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A POROUS PERMEABLE WALL CONTAINING FERMENTOR
B FOR IN-SITU EXTRACTIVE RECOVERY OF BIOBUTANOL
FROM DILUTE FERMENT LIQUORS
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A new type of bioreactor containing a porous permeable wall to recover the biobutanol produced in anaerobic ABE fermentation processes
is presented. The ferment liquor is contacted with an organic solvent and the butanol in the fermentation liquor distributes between the
organic phase and the ferment liquor. The butanol containing solvent located at one side of the permeable wall is in a diffusion equilibrium
with a same kind of auxiliary solvent with lower butanol concentration located at the other side of the permeable wall. Due to the
concentration difference, butanol diffuses from one side of the wall to the other side. The concentration difference is kept to be constant by
continuous removal of the butanol form the auxiliary solvent phase in which the butanol concentration is always lower than in the
extractant phase but much higher than the butanol concentration in the ferment liquor phase. In this way, the primary extractant solvent
contacting the ferment liquor is only a transmitting media between the ferment liquor and a small volume of the auxiliary solvent separated
with the permeable wall. The energy demand of the distillation to remove the butanol from the auxiliary solvent is less than the energy
demand of the direct butanol recovery from the ferment liquor or from the extractant phase. The new reactor provides a possibility to
develop a continuous fermentation technology, continuous sugar adding and butanol recovery operating far below the toxic limit and
inhibition conditions of butanol in the ferment liquor.
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General consideration of two-phase extractive fermentation

From the start of the fermentation process, the butanol
concentration is allowed to increase up to the toxic limit
(Cr*, kg/kg ferment liquor) in the ferment liquor phase,
meanwhile the concentration of the butanol in the extractive
solvent (Cg') contacted with the ferment liquor can be
Introduction written as
* £
Biobutanol (n-C4HyOH) is the most promising biofuel of the Cr =KpCr )
near future. It can be produced by means of the so-called
anaerobic ABE (acetone-butanol-ethanol) fermentation not
only from food-grade resources like corn, but from various
waste materials of the agriculture and of the food production.

where Kg is the distribution coefficicient between the
ferment liquor and the extractant.

It means that the amount of the butanol formed can be

Although biobutanol has excellent fuel properties Writtenas

compared to ethanol, its production cost is very high
because of its accumulation in the ferment liquor leading to
the death of the fermenting enzymes even at low (~2%)
concentration. It means that large amount of wastewater
formation (98%) occurres and the recovery of the product
from the ferment liquor in a usual way (distillation) requires

D Xy =FC." +EC @

where F and E are the amounts of the ferment liquor (in kg)

a large amount of energy. Conclusively, the increase of the
butanol concentration and the produced butanol/used energy
ratio, respectively are the key factors for increasing the
feasibility of the production process. Increased productivity
can be achieved by the so-called in-situ extractive
fermentation in a new type of instrument reported here.

This fermentor separates the formed biobutanol via a
special porous permeable wall system. In this paper the
construction of the extractive fermentor system is described,
and the basic elements of the technology are discussed.
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and extractive solvent (in kg), respectively. By feeding the
same type of auxiliary solvent into the smaller reactor space
separated from the fermentor with a permeable composite
wall  (Fig.1), the concentration difference at =0 time
immediately induces a diffusion process which terminates
when the concentrations are equalized in the extractant
solvents located in the two separated reactor spaces.

If V1>0, then Cg definitely less than Cg*, because the
Cg=C, concentration can be expressed as

DOI: 10.17628/ecb.2012.1.1-3 1



A porous permeable wall containing fermentor for in-situ extractive recovery of biobutanol

*

EC},

- 3
E+pN ¥

Cr

where p; is the density of the organic extractant and ¥ is the
volume of the extractant in the separated reactor space.
Since the product of p,V1>0, thus E+ p;V;>E and

Cp< Cg* “4)

When higher volume for V) is selected, larger difference
between Cg and Cg* can be reached. Let a given V| be the auxiliary
solvent volume and the appropriate surface area of the permeable
wall between the £ and A phases be S;. The amount of the butanol
from the C, phase is supplied by diffusion through S surface. In
this case,

dCy _ . dC;

V=A<
dt dt

(6))

This process would result continuously decreasing C,, Cg and
Cr values. However, if the rate of the fermentation in the F
ferment liquor can supply the amount of butanol removed, then
the two key parameters determining the amount of the formed and
removed butanol will be the amount of the ferment liquor, F, and
the amount of the auxiliary solvent, 4, because

dt dt ©

and because the Cg=C}, and Cy=KgCg conditions are valid.

These considerations have been taken by neglecting the
effect of the back-diffusion of the extractant solvent. Since
not only the butanol can move through the porous
permeable wall from one side to the other, but the extractant
solvent molecules can also diffuse from the lower butanol
conncentration phase to the higher butanol concentration
phase as well. During the design of the reactor this
phenomenon has to be taken into consideration.

The construction of the fermentor

The main construction element of the fermentor is a vertical
wall which divides the reactor into two non-equal parts. The
larger part of the reactor space is used as a common two-
phase fermentor in which the ferment liquor (F) and the
extractant solvent (E) are located. The extractant (F) is a
nonmiscible solvent which does not inhibite the enzymatic
processes'. The same kind of auxiliary solvent (4) used as
secondary extractant is located in the smaller separated part
(V1 volume) of the fermentor. The spearating wall is
divided into two parts. The extractant are generally have
lower density than the ferment liquor, thus the extractants
are the upper phases. The bottom part of the separating wall
is made from a non-permeable material and this part
completely prevent the mixing and contacting the ferment
liquor and the auxiliary solvent. The upper part of the
separating wall is made from a porous permeable composite
material’, which ensures the diffusion of the butanol
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Figure 1. An in-situ two-phase extractive fermentor with porous
permeable wall construction

between the extractant solvent and auxiliary solvent by the
concentration difference as a driving force. The equilibrium
between the ferment liquor and auxiliary solvent is mediated
by the extractant phase.

As it can be seen in Fig. 1, the reactor part contains a
butanol recovery column attached to the auxiliary solvent
tank. This column is a usual distillation column, however, it
has a heat utilization system in order to preheat the output of
the auxiliary solvent containing butanol and to cool down
the recycled butanol- free auxiliary solvent stream.

The temperature and amount of the recycled auxiliary
solvent can control the temperature of the ferment liquor via
appropriate selection of the thicknesses of the non-porous
heat-conducting and the porous heat-insulating parts of the
vertical separating wall.

Since the upper porous and the bottom non-porous parts
of the separation wall are made from heat-insulating
composite material and a heat-conducting metallic matrial,
respectively, it is obvious , that the magnitude of the heat
transfer via the porous and non-porous parts is not equal.
During the extraction process not only butanol mass transfer
but heat transfer also occures from the ferment liquor to the
extractant phase. ~ Two other factors also can decrease the
temperature of the ferment liquor without outer? heat
supplement. Firstly, the optimum temperature of the ferment
liquor is around 37 °C in the ABE fermentation®. Thus,
without heat supplement the continuous addition of sugar
solution at room temperature would decrease the ferment
liquor temperature.
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Secondly, the amount of the ferment liquor is preferably
larger than the amount of the extractant phase, thus the wall
surface in contact with the ferment liquor is also larger than
the fermentor surface contacting the etxractant.
Consecvently, the heat loss toward the outer environment is
larger from the ferment liquor phase. In order to avoid
secondary heat transfer from the warmer extractant phase to
the ferment liquor phase, namely to the opposite direction
of the the heat and mass transfers due to the butanol
diffusion from the ferment liquor to the extractant phase, the
temperature difference between the two phases has to be
mimimized.

The temperature of the ferment liquor has to be adjusted
to 37°C. In this way the temperature of the extractant
should be lower than 37 °C. This conditons can easily be
adjusted by appropriate selection of the separating wall
construction materials with different heat convecting
properties and with the thickness of the upper and bottom
wall.

Using this type of heat utilization systems the energy
balance of the butanol recovery is much more economic
than in the case of a simple distillative butanol recovery
from dilute (<2%) ferment liquor, especially if the solvent
selected has a high distribution coefficient (Table 1 ) for
butanol recovery.

Table 1. Butanol distribution coefficients and heat capacities of
solvents used as extractants in butanol recovery at 25 °C

Solvent K value Cp. J/gK
Oleyl alcohol 3.5 2.32
Heptanal 13.0 2.15
Oleic acid 3.0 2.80
Hexanol 7.8 2.32
Octanol 6.7 2.34
Ethyl butyrate 2.9 1.96
Water - 4.18

Taking into consideration the parameters’ shown in Table
1, for the selection of an appropriate solvent, the Cju
concentration in the quasi-equilibirum state is always much
higher than the Cr concentration values. Conclusively, not
only the absolute amount of the heated solvent (4) will be
less than the absolute amount of the ferment liquor (F), but
the relative amount of the heated 4 to recover one kg of
butanol will be less than the heated amount of ferment
liquor to recover the same amount of butanol.

Eur. Chem. Bull. 2012, 1(1-2), 1-3
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Furthermore, the heat capacity values of the organic
solvents (see Table 1) are generally only the half to the
heat capacity of the water, thus the used thermal energy is
much less to heat this mixture up to the boiling point than in
case of the aqueous ferment liquor. In the design of the
biobutanol production by two-phase extractive fermentation
by using porous membrane wall, for an expected
productivity the determination of the V; volume of the
separated reactor space is one of the key parameters.

The ratio of the volume of the two reactor spaces (V;/V-
V1)) unambiguously determines the required surface area of
the wall at a given F/E ratio. The relative amount of the
ferment liquor (F) and extractant (E) is determined by the
diffusion surface of the wall which has to ensure the same
value of the butanol stream (B) from the extractant to the
auxiliary solvent which is formed in the ferment liquor and
is removed from the auxiliary solvent. If the diffusion rate of
the butanol from the £ phase to the 4 phase through the
porous wall is equal with the rate of butanol removing from
the A phase and the rate of butanol fomation in the F phase,
supposing that the distribution of the butanol between the £
and F phases are faster than its formation rate, then the
process is in a quasi equilibrium.
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VARIABLE COMPOSITION OF CHLORINE HYDRATES
SYNTHESIZED UNDER VARIOUS CONDITIONS
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The composition of chlorine hydrates synthesised by different reaction routes were determined from experimentally measured density
values without isolating the gas hydrate crystals. This method is the simplest and accurate for determining the composition of chlorine
hydrates prepared under various conditions. The occupancies of each type of the cavities in the clathrate cage have been calculated.

