykom (10 mun, 25 xkI'u) dpochoaunuanbix gucnepcuu

100

100

92
GO oo frmmmme e e e | e

0 K i R R R - LM i i i A A A B L

8 T e Y e H s Sl G-l - A I,

1 I o e T 1= R

g0 d--d ol 1 o e I RN I NN

T R r T pa B I S N S I e e B e T EEREs T R NN ECEEr! M SEERRRS

CTENEHE OKWCNEHHOCTH, %

T I B s T CECCrr IR CEEEEE I EESPRE I SEPSEPT I SRS N SERSE I R I S A Sorrret I EERREEE

L I B T e IR B S I O I S I ) I S R et A R I EERRRRE

S T T N e [ P N e B S N e I A R o T unrr] NN SEEEES I RPN B SRRRR

KonTpone E1(2%) E2(1,5%) E3(1%) E4(0,5%) b1(2%) b2(1,5%) b3 (1%) bd{05%) 1 (04m) f2(0,2m) f3(0,1m) f4(0,04m) 90
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CeoHYyFn Change Essentially the Kinetics and Accelerate (on ~50 %) the

Auto-Oxidation of the Quercetin
A - control in water (Cqye = 30 pM/1, pH=10);
B - at presence of C¢oHyFn (Quercetin/Cgy = 10)

QUERCETIN

- Free Radical

Initiator

Typical dynamics of adsorption
spectra changes of Quercetin auto-
oxidation in aqueous medium at pH=10

HuHaMKKa CHEKTPaAbHBIX H3MeHeHHH, OTpamaliLan
Tnpouece ayrookHcaeHus keepuetHHa npu pH 10,0 B upueyreranw
TM3AA (0,8 vM) u DOTA (0,08 mM)
f — cOeKTp UCIVIQLUICHHA HEOKHCAEHHOTG HKBCPUETHHA (1. 410—% M), 25—
L 15 u 2 : o

EOEKTPBl NOCMCGUIEHAS KsBepleTHHa nocte 5, 10, 15 o 20 wmun okue JAEHHA G 0T
BETCTBEHHA.

or2s

1 1 I N\, 91
300 70 480 500210
R i ipacom com
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HccaenoBanue “OKUCIAIEMOCTH” KUPOCOAEPKANIMX 00Pa3LOB
KOCMETHYECKHX KpPeMOB

B skcniepumente Opanu 3 T Ma3eBOM OCHOBBI KpeMa, CofieprKallieil HeHACHIIIICHHbIE
KUPHBIEC KUCIIOTHI, pa30aBIeHHOMN KCUIIOJIOM JI0 001Iero oobemM odpasma = 5 M.

[Tocne noOaBneHus, cpeaHsis KOHIEHTpAIMs UHUIIMATOpa CBOOOAHOPAIUKATIEHOTO CH; CH;
okucnenusi AVIBH (2,2'-Azobisisobutyronitrile - (AIBN) - Free Radical Initiator) B NC—|C—N=N—|C—CN
UCIBITYyeMOM  o0pa3ie cocraBisiia Okono 1072 Momb/autp. CH; CHs

N3nauanpHo, B oOpasnax Ne3 u Ne2, maszeBas ocHoBa coaepxana 10 20 0056.%
Hallero aHTHokcumganTHoro areHra - "OW" ¢ KoHIeHTpanueld HHTHOMTOPOB,
ruparupoBaddeix  Qyaaepenos  (I'd), 3*10° wu  30*10°  monw/mutp,
coorBercTBeHHO. T.0. mosis OW B HCHBITBIBAGMBIX 00pasliax COCTaBJsIa OKOJIO
0,1, a monmsipuoe coornomenue AUBH / I'® mna o6pasua Ne3 cocrasisuio 108 u
nis oopasma Ne2 — 10711

O6pa- | Kon. [I'd), Tapavetp %o MHIVOUPOBAHNSE
3ell MOJIL/ JIMTP [AMBH] / TP} OKMCJISIEMOCTH, O (oy - o) / og*100%
Nel [0 I — 9,19 0%
N3 10" 10° 7,79 15%
N2 10”° 10’ 4.6 50% -
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UV-VIS SPECTRA OF PINACYANOL

gONNNg
i@( CH=CH-—-CH= N

ézHS (|:2H5

AT VARIOUS CONCENTRATIONS OF HYDRATED Cg, FULLERENE (HyFn)

100

In the presence of C5HyFn
the cationic dyes form
stacking structures =

H-aggregates

Isobiestic points

Transmittance, %
|

1. N.O. Mchedlov-Petrossyan, et al., INTERACTION
BETWEEN CATIONIC DYES AND COLLOIDAL
PARTICLES OF Cgq HYDROSOL. Mendeleev
Commun., 2 (1999) 63.

30 ‘ ‘ |
500 600 700 2. N.O. Mchedlov-Petrossyan, et al.,. INTERACTION OF

POLYMETHINE DYES WITH FULLERENE Cg

A, MM HYDROSOL. Sci. Appl. Photo., 43 (1) (2001) 1-13.

. . 3. N.O. Mchedlov-Petrossyan, et al., INTERACTION
anacyanol (2,7 uM/L) %n H,O0. BETWEEN COLLOIDAL PARTICLES OF Cg,
Pinacyanol (2,7 uM/L) in FWS; = 0,01 uM/L HYDROSOL AND CATIONIC DYES. Chem. Phys.
Pinacyanol (2,7 pM/L) in FWS; = 0,70 uM/L Lett., 341, N 3-4 (2001) 237.

[Ceol

; [Ceol
Pinacyanol (2,7 uM/L) in FWS; [Cg] = 2,00 puM/L
Pinacyanol (2,7 pM/L) in FWS; [Cgo] = 20,00 uM/L

b

ook e =

93
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Fullerenes, Nonotbes, and Carbon Narostaectures, 18: 303-311, 2010 @

The Acceleration of Blood Plasma Clot Lysis
in the Presence of Hydrated Cg, Fullerene
Nanostructures in Super-Small Concentration

G. ANDRIEVSKY'~, D. SHAKHNIN?, A. TRONZA®,
D. ZHERNOSEKOV?* AND A. TYKHOMYROV?

nstitute of Physiological Active Compounds LLC, Kharkiv, Ukraine

*ISMA NAS of Ukraine, STC “Institute for Single Crysmals,” Kharkiv, Ukrmine
*Public International University of Human Development, Kyiv, Ukraine
*Palladin Institute of Biochemistry, NAS of Ukraine Kyiv, Ukraine
*Dniepropetrovsk State Agrarian University, Dniepropetrovsk, Ukraine

There are no systematic daia about the influence of chemically nonmodified fullerenes on
kev enzymes of organism, in particular, proteases of haemostasis svstem. In this study we
describe preliminary n vitro dara indicaning the essential acceleration of blood plasma
clot cleavage in the presence of nanostructures of hvdrared Cegg fullevene (CgplvFn). The
super-small concentration of CegHyFn (107210777 M) applied in the experiment was
comparable to that in which hwdrated fullevene exhibits marked antioxidant and
newraprotective effects m vivo. The influence of Cealfvin on the Linetics of clot [vsis,
induced by tissue plasminogen activator (t-PA), has been explored m vitro. The
incubation of t-PA samples in CglvFn solution has increased the lvsis rate 2.7 times
and diminished the half-fvsis time 1.6 times, compared with corresponding paramerers
Sfor t-PA dissolved in distilled water. Taking in consideration that in this case Cgo
concentration {in moll was by 2-4 orders less than concemtration of emIvmes
participating in fibrinolvsis, it has been concluded thar biological acrivity of super-
small CgHyvFn concentrations (doses) was not directly related to the binlogical
properties of Cgy fullerene molecule itself but was mediated by specific and ordered
warer structures which Cgo molecule organizes round itself Also, we have suggested that
the activation of fibrinolvsis may eccur due io the siabilizationprotection of active
conformation of protease molecules in the presemce of specific warer structures
ordered by CeolfvFn Applications of hvdrated fullerenes cam be a perspective
approach forboth usage of thrombolvtic enzvmes and for design of novel anricoagulanis.