* Corresponding Authors
Fax: 336-23-376-456
E-Mail: 1.gyorgyi@deuton-x.hu

[a] Deuton-X Ltd., H-2030, Erd, Selmeci u. 89

[b] Department of Chemistry, J.N.V. University, Jodhpur,
(Rajasthan) 342005, India

[c] Research Centre for Natural Sciences, Hungarian Academy
of Sciences, H-1025, Budapest, Pusztaszeri u. 59-67

Introduction

Chlorine hydrate is the first gas hydrate discovered by
Davy.' It is widely used as solid chlorine source in various
important products and technological processes such as high
energy density batteries, refrigerators, disinfection processes
and high pressure chlorination reactions.” The determination
of the composition of chlorine hydrate has attracted
attention of chemists for long time because of its non-
stoichiometric nature and dependence of its composition on
the conditions of the preparatory methods.”'' The use of
various oxidants as starting materials for the oxidation of
hydrochloric acid e.g. hypochlorites or possible new
oxidants such as simple or complex permanganates give
new perspectives in the preparation of this compound.”" "
Besides, the composition of the crystals formed depends on
the conditions of the methods used for its preparation, a
simple and easy method to determine the composition of
chlorine hydrate formed without isolation of crystals is
required because instability of the crystals during weighing
is the main problem in the analysis of the chlorine
hydrate.”'

Results and Discussion

Chlorine hydrate belongs to the type I clathrate hydrates
that consist of a 46 membered 3D-network of water
molecules including 2 small and 6 large voids. The formula
of chlorine hydrate can be written as (8-x)Cl,-46H,0, where
x is the number of the unfilled voids in the elementary cell
(Z=1). This formula can also be expressed as Cl,-nH,0,

Eur. Chem. Bull. 2012, 1(1-2), 4-6

where n is the number of water molecules, termed as hosts,
that encage one molecule of the chlorine gas termed as the
guest. It theoretically means that the chlorine hydrate, which
is richest in chlorine, could be characterized with the
formula derived from the maximal filling ratio, namely
Cl,'5.75H,0. Since the density can easily be determined
experimentally with high accuracy without separating the
crystals from the mother liquor'®"", these density values can
therefore be used for calculation of the composition of the
chlorine hydrates. The general formula of the chlorine
hydrate can also be written as (66,Cl,+26,Cl,).46H,0,
where 6 and 6 are the occupancies of the larger and smaller
cavities respectively. The density can be expressed as the
quotient of the molar mass and the molar volume of each
clathrate. The molar mass of the hydrate can be calculated as
the sum of the weights of the guest and the water cage, and
the molar volume can be expressed by using the known
temperature dependent molar volume of the blocks of 46
water molecules of the ice lattice by using the additional
term AV(T,n)"*:

le:zthraw = Vife + AV(T’ I’l) (1)
where T is the absolute temperature in K, and » means the
occupancy. The AV(T,n) term can be divided into two parts,

AV(T.n) = AVuo + AVi(T)n) 2

where AV, value is constant and can be taken as 3.0° or
3.2 cm’/mol". The value of the additional term, AV,(T,n)
depends on the number of chlorine molecules and includes
the effect of the thermal motion on the strength of the host-
guest interactions in each type of the cavities? ?'. The
contribution of the AV,(T,n) term on the AV(T,n) values,
however, proved to be not substantial because the widening
of the clathrate hydrate cage reaches roughly 1 % value at
the Dy=5.7 A ** diameter of the guest molecule, and the D¢,
is only 5.2 A 3. The calculated n, values were compared
with the n, values determined from the known lattice
constant 3 and experimental density values (Eqn.(3) and

(4)) 17,18
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) [(60,M  +20,M () +46M ;|

exp

NAa3 3)

where Mo is the molar mass of the water, Ny = 6.0238, the
Avogadro number, and &, and 6, are the occupancies.

46
n=———
66, + 26,

“)

The use of AV,.p=3.1 cm3/m01, average value in our
calculations, resulted in n; and n, values that are given in
Table 1 for various chlorine hydrates prepared under
different conditions. The calculated n; and n, values are very
close to each other. The kinetic factors have great
importance because any two samples prepared in the same
way but from different charges usually do not provide the
same composition before attaining the complete equilibrium
state.”'“!" Faraday found that the density of the plate like
chlorine hydrate crystals was d = 1.2 by a flotation density
measurement method.® Since there was continuous gas
liberation and the imperceptible bubbles might have adhered
to the hydrate surface, therefore the density could be
presumed to be less than d = 12 g/em’. Thus the
composition can be formulated as Cl,<7.63H,0.
Roozeboom experimentally determined the density of two
samples of crystalline chlorine hydrate to be d = 1.220 and
1.237 g/cm3.9 These values correspond to the Cl,.7.28H,0
and Cl,.7.00H,0 formulas, respectively. This indicated that
the water content might have been less than what
Roozeboom had observed by direct chemical analysis.” The
chlorine hydrate prepared in zinc chloride solutions can be
compacted and stabilized with pressure. If the pressure is
below 60 atm, the density falls below 1 g/cm’, but at 70-80
atm. pressure the value increases to 1.1-1.2 g/em’ and
becomes 1.23 g/cm’ above 800 atm. Further increase in the
pressure does not result in significant increase in the density
value.

Table 1. Experimental densities, lattice constants and composition
values of the chlorine hydrates at 273.15 K.?

Reference d, n n, 6, &
g/cm
3
Faraday® 1.2 7.63 | 7.58 | 1.00 |0.03
Roozeboom’ 1.220 | 7.28 7.23 1.00 0.17
1237 | 700 | 6.95 | 1.00 | 0.32
Bjorkman® 123 [ 711 | 707 |1.00 | 025
Wilms® 1239 | 697 | 692 | 1.00 | 037
Smirnov? 131 | 601 |598 |1.00 |0.85
Kislovskii** 137 | - - - -

*Density of two samples prepared in different ways were
determined

Smirnov and Kleshchunov reported an experimentally
determined value of density (1.31 g/cm®) for the isolated
chlorine hydrate which was found to have the formula
CL.6.2H,0.” The use of this density value provided the
composition of the hydrate to be Cl,.6.01H,O, which is
close to the experimentally found value (13=6.2).%

Eur. Chem. Bull. 2012, 1(1-2), 4-6
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A density value of 1.37 g/cm® was given for a chlorine
hydrate formed in capillaries. This value is too large even
if a complete occupation (8Cl,.46H,0) is supposed (d =
1.325 g/em®), thus  the lattice of the chlorine hydrate should
be contracted in the capillaries (@ = 1.192 A) or the
difference between the molar volumes of the empty clathrate
cage and the ice should be diminished from the average 3.1
to 2.5 cm’/mol? No example for this magnitude of
contraction among the clathrate hydrates of gases, even at
higher pressures than the observed 10-12 atm could be
present in the capillaries and the perfect filling of the
cavities should cause dilatation rather than contraction.
Therefore, the hydrate formed in the capillaries probably
does not belong to the clathrate type I but a different type of
chlorine hydrate richer in chlorine is rather formed as
mentioned by Maumene, and a rthombic polymorph of the
chlorine hydrate was also detected by Nordenskjold.>***

Conclusions

The composition of chlorine hydrates prepared by
different reaction routes were determined based on their
experimentally measured density values. This method is the
simplest and accurate way for the determination of the
composition of chlorine hydrates prepared under various
conditions because it does not require isolation of the
crystals form the solution. The composition of various
chlorine hydrates prepared in the last 200 years was re-
determined and the values were found between 6.01 and
7.63H,0/chlorine molecule. The results found for the
chlorine hydrate prepared in capillaries (d=1.37 g/cm?)
showed that this chlorine hydrate cannot be type I clathrate
hydrate but a new modification or an other type of the
chlorine hydrate might be formed within the capillaries.
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SOLID PHASE SULPHATIZING OF ZINC FERRITE SPINEL
WITH IRON SULPHATES AS AN ENVIRONMENTAL
FRIENDLY WAY FOR RECOVERING ZINC
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The scarcely reactive zinc ferrite can be decomposed in solid phase to water-soluble ZnSO, and water-insoluble Fe,O; polymorphs by
excess of solid iron(II or III) sulphates at 650°C in 4 h. Since SO; forms in situ from the Fe,(SO,); as well as anhydrous Fey(SO,4); forms
in the thermal oxidation of iron(Il) sulphate, therefore the gaseous SO; is the active sulphatization agent in the reaction of the
hydrated iron(IT and III) sulphates and the zinc ferrite. The sulphatization process were monitored by XRD, TG/DTA-MS, Méssbauer,
Raman and IR-spectroscopy and the changes in reaction’s heat and Gibbs energy are reported. The Fe,O; polymorphs formed is worth
processing into iron(III) sulphate by sulphuric acid. Since the Fe,(SO,); formed in this way can be recycled to the sulphatization process,
the only reagent consumed is the sulphuric acid. Therefore, these selective sulphatization reactions can be taken as “iron salts mediated”
decompositions of zinc ferrite into ZnSO,4 and Fe,O5 by sulphuric acid.

* Corresponding Authors
Fax: +36-23-376-456
E-Mail: kotail@chemres.hu

[a] Institute of Materials and Environmental Chemistry,
Research Centre for Natural Sciences, Hungarian Academy
of Sciences, H-1025, Pusztaszeri u. 59-67, Budapest,
Hungary; Permanent address: Department of Materials
Science and Engineering, Indian Institute of Technology, 208
016 Kalyanpur, Kanpur, India

[b] Department of Chemistry, University of Helsinki, Helsinki,
P.O. Box 55, FI-00014, Finland; Permanent address:
Research Group of Technical Analytical Chemistry of the
Hungarian Academy of Sciences, Department of Inorganic
and Analytical Chemistry, University of Technology and
Economics, H-1111, Szent Gellért tér 4, Budapest, Hungary

[c] Nuclear Analysis Department, Centre for Energy Research,
Hungarian Academy of Sciences H-1525, P.O.B. 49,
Budapest, Hungary

[d] J.N. V. University, Department of Chemistry, 342 005,
Jodhpur, Rajasthan, India

[e] National Law University India, Faculty of Science, 342 005
Boranada, Jodhpur, Rajasthan, India

1. Introduction

The scarcely reactive spinel type zinc ferrite, ZnFe,O,, is
one of the most common wastes from the thermal treatment
of various zinc and iron containing industrial wastes'. Its
recycling into the blast furnace technologies is not possible
because the elementary zinc formed during its reduction
destroys the wall of the blast furnace’. Removal of its zinc
content, however, is a complicated process due to its low
reactivity toward most of the chemicals even under very
strict conditions®®

One of the possible reactions is the sulphatization with hot
sulphuric acid (100-300°C)*°. Since concentrated sulphuric
acid forms a basic iron sulphate layer on the surface of
the ferrite grains which prevents it from the further
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dissolution, therefore diluted (15 -60 %) sulphuric acid is
generally used in these reactions. But dilute H,SO, is very
corrosive and the main disadvantage is that both zinc and
iron content of ZnFe,0, are transformed into the appropriate
sulphate’, and the iron content of the solution can be
separated only as slightly soluble Na[Fe;(SO4),(OH),]°,
which cannot be used in blast furnace technologies due to its
sodium and sulphur content. In order to avoid these
problems, sulphatization with gaseous reactants, e.g with
SO, or SO; have been developed7’8 ZnFe,04 can be
sulphatized by SO, gas, especially in the presence of air or
oxygen at 500-600 °C with formation of ZnSO, and
Zn0.2ZnS0O, and the maximal conversion is rou%hly 54 %
even in the presence of Fe,O; which catalyses® the SO;
formation.

Since the decomposition of zinc ferrite in SO, or in Ar-
SO, gas mixture without oxygen source could scarcely be
observed, the active ingredient in the sulphatization is
essentially the gaseous SO;.” Sulphatization of zinc
compounds with ammonium sulphate around its thermal
decomposition temperature showed that the in-situ
generated SO; reacting with the mixture of ZnO and Fe,04
converts ZnO selectively into ZnSO,. However, the zinc
ferrite is completely transformed into a mixture of ZnSO,
and Fe,(SO,); *°

The partial pressure of SO; above the Fe,(SOy); is
higher than that above the ZnSO,,'° thus there is a chance to
initiate a selective sulphatization of ZnFe,O, with SO;
produced in situ from Fey(SO4); to form water-soluble
ZnSOy4 and a water-insoluble iron-compound (Fe,O3) which
is suitable as raw material for blast furnace.

In order to clarify the mechanism of this sulphatization
reaction, we studied the reaction of zinc ferrite with
hydrated iron(Il) and iron(IIl) sulphates at various
temperatures.
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2. Experimental Section

The wet hot-dip galvanising sludge obtained directly from
Dunaferr Co. (Dunaujvaros, Hungary) was dried at 200 °C
for 2 h to remove its physically sorbed water content. The
zinc was mainly found in the form of basic zinc(II) chloride,
Zns5(OH)gCl1,.2H,0. The sample was divided into three parts,
and they were heated up to 500, 750 and 1000 °C,
respectively. XRD analysis of these samples showed that the
crystallinity increased with increasing temperature. We have
attempted leaching of ZnO from the heat treated samples
with treatment with diluted (1:1, v/v) HCI, however, the
sample prepared at 500 °C contained highly defectous ferrite
compounds and almost completely dissolved in the aq. HCI.
Therefore, an ammoniacal leaching process'' was selected
to remove ZnO from ZnFe,O4. The ZnO could only be
removed from the sample prepared at 500 C° in 96 h, the
other two samples prepared at higher temperature contained
less reactive sintered ZnO particles, thus for complete
removal of the ZnO a 2 h treatment with 10 % of acetic acid
was consecutively used. The ZnO free samples were heated
again at 500, 750 and 1000 C° for 2 h. Zinc ferrite samples
(0.5 g in each) were mixed with the sulphatizing agent in an
agate mortar (1 equivalent of iron(II) sulphate heptahydrate,
1/3 equivalent of iron(Ill) sulphate nonahydrate), and the
mixtures were kept at 500 °C for 4 h. The Fe,O; and ZnSO,
appeared only in the most recative spinel containing sample
prepared at 500 °C, but the conversion has not been
complete.The samples prepared at 750 and 1000 °C did not
react with these sulphates at 500 °C. Therefore, the next
series of experiments were peformed with the samples
prepared at higher temperatures, even at 600 °C. In this case,
the sample prepared at 750 °C showed the presence of Fe,0;
(hematite).

Based on these experiences, all the further experiments
were done with the less recative zinc ferrite samples
prepared at 1000 C°, and the sulphatizing temperature was
selected to be 650 °C based on the relative thermal stability
ranges of zinc and iron sulfates’. The less reactive zinc
ferrite prepared at 1000 °C was mixed thoroughly in an
agate mortar with iron(II) sulphate heptahydrate, iron(III)
sulphate nonahydrate or Aly(SO4); 18H,O at 1:2, 1:5 and
1:12.5 molar ratios and heated at 650 °C for 4 h. The
mixture formed was subjected to XRD analysis and
Mossbauer investigations.

X-ray powder diffraction measurements were performed
by means of a Philips PW-1050 Bragg-Brentano
parafocusing goniometer, equipped with a secondary beam
graphite monochromator and proportional counter; scans
were recorded in step mode by using CuK, radiation at 40
kV and 35 mA tube power. Evaluation of the diffraction
patterns have been obtained by full profile fitting techniques.

Raman spectra were measured by a Nicolet 950 FT-
Raman spectrometer equipped with a Nd:YAG laser (1064
nm line) for excitation in the 4000-100 cm region of
Raman shifts in a diffuse reflection mode. IR spectra were
recorded in diffuse reflection mode at room temperature in
KBr (instrument: Nicolet 205 FT-IR). These vibrational
spectroscopic methods were only used for monitoring of
sulphate band intensity decreasing and checking the
perfectness of sulphate recovering from the end-products .
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Mossbauer spectra were obtained at 77 and 300 K in the
constant acceleration mode (instrument: KFKI standard
spectrometer equipped with a 57Co/Rh source).

Thermal studies were performed on a SDT 2960 TA
Instruments TG/DTA instrument coupled with a Balzers
Thermostar GSD 200 mass spectrometer in air or He flow
(130 ml/min) at 10 °C/min heating rate using open platinum
crucible. Each studied sample weighed ca. 10 mg.

3. Results and Discussion

3.1. Preparation of zinc ferrite

Zinc ferrite samples were prepared from a sludge consisting
of y-FeOOH, &-Zn(OH), and Zns(OH)sCl,.2H,0" by
heating it at 500, 750 and 1000 °C for 5 h. These samples
contained ZnFe,O4 and ZnO, which were identified by XRD
and leached with 25% NH,OH''. Since the sintered ZnO
particles formed at higher temperatures could not be
completely dissolved in the ammonia solution, an aqueous
acetic acid leaching after the ammoniacal treatment was also
used that led to pure ZnFe,O4. The samples prepared in this
way were heat treated again at their preparation
temperatures, namely at 500, 750 or 1000 °C for 2 h.

3.2.TG-MS studies on the zinc ferrite + hydrated iron(II) and
iron(III) sulphate mixtures

In order to determine the optimal temperature ranges for
isothermal sulphatization reactions of zinc ferrite with
stoichiometric amounts of iron(Il) and iron(Ill) sulphates,
TG-MS studies were performed on the mixtures of
ZHF6204:FCSO4.7H20 and ZHF6204:F62(SO4)3.9H20
mixtures. Since the oxidation processes have key role in the
sulphatization process performed with iron(II) sulphate, the
iron(II) sulphate heptahydrate — zinc ferrite mixture was
studied in inert (He) and oxidative atmosphere (air) as well.
The TG-MS curves can be seen on Fig. 1 and 2.
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Figure 1. TG/DTA-MS monitoring of the reaction between zinc
ferrite and iron(III) sulphate nonahydrate in air
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Figure 2. TG/DTA-MS monitoring of the reaction between zinc

ferrite and iron(IT)sulphate heptahydrate in air (dashed) and under
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The iron(IlT) sulphate nonahydrate-zinc ferrite mixture
shows two endothermic dewatering steps in the ranges of
100-150 °C and 200-300 °C with losing of one and eight
water molecules (1,27 % and 9,80 % mass losses,
respectively) from the hydrated iron(Ill) sulphate. The
decomposition of anhydrous sulphate and the consecutive
reaction of the formed SO; with zinc ferrite take place
between 550-700 °C. The decomposition of the anhydrous
iron(IIl) sulphate is endothermic. The SO; formed during
the decomposition of anhydrous SO; either completely
reacts with ZnFe,O, or decompose into fragments in the gas
phase during the mesurement conditons (only SO," and SO*
can be observed at m/z= 64 and 48, the signal of SO;" at
m/z=80 could not be detected at all) .