Keywords Blood clots lysis, fibrinolysis, hydrated Cgy fullerenes, ordered water 94
structures, tissue plasminogen activator
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ACCELERATION OF FIBRIN CLOT LYSIS
IN THE PRESENCE OF SMALL CONCENTRATIONS (70-74-10-"2 Mol/L) OF CgHyFn - HYDRATED Cg,
FULLERENE NANOSTRUCTURES

Note that concentration of fibrinolysis enzymes was in 108(!!!) time MORE then conc. Cg

0.08 0.09

0.07 0.08]
>“ 0.06 . 0.07
o s 0.06]
2 0.05 o
= | S 0.05

0.04 = _
> > 0.04

0.03 003

0.02- 002

0.01 0.01

! 0
00 200 400 600 800 10001200 0 200 400 600 800 1000
Time, sec Time, sec
Control (in water) In the presence of CgoHyFn 95
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Some Biological and Bio-Medical
Aspects of Multidimensional Activity

of Hydrated Cg, Fullerene

Additional information about it see on our site;:
http://www.ipacom.com/index.php/en/publications-about-c60hyfn/72
http://www.ipacom.com/index.php/en/publications-about-c60hyfn/70

http://www.ipacom.com/index.php/en/fullerenes-and-water-left/78
http://www.ipacom.com/index.php/en/production
http://www.ipacom.com/index.php/en/production-left/68
http://www.ipacom.com/images/Articles/results trials en.pdf
http://www.ipacom.com/images/Articles/annotation_en.pdf
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BASIC BIOLOGICAL PROPERTIES OF AQUEOUS SOLUTION OF THE HYDRATED Cg,

U
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FULLERENE (HyFn)
DETECTED TO THE PRESENT DAY (07/15/04).

In Vitro Experiments reviled that HyFn with Cg) concentrations up to 100 pM/1:

Are neither CYTITOXIC nor HEPATOTOXIC;
Do not INHIBIT CELLS' RESPIRATION;
STABILIZE CELL’S MEMBRANES;
Don't SUPPRESS MEMBRANE BONDED ATP-ase ACTIVITY;
INCREASE CATALYTIC ACTIVITY of ENZYMES (e.g., Serine Proteinases);
Don’'t SUPPRESS, but PROMOTE the GROWTH of MICRO-ORGANISMS (MICROBES, FUNGI ...) and
IMPROVE the SURVIVAL RATE and VIABILITY of CELLS (e.g., SPERMATOZOA);
Do not AFFECT BLOOD COAGULATION;
POSSESS SIGNIFICANT ANTIOXIDANT PROPERTIES;
@ In Vivo Experiments reviled that HyFn with C4, Total Doses up to 25 mg/kg of b.w.:
Are NONTOXIC;
Are NOT IMMUNOGENIC;
INCREASE RESISTANCE of PLASMA MEMBRANES to DAMAGING FACTORS;
POSITIVELY [INFLUENCE ACTIVITY of ADRENERGIC, GABA-, HYSTAMINIC- and, especially,
SEROTONINERGIC SYSTEMS and, as a consequence, ENHANCE ADAPTOGENIC FUNCTIONS of
ORGANISMS;
ACTIVATE ANTIOXIDANT and ENERGETIC SYSTEMS;
POSSESS ANTIHISTAMINIC and ALLERGY SUPPRESSING ABILITIES, i.e. ACT as ANTI-INFLAMMATORY
AGENTS,
SHOW POSITIVE NEURO PROTECTING and NON-SPECIFIC ANALGESIC EFFECTS;
DEMONSTRATE ANTI-MALIGNANT, RADIOPROTECTIVE, ANTI-ATHEROSCLEROTIC (ANTI-
ATHEROGENIC) PROPERTIES;
PROTECT AGAINST VIRAL INFECTION (e.g., INFLUENZA, etc..): (HyFn do not KILL VIRUSES and MICROBES,

but do not ALLOW THEM to INCORPORATE into ORGANISM’s CELLS!!!).
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OCHOBHbIE BUOJNIOMMYECKUE CBOUCTBA BOOHOIO
PACTBOPA NAOPATUPOBAHHOIO Cg, ®YIIIEPEHA
(HyFn), OBHAPY>XEHHbIE K HACTOSALWEMY BPEMEHMU
(Hoa6pb 2006).

In Vitro dxcnnepuMeHThl BbIABUJIN, YTO_HyFn, B koHumenrpanusax Cgg
BILIOTH 10 100 puM:

1. He UMTOTOKCMYHDBbI, B T.4. HE renatToTOKCUYHbI;

2. He noaaBrnsAOT, a HaobopoT Cnocoo6CcTBYHOT pocTy
M3OJNIMPOBAHHbLIX KYJNbTyp KNneTokK (MUMKpOObLI, rpumbbl M np.);
cnocoo6cTBYyOT BbIDKMBaeMOCTMU n NOBbILLEHUIK
XXN3HEeCnocoobHocCcTHU cnepmMmaTtTo3ounagosB B npouecce
KKPNOKOHCEepBUPOBaAaHUA — OTTaMBaHUAY»;

3. He MHIMOMPYHOT KNeTO4YHOro AbiIXaHUsA;

4. He nooaBnsAlOT KaTarimTU4eckKyro AKTUBHOCTDL
MeMbOpaHocBsA3aHHbLIX AT®d-a3;

5. Oo6naparT AHTUOKCUAOAHTHbLIMMU cBouMcTBamMm Ooonee
Bblpa>XeHHbIMN, YeM y MoHorna, sumtamumHa E n B-kapoTtunHa;

6. CTaOMnNuUanNpyroT KrneTo4YHble MeMOpaHbl M yBenmM4YMBaAKT MUX
YCTOMYUNBOCTb B HEONAronpusaTHbIX YCINOBUAX;

7. He BNuAalT Ha cMcTeMbl cCBepThbiIBaHUSA KPOBM;

8. MoBbiwakwT Ha 5-10°C TemnepaTypy AeHaTypauum 6uomoneKkyn
(AHK, anb0ymMmuHa, KonmnareHa m T.n.);

9. MoBbIWAKT KaTarMiIMTUYEeCKYH aKTUBHOCTb MU3O0OJIMPOBAaHHLbIX
depmeHTOB (HAnNp., CEPUHOBLIX NpoTeas3s). 08
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@ In Vivo 3kcnnepyuMeHThbI BbIIBUWJIH, 4YTO HyFn B mmmpokom nuama3oHe

cymMmapHbIX 103 Cgo (0T cynmepMaJjibIX M BILJIOTH 0 25 MI/KI Beca TeJia):

%- 1. He TOKCUYHbI, HE MMMYHOr€eHHbl, HEe anrnepreHHbl;