The iron(Il) sulphate heptahydrate loses its water in
helium in two main steps between 50-70 or 70-150 °C with
elimination of 2.5 and 4.5 moles of water, respectively
(8.85 % and 13.59 % mass losses in the two consecutive
steps). In air, however, the iron(II) centers of the FeSO4.H,O
intermediate are oxidized with formation of Fe(OH)SO, and
0.5 mol of H,O (a small exothermic peak appears in the
DTA curve), and the 0.5 mole of water is eliminated with
formation of Fe,O(SO,),. The water elimination steps in air
are observed between 50-60 (5.15 %), 60-150 (15.17%) and
180-230 °C (1.1%), which means evolution of 1.5, 4.5 and 1
mol (0.5 +0.5) of water. Small amount of SO, could be
detected in helium atmosphere between 350 and 550 °C and
the main decomposition step occurred between 550 and
700 °C. The SO, and its fragmentation products were
observed at lower temperature in air but the main
decomposition step consists of two overlapping processes
due to the stepwise decomposition character of Fey(SO4)3
into F 6203.
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3.3 Sulphatization of zinc ferrite with iron(II) and iron(III)
sulphates

Isothermal heat treatment of the solid mixture of the
stoichiometric amounts of hydrated iron(II)-sulphate (1:1
molar ratio) or hydrated iron(III)- sulphates (3:1 molar ratio)
in air were monitored at 500, 750 and 1000 °C for 4 h. The
XRD of the residues showed the same diffraction patterns,
which indicated that the same chemical reactions took place,
thus only the less reactive zinc ferrite samples prepared at
1000 °C were used in further experiments. The optimal
reaction temperature was found to be 650 °C in air for the
reactions and large excess (iron sulphate/zinc ferrite > 12.5
molar ratio) of FeSO,.7H,O and Fe,(50,);.9H,0 were
required to complete the zinc ferrite decomposition with 4 h
reaction time. Similar experiments with aluminium sulphate,
which has much less SO; tension at the sulphatization
temperature'’, proved to be ineffective for the
decomposition of zinc ferrite.

The XRD (Figs. 3 and 4) and Md&ssbauer investigations
(Figs. 5 and 6, Table 1) unambiguously show that the only
iron containing end products of the reactions are the Fe,O3
polymorphs, mainly hematite, a-Fe,O;, thus the reactions
can be expressed with the following equations:

3ZHFG204+F62(SO4)3 9H2023 ZHSO4+4FCQO3+9H20 ( 1 )
4ZHF€204+4F€S04.7H20+02:4ZnsO4+6F6203+7H20 (2)

The reactions are completed at 650 °C. Since the sulphur
distribution is uniform across the iron(Il) and iron(III)
sulphate samples during their complete decomposition, and
the chemical form of sulphur on the surface was proved to
be adsorbed SO; "2, the reactions (1) and (2) are probably
SO; mediated gas-solid phase interactions as observed in
sulphatization of red mud with iron(I) and iron(II)
sulphates' . Therefore the conditions for in-situ generation
of SO; and the mechanism of SO; formation from these iron
sulphate compounds are important factors in order to
determine the optimal conditions for zinc ferrite
decomposition and for the preparation of zinc-free iron
containing blast furnace raw materials.
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Figure 3. XRD of the ZnFe,0,:FeSO,.7H,0 (1:1) mixture after
heat treatment at 600 °C for 4 h.
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The formal solid-solid phase “metal-exchange” reaction
between the zinc ferrite and hydrated iron(II) sulphate
would result in the formation of magnetite as in reaction (3).
The reaction (3) is associated with the enthalpy change,
AH = 400.3 kJ/mol and the Gibb’s free energy change,
AG = -183.3 kJ/mol (all enthalpy and free enthalpy values
were calculated with Factsage program package with using
the database of this program)

ZHF6204 + FCSO47H20 = ZHSO4 + FC3O4 + 7H20 (3)

However, the only iron containing reaction product is
the hematite, a-Fe,O3. The reaction heat and Gibbs energy
change for the reaction given by Eq. (2) are 228.9 kJ/mol
and —267.2 kJ/mol respectively, thus thermodynamically the
reaction (2) is more favourable than the reaction (3).
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Figure 4. XRD of the ZnFe,0,:Fe;(SO,4);.9H,0 (3:1 ) mixture
after heat treatment at 600 °C for 4 h.

+ - Fe,0; (hematite), - ZnFe,O4 (franklinite), o0 -ZnSO,
Furthermore, these reactions are strongly endothermic and
take place at high temperature therefore hydrated forms of
iron sulphates cannot exist. The formal reaction of the
water-free iron(II) sulphate, FeSO, can be written as:

ZHFCQO4 + FGSO4 = ZHSO4 + FC304 (4)

The reaction (4) has positive reaction heat and Gibbs free
energy values, AH = 16.1 kJ/mol and AG = 11.3 kJ/mol,
respectively. The reaction (5), however, in which Fe,O; is
formed has negative reaction enthalpy, AH = —105.8 kJ/mol,
and Gibbs energy, AG = —-72.3 kJ/mol.

2ZDF6204 + 2F€SO4 = ZZIISO4 + 3F€203 (5)

This unambiguously shows that the hydration degree of
the iron(Il) sulphate is only one among the essential factors,
which plays role in the Fe,O; formation and in preventing
the magnetite formation. In inert atmosphere the
decomposition reaction of freeze-dried iron (II) sulphate'*
can be written as

2FeSO, = Fe,0s + SO, + SO, (©)

The stepwise dehydration of FeSO4.7H,0, leads to
FeSO,.H,0" and the solid-state '"H NMR of FeSO,.H,0
showed the presence of two different kind of protons in 1:1
ratio, thus the formula could be  written as
Fe(OH)SO4(H)'¢ .
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Since the OH group is located in the first coordination
sphere, and the other proton is located at the sulphate
oxygen and therefore acts as a strong acidic centre'® with the
redox equilibrium.

Fe*' + H' = Fe*' + 1/2H, (gas) (7)

In the absence of oxygen, the reaction (7) is shifted to left
because increasing the partial pressure of the hydrogen
terminates the oxidation of the iron(IT) centres, however, in
the presence of oxygen the elementary hydrogen is,
probably, catalytically oxidized to water and the equilibrium
shifts completely to the right. The consideration of this
reaction is therefore an indication that the hydrated iron(II)
sulphate is not converted to the anhydrous iron(II) sulphate.
Fe(OH)SO, is formed as intermediate that loses a water
molecule and gets converted to the detected Fe,O(SO,),
intermediate'>"”.

2Fe(OH)SO, = Fe,0(S0,), + H,0 (8)

The decomposition products of Fe,O(SOy),, as studied in
detail in'®, are Fe,0; and Fe)(SOy)3, and these compounds
were identified in the 1:5 ZnFe,04:FeSO,.7H,O mixture
after heating at 600 °C for 4 h (Table 1) which is in
confirmity with XRD (Fig. 3) as well TG-MS results (Fig.
1). Since the intermediate Fe,O(S0,), formed in the reaction
(8) decomposes directly into anhydrous iron(IIl) sulphate,
and the same compound is produced from the hydrated
iron(I1I) sulphates'® , the sulphatization of zinc ferrite can be
performed in a similar way by the SO; generated along with
Fe,03 from the decomposition of anhydrous Fe,(SO,4);. The
reaction of zinc ferrite with SO; is expressed by Eq. (9).

ZHF6204 + SO3 = ZHSO4 + FezO3 (9)

The reaction (9) is thermodynamically more favourable
(AH = -223.7 kJ/mol, AG = -119.5 kJ/mol) than the “direct”
solid-solid phase interaction between the solid anhydrous
iron(IT) sulphate and zinc ferrite (reaction 4). The formation
of Fey(SO,); intermediate in the reaction of ZnFe,O4 with
FeS0,.7H,0 is confirmed by XRD and Mossbauer results
(Fig. 3, Fig. 5, Table 1). The assignment of the singlet
without quadruple splitting at 1S=0.45 was ambiguous,
because this peak was assigned to Fe,O(SO,),"”. However,
Zboril et al. assigned this peak to Fey(SOy); 2 and
determined a QS value for the compound Fe,O(SOy),.
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Figure 5. Mdssbauer spectrum of the reaction product formed in
the reaction of ZnFe,0,4 and FeSO,4.7H,0 in air at 600 °C for 4 h.
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Table 1. Mossbauer data of the mixtures formed in the reactions of ZnFe,O, with excess iron(1I) and iron(I1I) sulphates at 600 °C for 4 h*

Sulphatizing material Component IS Qs MHF FWHM RI
2-fold excess of a-Fe,03 0.35 0.20 507 0.29 65
FeS0,.7H,O e-Fe,05 0.37 - 481 0.53 15
ZnFe,0,4 0.31 0.39 - 0.31 19

5-fold excess of a-Fe,03 0.35 0.21 508 0.29 76
FeS0,.7H,O e-Fe,05 0.35 - 483 0.58 12
ZnFe,0,4 0.30 0.44 - 0.41 5

Fey(SO,); 0.45 - - 0.30 6

2-fold excess of a-Fe,03 0.35 0.20 508 0.26 24
Fez(SO4);9HZO g-F3203 0.30 - 487 0.65 30
ZnFe,0, 0.33 0.63 - 0.41 14

Fey(SO,); 0.45 - - 0.30 31

5-fold excess of a-Fe,03 0.35 0.20 508 0.26 20
Fey(S04);.9H,0 e-Fe,05 0.31 - 486 0.65 17
ZnFe 0,4 0.34 0.69 - 0.41 22

Fey(SO,); 0.45 - - 0.30 41

*IS-isomer shift, mm/S; QS-quadruple splitting, mm/s; FHWM-full width of half-maximum, mm/s; Rl-relative spectral area, %, MHF-mean hyperfine field,

Tesla.

Our XRD studies, however, confirmed the presence of
anhydrous Fe,y(SOy4);, which could be formed as
decomposition intermediate of FeQO(SO4)221.

2F620(SO4)2 = F6203 + Fez(SO4)3 (10)

The hydrated iron(III) sulphate loses water molecules
to form Fey(SO4); which decomposes in air between 500
and 600 °C with the formation of Fe,0O; and SO; '®. The
SO; evolution  contributes to the formation of ZnSO,
(Eqn. 9) and slows down its dissociation into
Zn0.2ZnS0,".

The sulphatization temperatures with FeSO4.7H,0
and Fe,(S0,); compounds are the same and located in the
range of the decomposition of Fe,O(SO,),
intermediate’>'®. The similarities between the results of
sulphatization reactions of both iron sulphates indicate
that the same SO; mediated reaction takes place. The
formation of SO; from these two iron sulphates during the
same conditions can be explained easily with taking into
consideration the formation of Fe,(SOg4); both in the
dehydration of Fe,(S04);.9H,0 and in the aerial oxidation
OfFeSO4.7H20.