2. MoBbliwarT YCTOMHYUBOCTDb nmna3MmaTU4YecKunx MemMmOpaH K
noBpexaawwmm dakTopam;

3. OkKka3biBawOT MNONMOXUTeNIbHOe BlFIMAHUE Ha aHTUOKCUAaAHTHbIe M
9HepreTU4YeckKkme cuctTembl;

4. O6naparT paguonNpoOTeKTOPHbIMM CBOMCTBaMuM 3a cuYeT nogaBJrieHUSA
N3ObLITOYHOINro YPOBHA CBOOOAHbLIX paauKarnosB;

5. O6naparT CuUIIbHBIM U AOOJfIroOBpeMeHHbIM aHTUrMctaMumHHBIM U

nporTuBoalneprm4ecKmmMm AencrevnemM, T.e. CNMNOCOOHBDbI paGOTaTb, KakK
nporTmnBoBoCnaysimTeJsyibHblI€e aAreHTbI;

6. Okas3biBawoT noNno>xuTtTeJqibHoOe€ BIinssHuUe Ha AKTUBHOCTDb aapeHo-,

FTAMK-, ructaMmnHO- N, OCO6EeHHO, CEPOTOHUH-IPIrM4YECKNX CUCTEeM wu,
KaK crnencrtBuve, NOBbLIWAKT aganToreHHble PyHKLUMM OpraHu3Ma;

7. O6napnarwT MOLWHOM renaTonpoTeKTOPHOM aKTUBHOCTbLIO;

8. OKa3blBarwOT Bblpa>XXeHHOe HenponpoTekTopHoe (B T.4., npun 6one3Hm
Anburenmepa ) u HecneundunyeckKkoe aHanbreTn4YeckKkoe AencrTteuve;

9. He yOuBas paKoBble KIeTKU, TOPMO3AT pa3BUuTUE OnyxorneBblxX
natTonoruvmn;

10. OO6GnaparoT AHTNaATEepPOCKNEepoOTUYECKNMMU (aHTMaTeporeHHbIMM)
cBoOMUcCcTBaMMn;

11. CnocoOHbI 3awMmuwaTb OpPraHUuaMbl OT UHPUUMPOBaAHMUA BuUpycamwm
(Hvanp., Bupycamun rpwuwnna) (HyFn He yb6uearom eupycCcbl, HO He

nosesosisrom um 3¢hgheKmuUuaeHO NMPoOHUKamb 8HyMpb KJI€EMKU);
12. YnydwarwT v NOBbLIWAKT penpoAyYKTUBHbIe (AeTopoAHble) DYHKLUNN.
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The Accelerated Development of Wheat Seeds that Germinated During 6 Days on Diatomite Hydroponics

after Once-Through Watering Them with C;,FWS — Aqueous Solution of Hydrated Fullerene (CgHyFn)
with C4, Concentration of 10° mol/L (~1 ng/ml) -- (A). In positive control (B) - Watering with Distilled
Water. The Weight of A Germs is More than of B Germs by 60%.

YcKkopeHHOe pa3BuUTUE CEeMSH MWeHULbl, NPOPOCLUMX B Te4eHue 6-Tu gHeln Ha AMaTOMUTOBOMW rMAPONOHUKE
nocne ogHokKpaTtHou nonmeku nx CgFWS — BoaHbIM pacTBOopoM rugpatupoBaHHoro dynnepeHa (CgHyFn) -
¢ KoHueHTpauuen Cq 10° Monb/n (~1 Hr/mn) -- (A). B KoHTponbHoM o6pasue (B): — aHanormyHas nonueka
anctunnupoBaHHou Boaou. Bec npopoctkoB A Ha 60% Oonblue, 4emM y npopocTkoB B . 100

- WWW. ipacom_ com
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YcKOpeHHbIN POCT nieHuUubl nocre ogHokpaTHoro nonuea CgFWS (30 HMonb/n) (cnpaBa);
KOHTpPOSb — Ha AUCTUNNUP. Boae (cnesa)

NMomupopbl copta «Bonose cepuey, npopawmBaemMbie 5 AHen Ha AUCT. Boae (cneBa) n Cq,FWS (30
HMonb/n) (cnpaBa) 101
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FOOD INTAKE with SUPER SMALL DOSES of HYDRATED Cg, FULLERENE (Cg,HyFn)

ACCELERATES ESSENTIALLY the INCREASE in WEIGHT of BROILER CHICKENS

Dailv Drinkin Mass of Chickens
Group Yo 9 ("Ross-308"), g
(n=10) Feeding bv Bird d At the beginning After 36 days of exp.
eeding by Birdsee of exp. (% of overweight)
1 Water (Control) 53 1267 £103
Water Solution of
Colloidal Composite of 1263 £165
2 Fe, Cu, Mg and Ag Nanoparticles 54 ( +0% as compared with
(102 g/L) group 1)
Birdseed with
Ultra Dispersed 1368 +199
3 Fe,0, Particles (10 g/kg) 54 (+8% as compared with
and group 1 and 2)
Ascorbic Acid (0.08 g/kg)
CeHyFn Water Solution 1558141
4 55 ( "l as compared with
with 10° M = 10-° g/L of C¢, group 1and2) .,

S wuawipacom,com.
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Tumors Sizes (mm®) and Tumor Growth Suppression (+%) in Mice
(n =10, Cs;BL females) with Transplantable Ovarian Tumor During the

Preventive Intake of Micro-Dozes of Hydrated C¢, Fullerene (HyFn) and at

the Treatment by Means of HyFn of the Experimental Cancer Pathology

Gr oups of mice Beginning of After of 10 days After of 16 days  After of 26 days
tumor trasplantation

0. The control with transplanted tumours 0 266 0% 4267 0%|24970 0%

1. HyFn drinking (12 days) befor trasplantation 0 88 67%| 1283 7T70%| 11720 53%
Total dose of C 5y = 1,8 u g (0,09 mgrkg) 1.8 ug (0,036 mg/kg) | mmmm eem | emm eem | e am

2. HyFn drinking befor and after trasplantation 0 273 3% 2719 36% | 19753 21%
Total dose of C 4y = 5,6 ug (0,28 mg/kg) 1,8 g (0,036 mg/kg) +1,5 ng +0,8 ng +1,5png

3. HyFn drinking after trasplantation 0 313 -18% | 2118 50% | 12314 51%
Total dose of Cyy = 3,8 ug (0,19 mgkg) | - --- +1.5 ug +0,8 ug +1,5 pg

4. 1/p injection of HyFn after trasplantation 0 118 56% | 1798 58% | 16513 34%
Totaldose of Cyy = 16 ng (0.8 mgkg) | === -——- +6ug +6 pg +4 g

[Cp] =~42 nMIL = 0,03 ug/ml
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Tumor size, cm 3

Tumors sizes (cm®) and tumor growth suppresion (+%) in mice
(n =10, C5;BL females) with transplantable ovarian tumor during
the preventive intake of micro-dozes of hydrated Cg, fullerene

(HyFn) and at the canaer treatment by means of HyFn.

0 - control group

1- HyFn drinking before and

3- HyFn drinking after and

2 - HyFn drinking before and after
t umor transplantation

30 T
4- HyFn //p injections to animals
with tumors
0, 2 4 3 1
25 | control in deat s x oo
20 + 29% ',f'..
34% .o
15 ¢ i
51%"
= 53%
10 +
5 .
0= | 1 1 1 1 |
0 5 30 35 40 45 50

Days 104
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Sizes of Tumors (cm®) and Suppression of Tumor Growth (%) in Rats
(N =10, ACI Males) with Transplantable Prostate Cancer During the
Preventive Intake of Micro-Dozes of Hydrated C¢, Fullerene (HyFn) and at
the Treatment of the Experimental Cancer Pathology by Means of HyFn

Injections
Suppression of tumor growth after Suppression of tumor growth during the
drinking of HyFn (8 days before tumor _ .trea.tment of animals by i/v and i/p
transplantation). Total dose of Cg = 6pg injections of HyFn; total dose of Ceo =
correspondingly.
100
90 + 0% . 188 T
80 T Control A 0%
70 + <'>E 80 T c X .
S 701 ontrol B .
60 + 3 " 4-1
Q 60 -
50 N
40 + o 07 (39%" 4-2
5 40 |
30 1T E 30 1 58%
20 F 50
10 1T 10 4
0° 1 0 % ‘ | | |
0 40 50 0 10 20 30 40 50
ays 105
Days
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INFLUENCE OF CgHyFn PRETREATMENT ON THE
SURVIVAL RATE AND BODY MASS GAIN OF MICE
IRRADIATED WITH A DOSE OF 7 GY.