FeSO47H20:FCSO4HzO/Fe(OH)SO4H/F620(SO4)2 (1 1)
2F620(SO4)2 = F6203 + FCQ(SO4)3 (12)
FCQ(SO4)3.9HQO:FCQ(SO4)3 (13)

All iron(Il) and iron(Ill) sulphate hydrates give the
same decomposition intermediate in air, Fe,(SOy); .
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The X-ray microanalysis of the thermal decomposition
process of iron(Il) and iron(II) sulphates unambiguously
showed that the S/Fe ratio vs. temperature relationship is
practically the same'.

3.4. Industrial significance of the zinc ferrite sulphation with
iron(II) and iron(III) sulphates

One of the main advantages of the solid phase
sulphatization of zinc ferrite with iron sulphates with the
sulphuric  acid leaching is that the solid zinc
sulphate is

formed and sulphuric acid is not present in the aqueous
leachate solution. The only insoluble iron compound
formed is Fe,O; which can be removed by simple
filtration. The residual water soluble Fe,(SO,); can be
easily separated by hydrolysis at 185-200°C with
precipitation of Fe,O5 without Fe(OH)SO, formation®. In
the presence of sulphuric acid and in the absence of zinc
sulphate, however, the main product would be
Fe(OH)SO,***. Since the iron contents of the starting
materials (ZnFe,O, and iron sulphates) are completely
transformed into Fe,O; polymorphs, these polymorphs
can be recycled to regenerate iron sulphate or can be used
as raw material for blast furnace technologies. In order to
regenerate the sulphatization agent, the Fe,O3 polymorphs
are treated with dilute sulphuric acid at 60 °C to form
iron(Il) sulphate. Depending on the concentrations,
FCQ(SO4)3.6H20, FCQ(ZSO4)3.7H20 and Fez(SO4)3.8H20
can be crystallized out™.
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Figure 6. Mossbauer spectrum of the reaction product formed in
the reaction of ZnFe,04 and Fe,(S04);.9H,0 in air at 600 °C for
4h

Both FeS0O,.7H,0 and Fey(SO4);.9H,0 transform into
Fe,O; in theirs reaction with zinc ferrite, and dissolution
of Fe,0; in H,SO4 gives iron(IIl) sulphate compound for
which molar sulphatization activity, defined as the
number of evolved SO; moles per mole of iron(II)
sulphate, is 1.5 compared to the value of 1 for
FeSO,.7H,0. Formally, the sulphate content of the iron
sulphates is completely transformed into zinc sulphate,
and the Fe,O; formed from the iron sulphates can be
recycled into iron(Ill) sulphate with sulphuric acid,
therefore the only reagent consumed is the sulphuric acid.

Iron sulphates act as a “selective form of sulphuric
acid” to decompose zinc ferrite into ZnSO,4 and Fe,O;

3ZHF6204+F62(SO4)3*: 3ZHSO4 + 3F6203 + F6203* (14)
FCQO:;* + 3HQSO4 = FCQ(SO4)3* + 3H20 (15)
3ZHF6204 + 3H2504 = 3ZHSO4 + 3F6203 + 3H20 (16)

where Fe,O;* means the iron(Ill) oxide polymorphs
formed from iron sulphates.

4. Conclusions

The scarcely reactive zinc ferrite can completely be
decomposed by solid iron(Il) or iron(Ill) sulphates at
650 °C for 4 h into water-soluble ZnSO, and water-
insoluble Fe,O3 polymorphs. The in situ formation of SO,
during thermal decomposition of iron(Il) sulphate or the
thermal oxidation of iron(II) sulphate proved to be the
active sulphatization agent. The intermediate, Fey(SOy)s,
was formed in the decomposition of hydrated iron(II)
sulphate as well, thus both iron sulphate compounds give
practically the same characteristics of the zinc ferrite
sulphatization process. The sulphatization equivalent of
iron(I1I) sulphate is, however, 1.5 times the sulphatization
equivalence of iron(Il) sulphate. The Fe,O; formed from
these compounds can be used to regenerate iron(II)
sulphate which is used in the sulphatization process, thus
the only reagent used in the sulphatization process is the
sulphuric acid. Therefore, the selective sulphatization is
an “iron salts mediated” decomposition of zinc ferrite into
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ZnSO, and Fe,05 by sulphuric acid. This new method is
the only known process for transformation of zinc ferrite
into sodium-, sulphur- and zinc-free iron raw material for
blast furnace technologies in a solvent free simple solid
state reaction, including a simple regeneration possibility
of the sued solid reagents with using the cheapest
chemical — sulfuric acid.
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METAL ELEMENTS, ORGANIC AGENTS IN A HERBAL
REMEDY, SPECIES THYMI COMPOSITA, AND ITS DRUG-
CONSTITUENTS

Klara Szentmihélyi”*, Zoltan May®, Maria Then®, Maria Hajdl’lb, Andrea Biisziirményib, Andrea
Balz'lzsb, Eva Lemberkovicsb, Gabriella Marczalb, Eva Széke”

Keywords: herbal remedy, Species thymi composita, respiratory diseases, essential oil, elements

Beside plant drugs the application of herbal mixtures using in several indication fields is very popular in our time. Since these herbal
mixtures contain several bioactive agents, their analysis may cause difficulties. Therefore the description of measurements of components
and their standardization is generally missing from the Pharmocopoeias. The examined Species thymi composita (STC) is highly effective
because of its cholagog, carminative, expectorant, anticatarrhal etc. activity. STC is the mixture of Althaeae radix et folium
(marshmallow leaf and root), Verbasci flos (mullein flores), Liquiritiae radix (liquorice root) and Thymi herba (thyme). The macroscopic
and microscopic identification of components, phytochemical characterization have been described, the element composition of the
herbal mixture, plant drugs constituents and teas was studied and the in vifro element absorption was examined. It has been stated that the
STC could be characterized by its mucilage content and volatile oil composition. STC and its tea contain elements as well and the in vitro
absorption of some of elements showed relatively high amount. The presence of bioactive compounds, volatile oil components, mucilage
and elements may be jointly important in the complex effect, although the relatively higher Mg and Zn content in the tea is particularly
relevant that acts via signal transduction process.
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oil), there are Farfarae folium, antitussitive and antibacterial
active Althaeae folium et radix (mucilage), Sambuci flos
(flavonoids), Verbasci flos (volatile components, flavonoids
and mucilage), antiimflammatory active Liquiritiae radix,
Primulae radix (saponins) and Papaveris rhoados flos
galkaloids, anthocyanins), Pulmonariae herba (silicic acid)™
. The Species thymi composita of FoNo V. contains only 7
drugs and in FoNo VI. 6 drug components are only present.
The content of water soluble hepatotoxic pyrrolizidine
alkaloids justify the omission of Farfarae folium®. The
Primulae radix was also omitted from the tea-mixture
regarding the Primula species would be declared as
protected plants. The composition of Species thymi official
in FoNo VI. and VIL is the same, they consist of 5 drug
constituents containing essential oil (tyme), mucilage
(marshmallow and mullein), flavonoids (mullein), saponin
(liquorice), as active compounds’*.

[a] Institute of Materials and Environmental Chemistry, Research
Centre for Natural Sciences, Hungarian Academy of Sciences,
H-1025, Budapest, Pusztaszeri str. 59-67, Hungary

[b] Institute of Pharmacognosy, Semmelweis University, H-1085,
Budapest Ull6i road 26, Hungary

1. Introduction

Herbal mixture is one of the best fashionable form of
medicinal plant products, firstly in the circle of senior
population, considering that medicinal tea contributes to the
replacing of liquid in the organism. Beside herbal mixtures
putting into circulation by different forms are fundamentally
important. The herbal mixtures official in the Formulae
Normales VII. (FoNo VIL)" and their drug components in
the Hungarian Pharmacopoeia VII. (Ph.Hg.VIL.)>. They are
used in numerous indication fields, for example: cholagog,
carminative, sedative, laxative, diuretic, antitussive,
expectorant and anticatarrhal.

The aqueous extract (tea) of Species thymi composita
prepared by prescription of FoNo has very active catarrh-
and cough-resolvent and expectorant activities’. Coughing is
a complex reflux, which purifies the respiratory tracts from
the foreign substances and the secretion formed in excess. In
case of cold diseases the coughing irritation is caused by the
inflammation of the respiratory mucous membrane so the

The herbal mixture Species thymi composita is official in  ogiat0ry secretion is produced in extreme scale which is

all (I.-VIL.) FoNo prescriptions, although their composition
is various and the drug-components —which are directly
responsible for the effect- can be found in each composition
(Table 1).

The composition of Species thymi composita was the
richest firsty in FoNo IV. in which 10 dried herbs were
applied. Beside the expectorant active Thymi herba (thyme

Eur. Chem. Bull. 2012, 1(1-2), 14-21

already not removed by the mucociliaric transport’. The
secretolytic and secretomotoric activity of expectorant
remedies decreased the irritation, consequently they have
cough-reliever effect. The thyme belongs to the group of
expectorants possessing direct effect mechanism '>. The
essential oil of thyme is excreted in bronchia and increases
the bronchus-secretion.
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Table 1. Drug constituents (in weight, g) of species Thymi
composita

Drug constituents of FoNo FoNo FoNo FoNo
herbal mixture Iv. V. VI VIL
(1958)  (1967) (1987)  (2004)
Thymi herba 4 4 14 14
Farfarae folium 4 - - -
Pulmonariae herba 4 - - -
Althaeae folium 4 4 10 10
Althaeae radix 4 4 10 10
Sambuci flos 4 4 - -
Liquiritiae radix 4 4 10 10
Primulae radix 4 4 - -
Verbasci flos 2 2 6 6
Papaveris rhoados flos 2 - - -

Since there is no description for studying the mixture
Species thymi composita (STC), the aim of our work was the
pharmacobotanical ad phytochemical evaluation of herbal
mixture Species thymi composita, official in the last FoNo
(VIL) and their drug constituents and aqueous extracts (tea),
respectively. Therefore, prominently the contents and
composition of essential oils obtained from herbal mixture
and drugs were studied. Our main research field was the
mineral element analysis of herbal mixture, drugs and their
aqueous extracts (teas) as well as the study of element
absorption in different circumstances.