(Effective radioprotective dose of CgHyFn is less in 1-2 order than for Cg
fullerenols and amifostine [Coll.Surf. B: Biointerface, 58, 2007, 39-43])

1.0 Trestment Dravs after iradiation
(mzke) E 10 20 30
Intact conbrol 0 |+52 [+91 |+1a2X|+242
Irrachated comrol |0 | -12.9 |-32.0 — —
0.8 | Fullerene (0.1} [0 [-101 [-282 [-281 | —
Fullerene (1) 0] -113 (2214 | -16s | -2 T
e
=
&
5 LG
(]
o —— Control (n=40)
iy —C— C60 0.1 mgfkg (n=30)
= —— Ce0 1 mag/kg(n=30}
m L4
0
e
o
o
0.2 Fisher exact p=0.03
0.0 1 iO .

0 5 10 15 20 25 30 106
Days after imadiatbdon
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Restoration of Blood Hemoglobin (Hb) Level After Laparoscopy (20.05.98) and
Course (30.06-27.07.98 and 11.08-02.09.98) of y-Therapy (61,4 Gy) in the Patient
with Rectal Adenocarcinoma (T3;NM;P3) under Treatment by Super Small

Doses of Hydrated Cg, Fullerenes (HyFn).

160 +
-l
E 29.12.98
(o)) 140
'd 11.08.98
I 120
100 01.0698 30.06.98
80 -
60
40 | y 1 ‘ | } } }
© © © © © © o : |
o @ @ ® > 3 2 © 0
1) © ~ © o o ° % 3
o =) Q o 3 e c N a
To) < < I o S - = -
o o o o o e p = -

BoccranoBisienune ypoBHs remorioousa kposu (Hb) mocie manapockonnu (20.05.98) n kypca
(30.06-27.07.98 1 11.08-02.09.98) y-Tepanuu (61,4.1'pait)
y NalUeHTa ¢ peKTajJabHoi ageHokapuuHoMoii (T;NM;P;) npu Jiedennn cBepxMaabIMu 103aMH 107
ruapaTupoBanubix Cg) pyaiaepenos (HyFn).
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HYDRATED Cso FULLERENES PREVENT PROCESS of
EXPERIMENTAL ATHEROSCLEROSIS DEVELOPMENT and
FACILITATE the ATHEROSCLEROTIC LESIONS REVERSION.

Gistological and histochemical methods were used for investigations of hydrated Cg, fullerenes (HyFn)
aqueous solutions on the process of experimental atherosclerosis development in animals.

During 5 months, four groups of animals (40 males of “Shinshilla” rabbits) were investigated, namely:

(A) intact ones;

(B) rabbits, which received oral cholesterol load (200 mg/kg/day) during S months in accordance with
the scheme:

S days of cholesterol diet, 2 days of rest;

(C) rabbits, which received HyFn only (6 i/v injections for 3 months; Total dose of Cg, = 0.6 mg/kg of
b.w.);

(D) rabbits, which received oral cholesterol load during 5 months, and from the beginning of the
fourth month of experiment, have been treated with HyFn (4 i/v injections for 2 months; Total dose
of Cgp= 0.4 mg/kg of b.w.).

CONCLUSIONS (with photo on the next slide)

1.- On the Fourth Month of Cholesterol Diet (Group B), in Aorta Intima, in Heart, Liver and Kidneys
Tissues of Animals the Multiple Lesions, Typical for Experimental Atherosclerosis, were Observed.

2.- Intravenous Injections of HyFn to the Rabbits (Group C), which were on the Standard Diet, haven’t
Resulted in any Morphological and Ultrastructural Alterations in Cardiac Vessels and Another
Organs.

3.- Beginning from the Fourth Month of Experimental Atherosclerosis Development (Group D),
Treatment with HyFn Stopped the Progression of it and Promoted the Reversion of Atherosclerotic 108

Lesions.
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Cq HyFn IMPROVED SIGNIFICANTLY THE
PERFORMANCE OF
THE COGNITIVE TASK IMPAIRED BY AMYLOID
PEPTIDE AB;s.3s

Examples of a computer display of the tracks covered by representative rats in the
Morris watermaze experiments with AP,s.35 and CeoHyFn :

(A, B) the control rat after the i.c.v. injection
of 0.9% NaCl (1st, 3d, and 5th trials);

(C, D) the rat after the i.c.v. injection
of the aggregated APs.35;

(E, F) the rat after the i.c.v. injection
of the CeoHyFn before AP,s.3s.

(A, C, E) the first sessions and

(B, D, F) the second sessions, 72 h after the first session.

Conclusoins:

1. Lc.v. injection of a small CsoHyFn dose 3.6 nmol (2.6 pg)/ventricle did not
affect the performance of the complicated cognitive task in control rats.

2. CeoHyFn at a dose of 7.2 nmol (5.2 pg)/ventricle improved significantly the
performance of the probabilistic cognitive task in a normalcy.

3. Moreover, a single injection of CsoHyFn at a dose of 3.6 nmol (2.6 pg)/ventricle
prevented the AP,s.3s-induced impairment of the performance of the cognitive task.

I.Ya. Podolski, Z.A. et al.,. EFFECTS OF HYDRATED FORMS OF Cg,
FULLERENE ON AMYLOID B-PEPTIDE FIBRILLIZATION IN VITRO AND
PERFORMANCE OF THE COGNITIVE TASK. J. of Nanoscience and 110
Nanotechnology, 7, (4-5) (2007) 1479
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Toxicology 246 (2008) 158-165
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Nanostructures of hydrated Cg fullerene (CgoHyFn) protect rat brain
against alcohol impact and attenuate behavioral impairments
of alcoholized animals

Artem A. Tykhomyrov®*, Victor S. Nedzvetsky ?, Vladimir K. Klochkov "
Grigory V. Andrievsky "

* Narienal University of Dnigpropetrovsk, 49050 Daiepropetrovsk, Ukraine
b ISMA NAS of Ukraine, STC “Institute for Single Crystals”, 61001 Kharkiv, Ukraine

Received 21 November 2007 ; received in revised form 5 January 2008; accepted 7 January 2008
Available online 18 January 2008

Abstract

It is well known that chronic ethyl alcohol (EtOH) consumption is capable to injure brain cells and to cause essential abnormalities in behavioral
characteristics of animals addicted to alcohol. In this work we for the first time have shown that administration of aqueous solutions of hydrated Cg,
fullerenes {CeHyFn) with Cgy concentration of 30nM as a drinking water during chronic alcoholization of rats (a) protects the tissues of central
nervous system (CNS) from damage cansed by oxidative stress with high efficacy, (b) prevents the pathological loss of both astrocytes (the main
cells of CNS) and astrocytic marker, glial fibrillary acidic proteins (GFAFP) and, as consequence, (¢) due to their adaptogenic effects, Co;HyFn
significantly improves behavioral response and eliminates emotional deficits induced by chronic aleohol uptake. The wide range of beneficial
biological effects, zero-toxicity, and efficacy even in super-small doses provide a rationale for the possible application of CeHyFn for the treatment
of alcohol-induced encephalopathy as well as alcoholism prophylaxis.