2. Experimental

2.1. Plant materials

The following plant drugs were used in the experiment:
Althaeae radix et folium, root and leaves of marshmallow
(Althaea officinalis L., Malvaceae); Verbasci flos, flowers
of orange mullein /wooly mullein (Verbascum phlomoides
L., Scrophulariaceae); Liquiritiae radix, root of liquorice
(Glycyrrhiza glabra L., Fabaceae); Thymi herba, aerial part
of common thyme (Thymus vulgaris T. zygis L., Lamiaceae)
which was obtained from commercial network (Herbaéria,
Budapest, 2008).

The drug constituents were purchased from trade in cut
(scissa) condition. The herbal mixture Species thymi
composita (STC) was compounded according to the
description of FoNo VII.'

2.2. Extracts

The preparation of aqueous extracts (tea, infusum) of drugs
and herbal mixture was the follows: One table spoonful (3-5
g) of herbal mixture is poured off with a cup (300 mL) of
hot water and left it to stand for cooling down, then the tea
was filtrated (pH=6.2).

The essential oil was obtained by steam distillation, and
the determination of essential oil content of herbal mixture
and the drugs was carried out by volumetric measuring
process according to the Hungarian Pharmacopoeia.'

Eur. Chem. Bull. 2012,1(1-2),14-21
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2.3. Plant morphology and microscopy

The morphological and microscopical examinations were
made on the basis of prescriptions of Hungarian and
European Pharmacopoeias (Ph.Hg. VIIL., Ph.Eur. 5.)'".

2.4. Mucilage content

For characterization of mucilage content of marshmallow
root and leaf, and the herbal mixture, as well as the swallow
value was determined according to Hungarian
Pharmacopoeia (Ph.Hg. VIIL)".

2.5. Gas chromatographic examinations

The analysis of essential oil composition was made by gas
chromatographic (GC) ad GC-MS methods: Analysis of
composition of essential oils was performed by gas
chromatography accomplished with a Fisons 8000 gas
chromatograph, equipped with a flame ionisation detector. A
Rt-B-DEXm capillary column, 30 m long, 0.25 mm id.,
0.25um film thickness was used. Carrier gas was nitrogen at
6.86 mL/min flow rate: 0.2 pL was injected (5 pL essential
oil in 2 mL chloroform). Splitless injection was made at 10 s,
split ratio was 1:50. Temperature of injector and detector
was 210 °C and 240 °C, respectively. Oven temperature
increased with a rate of 8 °C/min from 60 to 230 °C, with a
final isotherm at 230 °C for 5 min. Percentage evaluation of
compounds was carried out by area normalization;
identification of peaks was made by comparison of retention
times of standards and co-addition of standards. All
measurement was made at duplicate.

GC-MS was performed with a coupled system Agilent
6890N GC, 5973N mass selective detector, the Chrom Card
Server Ver. 1.2 equipped with A HP-SMS capillary column,
30 m long, 0.25 mm id., 0.25 um film thickness was used.
Carrier gas was helium (pHe was 0.20 MPa), at ImL/min
flow rate: 1 pL (10 pL/mL essential oil in ethanol) was
injected at 0.7 mg/mL velocity, splitless-type with an
Agilent 7683 autosampler. Temperature of injector was 280
°C, temperature of transfer line was 275 °C. Oven
temperature was programmed initially at 60°C for 3 min,
then increased with a rate of 8 °C/min to 200 °C, then kept at
200 °C for 2 min and also increased with a rate of 10 °C/min
to 250 °C with a final isotherm at 250 °C for 15 min. MS
conditions: ionization energy was 70 eV, mass range was
40-500 mz"', one analysis/min was made. Identification of
peaks was carried out by comparison with MS and retention
data of standards, and spectra from the NIST library.

2.6. Element content

For mineral element analysis, an inductively coupled plasma
optical emission spectrometry (ICP-OES) was used by the
method of Lad6 et al. with Spectro Genesis instrument after
digestion of the samples with nitric acid (5 mL) and
hydrogene peroxide (2 mL)'®. Se content was determined by
square wave voltammetric method using stripping technique
with polarographic analyzer (TraceLab 50) by square wave
voltammetric measurement on hanging mercury (working)
electrode and in the presence of reference -electrode
(silver/silver chloride) and counter electrode (platinum)'.
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During the measurement 2 mL sample, 2 mL HCI (1 M) and
2 mL Cu solution (concentration of 5 mg/L) were added to
the polarografic cell and the solution was measured.

Table 2. Accuracy of element determination by measurement of
Lucerna p-alfalfa reference material standard

Measured values  Recovery  Certified values
(mg/kg) (o) (mg/kg)

Al 325.9.0£3.6 98.8 330
As <0.5 0.262
Ba 22.94+0.36 98.0 234
Ca 17183+20 98.2 17500
Cd 0.127+£0.012 93.4 0.136
Co 0.191+0.017 98.9 0.193
Cr 0.890+0.088 98.8 0.900
Cu 11.27+0.09 96.3 11.70
Fe 321.8+2.1 90.6 355
Hg <0.3 0.0282
K 17535+16 93.8 18700
Mg 3664+13 104.1 3520
Mn 30.48+0.13 89.1 34.20
Mo <0.25 0.200
Na 487.6+21.5 102.9 474
Ni 2.87+0.07 112.9 2.54

P 3028+29 99.9 3030
Pb 1.92+0.05 104.3 1.84
Se 0.0501+0.0030 100.2 0.0500
Sr 89.46+0.70 113.6 78.7
A% 0.769+0.027 96.1 0.800
Zn 33.51+0.83 100.9 332

The accuracy of element determinations was proved by
measurements of a certified biological reference material
(12-2-03 Lucerna p-alfalfa, Bratislava, Slovakia). The
values ranged between 89.1% and 113.6% compared to
certified values which show the accuracy of measurements
and the well applied digestion method (Table 2). There is no
given concentration for Li in the reference material, that’s
why in case of Li the recovery was determined by the
standard addition method where the Li standard was added
to one of the samples and measured. The recovery was
found to be 95.4%.

2.7. In vitro element absorption

The transfer of elements from tea to the stomach (gactric
acid of pH=1.1; 1 n HCI (94 g), NaCl (0.35 g) and glycocoll
(0.5 g) in 1000 mL of water) and from intestine (pH=6.5;
Na,HPO; (3.9 g) and KH,PO4 (6.1 g) in 1000 mL of water)
to plasma (pH=7.5; Na,HPO; (20.5 g) and KH,PO4 (2.8 g)
in 1 L of water)) was studied on a Sartorius membrane
diffusion model at 37 °C ?'. The tea (10 mL) and
concentrated tea in buffer solution pH=6.5 (10 mL) was
poured into a container supplied with a membrane at the
bottom of it. The container was plunged into a larger
container. The larger outside container contained 100 mL of
buffer solution (pH=1.1 or 7.5). Fractions (10 mL) were

Eur. Chem. Bull. 2012,1(1-2),14-21
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taken from the outside container at the following time
periods: 30, 60, 90 and 120 min. The aliquot taken was
supplied with buffer solution (10 mL, pH=1.1 or pH=7.5
depending on the experiment). The evaluation was omitted
in the case of Na at pH=1.1 and of K, Na, P at pH=7.5
because of the K, Na, P content in buffer solutions.

2.8. Statistical analysis

Most of the results were expressed in mean + standard
deviation.

3. Results

3.1. Morphology

The macromorphological characteristics of scissa drug-
costituents could be good recognised in herbal mixture.
These diagnostical characteristics of each drug are the
follows: the white phloem-fibres of Althaeae radix, the
yellow-brawn root pieces of Liquritiae radix, the tomentose
leaf-fractions originating from Althaeae folium. The
yellowish flow-fractions originating from Verbasci flos, and
final the mixture can be recognised firstly on the bases of
penetration oder of thyme (Figure 1).

Figurel. Species thymi composita

3.2. Micromorphology

In micromorphplogical point of view the main diagnostical
characteristics of STC are the star shaped covering hairs of
Althaeae folium and the branching covering hairs of
Verbasci flos (Figure 2).

We can find the eye-tooth shaped and hooked covering
hairs and Labiatae trichomes (glandular hairs) originating
from thyme. The calcium oxalate crystals are also
characteristics of mixture: rosettes (cluster shaped crystals)
from marsmallow and single crystals in fibres of liquorice
radix. The phloem fibres of Althaeae and Liquiritiae radix
can be also recognizable in mixture powder (Figure 3).
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Figure 2. Species thymi composita pulvis

1. Liquiritiae radix - fibre containing crystal; 2. Althaeae folium -
star shaped trichomes, 3. Cluste r crystals, 4. Liquiritiae radix —
fibre bound

Figure 3. Althaeae folium pulvis

Diagnostical characteristic: 1. star shaped covering hairs, 2. cluster
crystals; 3. vessels

3.3. Mucilage content

The swallow value of STC is higher than that of Althaeae
radix and folium (Table 3).

3.4. Essential oil content and composition

The contents of essential oil obtained from Thymi herba,
STC and its infusum are demonstrated in Table 4. The
essential oil content of STC is in good agreement with the
expectable value, calculated on the basis of essential oil
content measured in the thyme leaf. The composition of
essential oil obtained from Thymi herba, STC and the tea is
demonstrated in Table 5 and on the gas chromatograms
(Figure 4). In the essential oil of thyme seven characteristic
components: B-myrcene, p-cymene, y-terpenene, linalool,
terpinene-4-ol, thymol and carvacrol were identified. These
components were detectable in essential oil of the herbal
mixture and also in its infusum (tea).

Eur. Chem. Bull. 2012,1(1-2),14-21
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The percentile distribution of the components was similar in
oil of thyme and mixture but this rate was changed in the oil
of tea: the ratio of polaric phenolic compounds, as tymol and
carvacrol increased.

Table 3. Mucilage content

Sample Swallow value
Species thymi composita 17

Althaeae radix 10

Althaeae folium 7

Table 4. Content of total essential oil

Sample Oil content
(mL/100g)
Species thymi composita 0.36+0.03
Thymi herba 1.34£0.25
Tea of Species thymi composita 0.01+0.001

Table 5. Quantitative characterization of essential oil composition
in Thymi herba, Species thymi mixture and its tea according to gas
chromatographic measurements

Components Percentile distribution (%) of components
in essential oil
drug Species thymi composita
Thymi herbal tea
herba mixture

1 B-myrcene 1.0 0.7 0.05

2 p-cymene 229 19.0 4.6

3 y-terpinene 7.9 6.4 2.8

4 linalool 2.00 2.4 43

5 terpinene-4-ol 1.6 1.9 1.9

6 thymol 48.2 52.4 66.1

7 carvacrol 4.1 3.7 5.0

3.5. Mineral element composition

The mineral element content of drug components and STC
determined by ICP-OES is found in Table 6.

Concentration under the detection limit was obtained for
As and Hg in all cases, while for Cd, Co, Li, Pb, Se and V in
some cases. At the same time relatively high amount of Li
(Althaeae folium, Verbasci flos, Thymi herba), Pb (Althaeae
folium, Thymi herba) and V (Verbasci flos) was found
compared to the average plant concentrations, which are
under 2, 2 and 1 mg/kg, respectively. A slite soil content is
shown by the collectively presence of elevated Al (>200
mg/kg), Cr (>1 mg/kg) and Fe (>300 mg/kg) content in
Althaeae folium, Verbasci flos, Thymi herba and STC.
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Figure 4. Gas chromatograms of essential oil of Thymi herba (A),
Species thymi composita (B) and tea of Species thymi composita

©

1. B-myrcene; 2. p-cymene; 3. y-terpinene; 4. linalool; 5. terpinene-
4-0l; 6. thymol; 7. carvacrol

Althaeae folium is rich in Ca (>30000 mg/kg), S (>5000
mg/kg) and Sr (>100 mg/kg), Thymi herba contains Mo and
Ni over average plant concentration (3 and 10 mg/kg,
resgectively), while Sr concentration of STC is also salient
23 All plant materials contain K in relatively low
concentration (<20000 mg/kg). The poorest herb in mineral
elements is Liquiritiae radix in which beside K the
concentration of Mn, P, S and Zn also goes under the
average plant concentration (<20 mg/kg, <2000 mg/kg, <20
mg/kg, respectively). The mineral element composition of
Althaeae radix is similar to Liquiritiae radix.

The element concentration of most of the toxic and
harmful elements in the teas is under the detection limit
(Table 7.) which is favourable. According to our previous
experiments and papers we can not see any significant
concentration in the extracts’ . The only relevant thing is
that the solvability of Ca seems to be higher in STC which
could be happened by the synergic effect of organic
components in the drug mixture.

Eur. Chem. Bull. 2012,1(1-2),14-21

Section C — Research paper
3.6. In vitro transfer of elements

The effect of STC may be connected to the organic
bioactive agents but the examination of effectiveness and
transfer of compounds is rather difficult. The flavonoid
content in tea mixture by usual way was unable to determine
because of the disturbing effect of mucilage. Therefore, the
transfer of flavonoids is also not measurable and the
examination of in vitro absorption of mucilage does not
make sense because of its properties. According to our
previous measurements the transfer of essential oils and
volatile compounds provides only qualitative results”’. Since
elements presenting in the extracts may also have favourable
effect and they could be well measurable quantitative, the
transfer of elements was determined.

Table 8. Amount of elements (ug) transferred from 100 mL
aqueous extract of Species thymi composita into buffer solution
pH=1.1 and from buffer solution (pH=6.5) with extract of Species
thymi composita into buffer solution pH=7.5

30 min. 60 min. 90 min. 120 min.
Into pH=1.1
Al 20.1 21.1 25.2 26.1
Ba 1.4 2.4 2.6 2.5
Ca 1301 1446 1542 1568
Cu 2.2 2.5 2.6 2.7
Fe 10.1 11.3 11.6 12.1
Mg 447 598 703 727
Mn 2.6 33 3.6 3.7
Ni 0.31 0.41 0.42 0.44
P 325 409 456 471
S 394 600 702 714
Sr 7.2 8.1 8.6 8.7
Zn 2.5 26 2.9 3.1
Into pH=7.5
Al 3.0 34 52 6.6
Ba 0.4 0.6 0.8 0.9
Ca 391 443 505 618
Cu 1.7 2.0 2.3 2.4
Fe 3.1 3.7 3.9 44
Mg 288 446 562 591
Mn 0.8 1.1 1.5 1.6
S 258 405 537 573
Sr 4.2 4.5 5.0 6.0
Zn 0.82 0.89 0.90 0.91

The transfer of elements from tea and buffer solution
pH=6.5 of STC into different buffer solutions (pH=1.1 and
pH=7.5) was measured in a dialysis system. The result was
evaluable for Al, Ba, Ca, Cu, Fe, Mg, Mn, S, Sr and Zn,
while the concentration of As, Cd, Co, Cr, Hg, Mo, Pb, Se,
V was under the detection limit. The transfer was
continuous in all cases (Table 8). Relative high transfer was
observed for Al, Ba and Mg in case of buffer solution
pH=1.1 (stomac pH), since more than half of the amount in
tea passed through the membran (Table 5). The transfer of
Ni was obtained to be very low. From buffer solution
pH=6.5 (intestine pH) to buffer solution pH=7.5 (plasma
pH) the element transfer was found to be of lower rate and
the amount of Mg passed from the extract of STC was only
relevant with transfer of 591 mg (70% of the initial amount).
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Table 6. Element content of drug components and Species thymi composita (mg/kg dry weight, n=3)

Elements Althaeae folium Althaeae radix Verbasci flos Thymi herba Liquiritiae radix Species thymi
composita

Al 376.6+2.9 83.9+1.54 1168+7 641.7£9.8 47.7+0.3 961.4+20.6

As <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Ba 13.35+0.03 7.26+£0.21 12.05+0.02 74.67+1.32 13.14£0.11 30.50+0.54

Ca 340444267 6113+20 6616431 12687290 9709+63 17480+346

Cd 0.34+0.02 0.25+0.01 0.09+0.01 0.21+0.01 <0.03 0.14+0.01

Co <0.015 <0.015 0.56+0.01 <0.015 <0.015 0.33+0.04

Cr 1.28+0.03 0.97+0.04 3.34+0.05 11.51+0.24 0.90+0.03 3.95+0.07

Cu 15.93+0.02 14.47+0.10 14.88+0.09 12.83+0.23 5.90+0.02 17.59+0.31

Fe 404.2+2.5 66.9+£0.35 1288+6 563.5+9.4 69.0+0.2 878.5+£13.2

Hg <0.75 <0.75 <0.75 <0.75 <0.75 <0.75

K 17331+79 11343495 11509+58 15681+255 3946445 13649+282

Li 5.9540.46 <0.1 5.98+0.81 4.37+0.46 0.87+0.15 5.86+0.45

Mg 1679+11 142948 1758+3 1947+11 1441+11 1833424

Mn 38.64+0.14 9.70+0.43 46.73+0.23 129.4+2.5 9.19+0.07 54.97+0.99

Mo 2.12+0.30 1.55+0.09 1.57+0.36 12.15+0.43 1.31£0.11 1.92+0.24

Na 883.8+5.01 100610 417.143 171.243.7 436.2+7.2 622.0+15.1

Ni 4.52+0.07 4.63+0.08 7.17+0.09 44.78+0.75 4.2940.13 6.86+0.14

P 4115+11 3657+23 2946+15 1888+24 1146+8 3220+38

Pb 3.73+0.21 1.29+0.14 1.47+0.06 3.22+0.07 <0.5 1.39+0.07

S 616749 3506+7 1454+16 1853+19 876.8+3 3420+17

Se <0.2 0.364 £0.086 1.26+0.09 <0.2 <0.2 <0.2

Sr 108.6+0.77 61.29+0.49 35.36+0.27 40.45+0.73 334.5+5.2 146.8+3.4

A% 1.01£0.14 <0.05 3.45+0.04 1.24+0.09 0.12+0.01 2.234+0.17

Zn 36.43+1.06 23.194+0.82 26.39+0.23 33.17£1.16 10.14+0.12 26.23+0.62

Table 7. Element content in teas of drug constituents and Species thymi composita (ug/100 mL, n=3)

Elements Althaeae folium  Althaeae radix Verbasci flos Thymi herba Liquiritiae Species thymi
radix composita

Al 0.37+0.04 0.92+0.02 158.0+0.9 30.61+0.93 10.14+0.10 26.98+0.36

As <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Ba 0.19+0.01 0.38+0.03 2.02+0.02 10.02+0.04 1.31+0.03 3.94+0.07

Ca 2427+33 949.2+3.6 1901+24 3137+11 514.3+4.3 3706+11

Cd <0.01 <0.01 0.03£0.01 <0.01 <0.01 <0.01

Co <0.015 <0.015 0.23£0.01 0.09+0.01 <0.015 0.17+0.02

Cr 0.43+0.02 0.64+0.02 2.06+0.03 2.05+0.02 0.68+0.01 1.86+0.01

Cu 0.69+0.02 2.39+0.05 7.60+0.11 3.35+0.01 3.02+0.02 6.78+0.02

Fe 1.07+0.13 2.52+1.89 175.2+1.9 32.7+0.25 8.48+0.03 30.33+0.09

Hg <0.75 <0.75 <0.75 <0.75 <0.75 <0.75

K 1184725 5627434 8796448 11109+71 2552+18 9104434

Li <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Mg 576.2+5.5 920.3+4.8 886.0+5.3 992.1+6.6 937.0£2.2 838.3£0.9

Mn 0.79+0.05 0.53+0.16 11.94+0.18 35.70+0.13 2.35+0.02 11.53+0.02

Mo 1.5540.02 1.17+0.11 1.33£0.11 1.69+0.05 1.16+0.08 1.49+0.08

Na 478.8+0.7 515.8+0.12 398.4+1.97 160.7+1.7 394.745.5 459.9£1.0

Ni 4.27+0.07 4.44+0.08 6.02+0.10 9.47+0.03 4.24+0.10 6.19+0.27

P 575.24£5.9 940.4+£5.0 2446+30 1279+42 618.5+6.3 1978+14

Pb <0.05 <0.05 0.58+0.09 0.54+0.02 <0.125 <0.125

S 2655+9 3299415 976.8+10.6 1181+4 524.548.6 2480+11

Se <0.2 <0.2 0.408+0.052 <0.2 <0.2 <0.2

Sr 7.49+0.35 8.42+0.09 7.12+0.12 6.71+0.52 27.08+0.31 19.09+0.28

\% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Zn 0.69+0.08 0.725+0.180 13.72+0.10 8.20+0.38 3.27+0.15 8.22+0.03
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4. Discussion and Conclusions

A tea mixture, Species thymi composita, known from
the FoNo used in respiratory diseases was studied for
possible analytical methods (morphological study and
composition analyses) and the effectiveness was
examined in vitro for elements.