@ 2008 Elsevier Ireland Lid. All rights reserved.

Keywaords: Ethanol; Fullerenes; Hydrated Cgy fullerene 1 1 1
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Antioxidat Activity of Hydrated Fullerenes is
stipulated their ability to regulate free-
radica processes in aqueous medium by
‘wise’ manner.

AHTMOKCUpaHTHaA AKTUBHOCTb TmapaTnpoBaHHbIX
dynnepeHOB 00ycnoBrieHa UX CNOCOOHOCTbLIO
perynupoBaTtb B BOAHOU cpeae cBOOOAHO-
paauKanbHble npouecchl (peakumn) «pasyMHbIM»

obpa3om.
113
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Antioxidative Properties of Hydrated C;; Fullerenes (HyFn)

e WWW.EDAGOM COMm

Experimental Co;;en t;‘a[t)iuns Index Antioxidative
t
Models N Hvdrated .. | of Oxidative Activity Effect
{+ HyFn) o yarate 4% (IOA) I0A Changes in Comparison
¢ Fullereme : with the Contrel Experiment
ie.. without HyFn addition)
IN VITRO p ML
Fat Spentanecus
Hepatocytes 10-3.0 Chemoluminescence 128
Hurmam TBARS
) . 15 {Thiobarbituric Acid I
:ET! thro cytes Reacrive Subsrances)
Blood Serum TBARS
Fi BICI B
I:Prg;_ujmﬁ:::lf:h 5.0-50.0 {Thioharbituric dcid 4.00 J'
Fal* ioms ) Reacirve Subsrances |
IN VIO mg'lg
R . Indh after HvFn
Oxidative Stress Malonic Dialdehyde injection;
(Fams. Indoction by 0.20
q:eanc;:f uf? f ip; In Liver: 230 1
]EJ::‘M iu::] once enly ) In Blood Serum: 308 J|
Experimental 0.4 Sponmneous In 10 weeks after
Atherosclerosis (4x01; i Chemoluminescence treatment with HvFn
{Rabiits; Trestment) | 4 fnjecr_for & wesks ) Blood Ssrum 400 4
Inl d_a'!.' af_’mr HyFn
In Bloed Serum: mechon.
An tﬂ‘fm“:n e _ GSH (H-Glutathions) 200 T
Glomerulo- D'_'k‘_ SH-groups 44 T
nephritis iy . Conjugared Denes 1.46 4
{Disease of oncs anly ) Malonic Dialdehyde 132 4
Kid -
(Rats 'lT‘rZ::::em] EOD (Superoxidedizmuraze) 152 L
’ In Brain:
Histemine 125 L
Levoronin 251 T
I 10 daws In 20 davys
Immumne In Brain- after HyFn | after HvFn
Deficiency 0.45
with Burn {im 0.00; Ay Histamine 217 - 196 L
Disease once daily for 3 days ) Eeroronin .00 —- 224 T
Mice; Tresment
(ice: Treamment) Histamine of Skin Tissue | 147 4 | “NORM!” 114
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In numerous and multi-faceted experiments in virto,
on modelling pathologies in vivo, and also by
official pharmacological and clinical trials it has
been unequivocally shown that hydrated Cg,
fullerene (CgoHyFn) in a wide range of doses,
including super small, shows unique and "wise"
antioxidant properties.
The reason of these is the properties of special
structures of water which C4,HyFn organises and

supports round itself.

In addition see on:

http://www.ipacom.com/index.php/en/fullerenes-and-water-left/78
T wwavipacom.com|
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B MHOrouMcneHHbIX U pa3HONMaHOBbLIX 3KCNepPUMEeHTax /n
virto, Ha MoAaenbHbIX NATONIONMUAX /N Vivo, a TaKxe
odhuumanbHbIMU papMaKkonorM4eCKUMM U KNMHNYECKUMU
UCNbITaHUAMMU ObINIO OAHO3HA4YHO NOKa3aHo, YTo
ruapatnpoBaHHbInN dynnepeH Cg, (CgoHYFN)

B LULUPOKOM Anana3oHe 403, BKNYyasa n cBepxmanble,
nposiBnseT YHUKanbHble, «pa3yMHble» aHTUOKCUAAHTHbIE
CBOUCTBA.

[MpnynHa ToMy — CBOMCTBa OCOObLIX CTPYKTYP BOAbI,
koTopble CgHyFNn opraHnsyeTt u nogaepxmBaeTt BOKpYr
cebs.

NogpobHee ¢ 3TUM MOXHO 03HAaKOMUTBLCS Ha HaLLeM calTe Mo CCbINKe:

http://www.ipacom.com/index.php/ru/fullerenes-and-water-left/78
116
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Probable Scheme of Processes of Free Radical (FR) Absorbtion,
Concentration and Recombination Under the Influence of the Ordered
Water Structures Formed Around the Hydrated Cg, Fullerenes (HyFn).

FR Recombination

j.j.’ Neutral Products llfj
[ (in Bulk Water):

: FR Formation |00 n bl e

The Preceding and Y
: New-Formed ;
Molecules After
Reaction of FR
=3 -\ Recombination
Some Variants of FR):
3 Absorbtion and
Concentrating

of Hydrated |-~
Free
Radicals
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(EMIPAC

Puc.3 BepoAamHAan cxeMa npolyecca abcopbyuu,
KOHUeHMpUpoOSaHUA U peioMBUHAUUU c80600HbIX
padukanos (CP) no@ enuAHUEM YyNopAAOYEHHBIX
SO0dHLIX cmpykmyp, chopMuposasliuxca 6oKpys
2udpamuposaHHoao Cgy bynnepeHa (HyYEn).

E—"’—Luiﬂﬂe— { Heiirpansnere
C MAARREABLL ':f:-:tiplmyxmpeaxunn

| pexombanaunn CP
(B ofBeMHOIT BoTe)

IIpegmecTByROmMNE H BHOED L3 I
: o0pa3oBaHHBIE MOTERY.IET L
: MoCIe pearmHn S
A pexombuaagun CP

P a3 IHYHBIE BAPHAHTE] SR
abcopbumnn B KoH-
uenTpEpeEagna CP

THRA
rHAPATH-
POBAHHEBIX
CcEODOIHBIX
PAINKAICE

¥nopAJouYeHHBIe BOIHELE
: ofoJ0MKNR

""" ~| "Ceobognag", |
| Obpemuan Boga |
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It is important that hydrated Cg, fullerene:

(a) does not suppress the natural level of free radicals in the organism, but
becomes active only under conditions of their increased concentration. The
more that free radicals form in the organism, the “more” active hydrated
fullerene become to neutralize them;

(b) does not possess of prooxidant properties because:

--- it is not capable to stimulate the formation of strong oxidant - singlet oxygen
('O,). The reason for it is that the strong water shell surrounding Cg, molecule
does not allow O, molecule to come nearer and to contact directly with Cgq
surface so that subsequently the energy of photoexcitation of Cgy molecule
could be transferred to O, molecule with formation 'O..

--- it is not capable to capture from without the free electron with formation of
Cgo-anion radical (C60°_), which subsequently could transfer its unpaired

electron to O, molecule with formation of strong oxidant - superoxid-anion

radical (02°_). The reason for it is that in donor-acceptor complex Cgy@{H,O},

the Cgy molecule is already "saturated" by external electrons (from O-atoms of
water molecules) and as consequence of it the hydrated Cgy has lost its former
electron-acceptor properties and is not able to form C60°_. 119
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BaxHo, YTO rugpatupoBaHHbIn cdynnepeH Ceo:

(a) He NnogaBnNsIET eCTECTBEHHOIO YPOBHS CBOOOAHLIX paanKkarnoB B OpraHn3me,
a CTaHOBUTCS aKTMBHbLIM NULLb B YCITOBUSIX MNOBLILLIEHUS UX KOHUEHTpauun. A
yeM Oorblue obpasyeTcss cBODOAHBIX paguKkanoB B opraHn3me, TeM "akTuBHee
rmapaTupoBaHHbIN OYNIIEPEH NX HENTPANuU3yerT;

(6) He obnagaeT cBOMCTBaAMM MPOOKCUAAHTA, T.K.:

--- OH He cnocobeH cTumynupoBaTb 0bpazoBaHNE CUITbHOIO OKCUOAHTA -
cuHrnetHoro kucnopoaa ('0,). MNpuynHa 3ToMy ecTb To, YTO NPOoYHasi BOAHAs
obornoyka, okpyxatowaa monekyny Cgo, He Nno3sonset monekynam O,
NpPUoNN3nNTLCA U HENOCPEOACTBEHHO KOHTAKTUPOBATb C NOBEPXHOCTLIO Cgy AN
TOro, YTOGbLI B NOCneayLwemM aHeprus potoBo3byxaeHna monekyrnbl Cgy MOrna
6bl nepenatbesa Ha monekyny O, ¢ obpasosaHuem '0,.

--- OH He cnocobeH 3axBaTbiBaTb N3BHE CBODOAHbLIN 3NIEKTPOH C 06paszoBaHMEM
Cego-aHMOH pagukana (CGO°_), KOTOpPbIM B NocneayLwem mMor obl nepeaatb CBOU
HenogeneHHbINn 3NekTpoH Ha monekyny O, ¢ obpa3oBaHMEM CUNBHOIO
OKCuOaHTa - cynepokcua-aHNMoH pagukana (02'_). [MpnynHa aTOMY €CTb TO, 4YTO
B OHOPHO-aKuenTopHoM komnnekce Cgo@{H,0O},, Mmonekyna Cgy yXe
«HacblLEeHa» BHELWHUMM anekTpoHamu (o1 O-aToMOB MOMeEKys BoAbl) U, Kak
CeACTBME Takoro, OHa NoTepAna CBOM NPexXHME 3MEKTPOH-aKLENTopHbIe
CBOWCTBA, a criegoBaTenbHO U CnoCcOOHOCTbL 0Opa3oBbLIBaThL C60
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VARIOUS SORT OF HYDRATED NANOPARTICLES WITH THE SIZES FROM 3 UP TO 30

nm CAN POSSESS BIO-ANTIOXIDANT PROPERTIES BUT WHICH, IN VIEW OF THEIR
CHEMICAL NATURE, DO NOT ABLE TO PARTICIPATE DIRECTLY IN CHEMICAL
REACTIONS WITH FREE RADICALS.
SUCH IS CONNECTED WITH THE NATURAL WATER ORDERED STRUCTURES, IN WHICH
THE SIMILAR NANOPARTICLES ARE CAPABLE TO BE EMBEDED AND SUPPORT THEM.

- hydrated Cg,_fullerene and it fractal associates with size 3.4, 7.1, 10.9, 14.5,
18.1, 21.8, 25.4, 28.8, 32.4, 36.0 nm [1];

- CeO, with size 3-5u 7, 20, 30-50 nm [2, 3];

- Y,0; c pasamepamu 6 n 12 Hm [4];

- Ag with size ~ 15 nm [5];

- nanodimond with size 3.4-3.8 (2-10) nm [6].
- BaTiO3 (?) with size 10-100 nm [7]

[1] G.V. Andrievsky et al. Fullerenes, Nanotubes and Carbon Nanostructures, 13 (4), (2005) 363.
[2] S. Babu et al. Chem. Phys.Letters, 442 (2007) 405.

[3] B.A. Rzigalinski. Nanomedicine, 1 (4) (2006) 399.

[4] D. Schubert et al. Biochem. Biophys. Res. Commun., 342 (2006) 86.

[5] J. Tian et al. ChemMedChem, 2 (1) (2006) 129.

[6] A.M. Schrand et al. J. Phys. Chem. B, 111 (1) (2007) 2. 121
[7]1Y. Katsir et al., J. Electrochem. Soc., 154 (4) (2007) D249.
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BuoaHTMokcMpgaTHbIMM CBOMCTBaMU 00nagaroT pa3fiuyHoOro poaa
f'mapatnpoBaHHble HaHo4YacTuubl ¢ paamepamu ot 3 A0 30 HM, HO
KOTOpble, BBUAY UX XUMNYECKOU NpUpoabl, He y4aCTBYHOT caMM
HenocpeacTBEHHO B peaKLMAX CO CBOOOAHLIMU paaMKanamu.
Takoe cBA3aHO C eCTeCTBEHHbIMU YNOPAAOYEHHbLIMU CTPYKTYpaMu
BOAbl, B KOTOPbIe NOAOOHbLIe HAHOYACTULbI CMTOCOOHbLI «BMUCLIBATbLCAY
U noanepXXmBaTtb UX.

* - rmapatvpoBaHHbIX dynnepeHoB Cg M UX hppakTanbHbIX accoumaTtoB c¢ pasmepamu 3.4,
7.1,10.9, 14.5, 18.1, 21.8, 25.4, 28.8, 32.4, 36.0 nm [7];

- CeO, c pasmepamu 3-5un 7, 20, 30-50 nm [2, 3];

- ¥,0; c pasamepamu 6 u 12 Hm [4];

- Ag c pasmepamum okono 15 nm [5];

- HaHoanma3oB ¢ pa3mepamu 3.4-3.8 (2-10) Hm [6].
- BaTiO3 ¢ pasamepamu 10-100 Hm [7]

[1] G.V. Andrievsky et al. Fullerenes, Nanotubes and Carbon Nanostructures, 13 (4), (2005) 363.

[2] S. Babu et al. Chem. Phys.Letters, 442 (2007) 405.

[3] B.A. Rzigalinski. Nanomedicine, 1 (4) (2006) 399.

[4] D. Schubert et al. Biochem. Biophys. Res. Commun., 342 (2006) 86.

[5] J. Tian et al. ChemMedChem, 2 (1) (2006) 129.

[6] A.M. Schrand et al. J. Phys. Chem. B, 111 (1) (2007) 2. 122
[7]Y. Katsir et al., J. Electrochem. Soc., 154 (4) (2007) D249.
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Kakum domxeH bbimb udearibHbIU "aHmuokcudaHm'"?

B ceHTAAOpe 2005 B cBOoemM nucbme akagemuky PAH CkynayeBy B.[1. 6b1nu BbiCKa3aHbl
MbICSIM MO NOBOAY TOro, KAKNMN CBOMUCTBaMM AOJIKEeH Obin Obl obnagatb uaearibHbIN
6unoaHTnokcuaaHt (BAO) n KoTopbin, B HaCTHOCTM,

(a) HeuTpanusoBbIBan 6bl TONMbLKO N30LITOK CBOOOAHLIX paguKanoB MU He 3aTparmean Obl
MX YpOBEeHb, MMUHUMANbLHO HEOoOXoAUMbLIN ANA HOpManbHOro ¢yYHKLMOHMPOBAHUA
Gnonorn4yeckom cNcTemsl;

(6) perynupoBan 66l cBOOOAHOPaAUKaSNIbHbIE NpoUecChbl Ha YPOBHE KaK rmapocdoOHbIX,
Tak U rmaponnbHbIX KOMNAPTMEHTOB OMONMOrM4eCKou CUCTEMbI B LIeJNIOM;

(B) He nameHsAN Obl eCTeCTBEHHbIE COCTOAHUA FMApPaTHbIX 000M04YeK, HenocpeacTBEHHO
OKpYy>XarwLWmnX HOpManbHble (HaTUBHbLIE) OMONorMyeckue CTPYKTypbl U, OGonee TOro,
ctabunusunposan 6bl U To, U gpyroe;

(r) He BocnpuHMMancsa Obl OpPraHU3MOM, KaK 4YyXepogHoe BelwecTBO, T.e. Obin Obl
HETOKCMYHbIM B LUeNIOM, HEMMMYHOIeHHbIM U T.M., @ HA YPOBHE KNeTK!, He BNuAn Obl Ha
ee HopMaribHbI rOMeocTas;

(a) vmntTnpoBan 6bI paboTy hepMeHTOB aHTUOKCUAAHTHOM 3aLUUTbI, Hanpumep, Obis Obl
CO-MmumeTunKoMm;

(e) pabotan Obl Kak cBoeoOpa3HbIM KaTanuM3aTtop cCamMoOHeuTpanusaumm cBOOOAHLIX
pagvKanoB B O4YeHb ManbiX O03aX U B TeYEeHUe ONUTEeNIbHOro BpeMeHu (Hanp. OHW,
Heaernu) nocne oAHOKpPaTHOro BBeAEeHUSA B OpraHM3Mm.

Kak nokaszanu Hawwu, 6onee 4yem 16-u netHme uccrnegoBaHUs, YAOBNEeTBOPUTb TakKUM
TpeboBaHUAM B HacTosiLlee BPeMSA MOXET TONbKO rugpatupoBaHHbIn dynnepeH Cg
(F®Ceo, CeoHyFnN) 123
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VARIOUS INTERESTING
FACTS AND COINCIDENCE
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SCIENMCGE FOR LIFE

T
33.6A
= Step of DNA 3 Pairs of Nucleic
Double Helix Bases

= Triplet = Codon

dDNA =18 A
d=17-18 A for
Coo@{H,0}, = HyFn

Correspondence of the DNA Segment Structure in B-Form to
the Geometry of Cg, Molecule (10 A) and
First Spherical Cluster of Hydrated (Cgo)13

with Diameter of ~34 A. 125
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Diagrams of Clathrin Trimers (Triskelions) and Their Packing
Arrangement in a Cage (HC, protein heavy chain; LC,
protein light chain).

Reproduced from Harisson 5.C. & Kirchhausen T, Cell, 33 {(1983) 650 and cited by Wileman T, Harding C_, 5tahl P,
Receptor-Mediated Endocytosis. (A Reviw Article), Biochem. J., 232 (1985) 1-14.

HC

Intracellular Membranes
Surface with Lipid Vesicles
Coated by Clathrin Cages
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Fungal growth on
buckminsterfullerene

Buckminseetfullerene (colloguially known |
a5 huckyballs} is a recently discovered C80 1
causing. |
considerable interest in organic chemisery !
i floating buckminsterfullerene, The fungus
[ failed to sporulate on buckminsterfullerene |

allotrope of carbon which s
laboratories around the world, not least

because it has  considerable  industrial

potential as a catalyst and lubricanr (1), Tr i3
3 hlack powder which looks very like fine
' a species of Pertcilliiom,

charcoal or soor,

Although the chemical and physical
properties of buckminsterfullerene have been |
widely studied, little s knewn abour the |
biological properties, if any, of this carbon
allotrope. From irs structure, however, it |
i owere observed, which is not surprising, since

seems unlikely that it would be biologically
unreactive. Despire this, a novel tullerens
derivative has been found 1o block an enzyme
found in human immunodeficiency virus |

We recently  exposed  buckminsre
fullerene (Fluka, Chemica} in ulcrapure water
1o the laboratory armosphere (25 mg in 100
ml water, i chromic-acid-washed glass
Perri dishes; 10 dishes per rrearment) wo see if
contamnanng fung would grow on it in the
absenge of any added nurrients. The dishes
were |eft for 7 d at room temperature (approx.
18-20 *C), followed by a further 7 d
ingubarion wirh the Perri dish lids replaced.

After this period, fungal mycelivm was
clearly seen (in all of the 10 Perri dishes) with |
the naked eye growing from a clump of |

(Fig. 1), but grew well and sporulated on |
Crapek Dox agar (Oxoid); it was identified as |

The fungus could have originated from the
laboratory air or, since the buckminster-
fullerene was not sterilized, from the powder
itself, Mo obvious signs of degradavion of
buckminsterfullerene due to fungal growrh

is unlikely thar a fungus could use thi
allotrope as a ».ulc source of \arhuu

oligotrophically lly_ on hu?gﬁ?ﬁsrtrfu‘lmenc
using_nutrients '-caung&i from the air
Fungi can grow in this way, apparenthy—by
cavenging cpmbined forms of catbon and
nifragen,_toom, the_atmesphere (4). Havin
said this, no fungi were seen growing in dishe
neubated  alongside  those  containing
buckminsterfullerene bur containing only
ultrapure water, ln_addizion, mycelium did
not appear. UJE_MM;INN[ when added |

=3

! engouraging surface,
can absorb pases, such as hydrocarbons and
ammonia (3] which could act as nutrient

F.Pg' 1. Scanning electron micrograph showing a contaminant of a species of Femcalluim growing
; on buckminsterfullerene in ultcapuise warer. Bar, 10 um.

to ulrrapure water; a facr which suggests that
mould growth on buckminsterfullerene was
not merely due to it acting as a growth-

Buckminsterfullerene

» GUIDELINES

Communications should be in the form
of letters and should be bricf and to the
point. A ¢ingle small Table or Figure may
be included, as may a limired number of
references (cited in the et by numbsers,
and listed in alphaberical order at the end
of the letrer). A short title {fewer than 50
characrers) should be provided.

Approval for publicarion rests with the
Editor-in-Chief, who reserves the right to
edit letters and/or ro make a brief reply
Other interestesd persans may alss be invited |
to reply The Editors of Microbiofogy do
mor necessatily agree with the views
expressed in Microbiofogy Comment.
Contributions should be addressed to the
Editor-in-Chief via the Editonal Office.

Microbiology Comment

sources for microbial growth. As a result,

source (it 15 also possible that, despite

minants).

under a moist condition -

medicine.

“ofganic carhon needed to ger life started.

BF else it may have helped extraterrestrial
micro-organisms to grow once they had
arrived on the planet.

Microbiology 143, July 1997

2097

One theory “of the orig; origin of life, panspermia, |
suggests thar lif¢ came to this planer |
from outer space. The fact that fungi, and !
presumably also. bacteria, can grow on ;
buckyballs in the absence of added putrients
suggests the possibility thar life may have :
travelled to. Earch on buckminsterfullerene

i Milton Wainwright* and Abdullah M.
iv is likely that the fungus grew on air-borne
nutrients absorbed by the particles, rather ;
than by using the allotrope itself as a carbon |

Falih
Department of Molecular Biology and
Biotechnology, University of Sheffield,

_ ! Sheffield, S10 2UH, UK.
its stated purity, the sample of buckminster- ;

fullerenc used here contained organic conra- ext. 4410, Fax: +44 114 272 8697,

: 1. Calotta, E. & Koshland, DLE. {1991). Molecule af the

These observarions ence again illustrate { year, buckyballs: a wide open field for chemisrs. Science

the marked ability of fungi 1o in_the :
1EEarem. “absence of HuTREnts. ;Ecy also ¢
su t that buckmins i enzyme. Sci Mews 144, 87

BECS terfulletene, even when | 3 Stroh, M. {1992}, Serendipiry yields buckybali trap for

not contaminated with other substrates, will | pases. Sei News 141, 356-357,

become overgrown with moulds when stored
a possibility that |
should_be borne in mind should buckmin- :

ety - i Dekker.
sterfullerene éventually be used in industry or

*For correspondence. Tel: +44 114 768555

2154, 17061701,
2. Lipkin, B, (19%3), Novel buckyball blocks AIDS virus

4. Wainwright, M. (1993). Oligotcophic growth of fungi
— stress or narural starc? In Steess Toleranice of Fuorgi, pp.
127-144. Edited by D H. Jenmings. New York: Marcel

5. Zimmer, C, {1996}, Buckyballs frem space. Discover

{1730,
Buckminsterfullerene can have an.iprer- |

siellar origin and may have played a role in

the origin of life. Fullerenes have been found

in a crater near Sudbury, Ontario, Canada, :

formed some 1.5 billion years ago when a i

mereorite the size of Mount Everest fell to

Earth (3). Buckerminsterfullerene deposited

b} meteorites may therefore have provided the
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IMAGES OF ACI FROM:

MINERAL WATER:
“ROGANSKAYA”, ALPINE WATER “MORSHINSKAYA”,
Kharkov, Ukraine “EVIAN” Ukraine
TDS 300 mg/L TDS 270 mg/L TDS 80 mg/L
TAP WATER, “FULLERENE
Kharkov, Ukraine WATER”

TDS 450-500 mg/L
IPAC LLC,
Kharkov, Ukraine
TDS 0-2 mg/L
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FULLERENE WATER ICE
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In XX century, Nobel laureate Albert Szent-Gyorgyi stated that:

“BIOLOGY HAS FORGOTTEN CELL WATER, OR
NEVER DISCOVERED IT.”

B 70-x ropax XX Beka HobeneBckun naypeatr Anbbept CueHT-Odbepau
3asiBUJ1 O TOM, YTO:

“BUONOIMNA 3ABbUIA KITETOYHYIO BOAY, U
BOOBLUE HUKOI'OA EE HE OBHAPYXUBAIA.”
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In the words of A. Szent-Gyorgyi,
«Life is water dancing to the tune of solids».

(*K13Hb - aTO ecTb BOAaA, TaHUyowWwas
nog Menoguo Teepaeix Matepui)

but in the words of G. Andrievsky,
«Life is the carbon-contained solids dancing
to the tune of ordered structures of water».

(PKun3Hb - 3TO ecTb yrnepoacoaepxalyume
TBEepAble MaTepuu, TaHuyloLwme nog,
Menoguio YNopsiAoUYeHHbIX CTPYKTYP Boabl)

132
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In the words of A. Szent-Gyorgyi,

“Life is water dancing to the tune of solids”.
(ZKXM3HB - 3TO €CTh BOAA, TAHIYIOLIAS IO MeJIOUI0

TBEPAbIX MAaTEPHil)

but in the words of G. Andrievsky,
“Life is the carbon-contained solids dancing to the

tune of ordered structures of water”.

(Ku3HB - 3TO €CTh yIJepoaAcoaepKaiiie TBepable MAaTEPUH,

TAHIYIOLIUE 1101 MEJIOAHUIO YIIOPSA0UYEHHbIX CTPYKTYP BOAbI)
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Ceo Fullerenes

in Cosmos
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(EDIPAC
THANKS
FOR YOUR
ATTENTIONI

And we are certain that fullerenes can still offer many
remarkable surprises, both in the sphere of science and in
life!l!

CMMACUBO
3A
BHUMAHMUE!

U y6exdeHbl, Ymo ¢pynnepeHbl ewe crnocobHbI npuHecmu
HemaJsio yousumeJsibHbIX CHOPIPU308 U 8 HayKe, U 8 Xu3Hu!!!

TN g m
LIpACOM.Com |
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‘Reality does not speak to us objectively, and no scientist can be free from
constraints of psyche and society. Most of us are not naive enough to believe
the old myth that scientists are paragons of unprejudiced objectivity, equally
open to all possibilities, and reaching conclusions only by the weight of
evidence and logic of argument. We understand that biases, preferences,
social values, and psychological attitudes all play a strong role in the process
of discovery. However, we should not be driven to the opposite extreme of
complete cynicism — the view that objective evidence plays no role, which
perceptions of truth are entirely relative, and those scientific conclusions are
just another form of aesthetic preference. Science, as actually practiced, is a
complex dialogue between data and preconceptions. The greatest impediment
to scientific innovation is usually a conceptual lock, not a factual lack.”

Harvard paleontologist - Stephen Jay Gould

in: NANO-STRUCTURED AQUEOUS SOLUTIONS AS A SUPPORT BASE TO
OPTIMIZE COHERENT CELLULAR COMMUNICATION.

© Copywriter July 1, 2002/03 All rights reserved 142
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“NencTBUTENbHOCTbL HE rOBOPUT C HAMU OOBLEKTUBHO, U HUKAKOMN YYeHbIN He
MOXeT ObITb CBOOOAEH OT OrpaHM4YeHHOCTU AywUn U obuecTBa. BonbWHUHCTBO
U3 Hac He AOCTAaTOYHO HauBHbI, YTOObI BepuUTb CTapoMy MUy, YTO Yy4eHble
ABNAIOTCA OoOpasuamMu 6ecnpucTpacTtHOM OOBHLEKTUBHOCTU, OOMHAKOBO OTKPThI
KO BCEM BO3MOXHOCTSAM, U AOCTUraloT BbiBOAOB TOJIbKO 3a CYeT B3BelUuMBaHuUA
O4YeBUAHOCTU N NOrUYeckux aprymeHtoB. Mbl noHUMaemM 4YTOo npeayoexaeHus,
npeanoYTeHus, counaribHble LLeHHOCTU U NCUXONOrM4Yeckne opmeHaumm Bcsl 3To
urpaet CUJNibHYKO porfib B Mnpouecce HayvyHoro oOTKpbiTuA. OgHako, HaM He
cnepyet 6pocatbCA U B APYryHO KPaMHOCTb MOSIHOrO LMHU3MA, a UMEHHO B
npeancrtaBreHne, YTo o6 bLEKTUBHAsA OYEeBUOHOCTb He UrpaeT HMKAKOU ponu, U
YTO BOCNPUATUE UCTUHBLI ABNAETCH MOSTHOCTLIO OTHOCUTENbHBLIM, U Te Hay4Hble
3aKNn4YeHnsa SBNSAEeTCA TOJNMIbKO nuwb Aapyron ¢GopMon 3CTETUYECKOro
npepgnoyteHns. Hayka, Kak (hakTUYeCKU CINOXWUIIOCh, SBNSAETCS CJIOXHbIM
ananorom mMexay daktTm4ecKUMU AaHHbIMU U NpeAB3ATbIMU  MHEHUSIMM.
OObIYHO camoe Oonblioe npensATcTBMEe K HAayYHOMY HOBLUECTBY 3TO €CThb
KOHUenTyanbHbIN  (MOHSIMUUHbLIG) 3aMOK (cmonop), a He HeaocTaTok
cbakTnyeckoro marepuana.’”
Harvard paleontologist - Stephen Jay Gould

in: NANO-STRUCTURED AQUEOUS SOLUTIONS AS A SUPPORT BASE TO
OPTIMIZE COHERENT CELLULAR COMMUNICATION. © Copywriter July 1,
2002/03 All rights reserved e
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