The main macro- and  micromorphological
characteristics of STC belong to the drug components of
mixture, which are well recognizable. The applicable
analytical procedures for determination of bioactive
agents and compositions were essential oil content and
composition by GC and GC-MS, mucilage content,
element content by ICP.

According to our analysis of Thymus vulgaris oil, the
main bioactive compounds are thymol, p-cymene, y-
terpinene, carvacrol and linalool as was found by other
authors as well**** . Its volatile oil components with
polyphenolic compounds have relevant antioxidant
activities and sPasmolytic effect which prove the
effectiveness *°**’ . The mucilage containing Althaea
officinalis extract has antitussitive activity and inhibits the
endothelin-1 (ET-1) induced mitogen activated protein
kinase (MAPK) activation and calcium mobilization as
well as cough caused by ACE drugs"?”**. Exract of
Verbascum flos has anti-inflammatory activity™.

Airway inflammation has a key role in the pulmonary
and respiratory diseases, as well as in asthma. In these
inflammatory  processes  inflammatory  mediators,
prostaglandins (PGD2, PGE2), leukotriens and cytokines
such as IL-1p, IL-3, IL-5, IL-6, IL-8, IL-13, TNF-a, form
by neutrophils, macrophages, lymphocytes, eosinophils
and mast cells’*2. At transcriptional level the processes
are regulated by NF-xB. The severity of inflammation is
in relation to the elevated activity of NF-«B.

Prostaglandins (PGs) have a role in cough induced by
angiotensin-converting enzyme (ACE) inhibitors > .
Inhibition of PG synthesis by calcium chanell blockers
can reduce this effect’. Non-steroidal antiinflammatory
drugs (NSAID-s) inhibit the biosynthesis of
prostaglandins, and the synthesis of iNOS
proinflammatory protein as well as proinflammatory
cytokines, e.g. Glycyrrhiza glabra proved to have
antioxidant activity and reduces inflammatory processes,
ACE enzyme activity, PGE2 production, as well as LPS
(lipopolysaccharide) induced TNFo and IL-1B, IL-6,
mRNA expression >,

In PG synthesis reactive oxigen species formed inhibit
the function of cyclooxygenase. The inhibition of COX2
is favourable, while of COX1 is contraindicated * .
Several nutritional polyphenols and others are COX2
inhibitors and iNOS activators, therefore their uses, e.g.
in form of tea, are beneficial’’. Mainly the flavonoids in
Althaeae folium, Thymi herba and Verbasci flos of STC
may participate in this favorable effect.

In living organism transition metal ions (Cu, Fe, Mn,

Zn) have a key function in both catalysis of biological
oxidation by formation of free radicals and antioxidant

Eur. Chem. Bull. 2012,1(1-2),14-21
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system by scavenging free radicals. The alteration of
these element concentrations in the cells significantly
modifies the signal transduction processes’ =*. Metal ions
participate in the activation of NF-kB, AP-1 and the
regulation of IkB kinases and other redoxy sytems™ .
Magnesium deficiency may induce transient increase in
intracellular Ca level, in which process prooxidant
cytokines (IL-1, IL-6, IL-8, TNF-a, -B), different growth
factors (EGF-o0, TGF-B, NFGF, FGF, PDGF), and
interferons (IFN-a, —y) form. The elevated cytokine
production induces genes of reactive oxygen species and
produces the following enzymes: NADPH oxidase,
xanthine oxidase/dehydrogenase, COX, lipoxygenase,
Cyt P450, NO synthase, proteins containing iron,
Cu,ZnSOD, MnSOD. At the same time increasing of the
intracellular Mg level inhibits the production of
prooxidant cytikines by activation of corresponding
protein phosphatises™’. The Mg absorption from the tea of
STC seems to be grantee, since the initial Ca to Mg
concentration ratio was 4 in the tea, the ratio decreased to
2 in gastric acid, while in the plasma the ratio decreased
further to 1 (Table 5). Meanwhile the normal plasma Ca
to Mg concentration ratio is about 4 or 5, the absorption
of tea with ratio of 1 indicates a higher Mg absorption
that may affect indirectly against the mentioned
proinflammatory process. The favourable effect of oral
Mg administration in chronic obstructive pulmonary
disease confirms this statement*'. Since Mg as well as Zn
have bronchodilatotory action and antioxidant flavonoids
and Se, Zn, Mn, Cu have relevant effect on respiratory
diseases’" **, the presence and absorption of these
elements in the tea may prove the effect.

The paper summarized the analytical methods that may
use in the analysis of and characterize the tea mixture
STC. In the development of favourable effect of STC,
which acts via signal transduction process, the presence
of bioactive flavonoids, volatile oil components, mucilage
and elements may be jointly important.
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THE ELECTRONIC STRUCTURE OF FUROXANS
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Disubstituted furoxans, 1,2,5-oxadiazole-2-oxides (X,C,N,0,, where X=H, Cl, Br, I, CH;, NC), have been investigated in the gas phase by
He I and He II UV photoelectron spectroscopy. Ionization potentials have been determined and the electronic structures have been
discussed within the frame of molecular orbital theory. The ground-state geometries of the neutral molecules have been obtained from
quantum-chemical calculations using the B3LYP/cc-pVTZ method. Photoelectron spectroscopy, supported by quantum-chemical
calculations at the SAC-Cl/cc-pVTZ level, provides a detailed investigation into the electronic character of the molecules and an analysis of

the effect of substitution on the orbitals of the parent furoxan.
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1. Introduction

Furoxans (1,2,5-oxadiazole 2-oxides) are important
compounds in various fields of chemistry, in particular in
synthetic organic chemistry'~ and medicinal chemistry,* due
to their unusual structure and reactivity, and biological
activity. They are important synthetic precursors and found
applications as high energy materials.” A better understand-
ing of the electronic structure of these compounds may help
to find further applications.

Although the first furoxan derivative, dibromofuroxan,
was synthesized (unknowingly) in the middle of the 19™
century, the general structure of furoxans as planar five-
membered rings with an exocyclic N-oxide group was
confirmed only after a century of debate.'” Furoxans having
small substituent groups, such as hydrogen or halogen atoms
and cyano or methyl groups, are key to understanding
properties and chemistry of all furoxans. The structures of
only the parent,® dibromo,” and dicyanofuroxans® were
confirmed to date by X-ray crystallography. Vibrational and
electronic properties of small furoxans were investigated
recently by IR* " Raman®'"" and photoelectron
spectroscopies.® !

The furoxan moiety, due to its electronegative atoms,
usually characterized as electron-rich, and thus its structural
description by theoretical methods is challenging. It was
pointed out that the description of electronic structures of
furoxans were sensitive to dynamical correlation effects'*">
and the HF wave function was found to be unstable for the
parent furoxan;'" therefore early calculations based on HF
and MP2 methods must be regarded as artefacts.

Eur. Chem. Bull. 2012, 1(1-2), 22-26

Calculations on the parent furoxan and substituted
derivatives indicate that density functional theory using the
B3LYP functional can lprovide a correct description of the
furoxan geometry.*'>'>'0

In this paper we report a comprehensive photoelectron
spectroscopic study of furoxans (X,C,N,O,, where X=H, Cl,
Br, I, CH;, NC) and an investigation of their equilibrium
structures using density functional theorP/. Our previous He |
photoelectron spectroscopic studies® """ are reinvestigated
using higher instrumental resolution and are augmented with
He II measurements. The experimental work is assisted by
high level SAC-CI ab initio calculations.

2. Experimental section

All furoxan derivatives were synthesized according to
known literatute methods: the parent furoxan and its
dimethyl'” and dichloro'® derivatives were synthesized from
glyoxime, dimethylglyoxime, and dichloroglyoxime by
oxidizing with NO, gas, concentrated nitric acid, and
anhydrous nitric acid, respectively, dicyanofuroxan' from
cyanoacetic acid with anhydrous nitric acid, dibromo-
furoxan® from oximinoacetic acid with bromine and HgO,
diiodofuroxan from silver fulminate with iodine."" The
purity of samples was checked by NMR and IR
measurements.

The He I and He II ultraviolet photoelectron spectra (UPS)
of gaseous furoxans were recorded using an Atomki ESA-32
photoelectron spectrometer described in detail elsewhere.?!
Photoelectron spectra were recorded using the constant
transmission energy mode of the electron energy analyzer
and were calibrated with the Ar+(2P3/2,1 1) spin-orbit doublet.
The resolution of the analyzer was 30 meV in He I
measurements (fwhm for the Ar p,, line). During the He 11
measurements the resolution of the electron energy analyzer
was lowered to 80 meV (fwhm for the Ar 2Py, line) in order
to gain higher electron count rates.
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3. Computational methods

The geometries of the ground state neutral molecules were
calculated using the B3LYP method and harmonic
vibrational frequencies were obtained to identify them as
real minima (zero imaginary frequencies) on the potential
energy surfaces. The stability of B3LYP wave functions was
checked, and B3LYP wave functions were found to be
stable. We note that HF wave functions were found to be
unstable (RHF-UHF instability) for all furoxan derivatives
and so MPn calculations were rejected in this work. Vertical
ionization energies (IEs) were calculated using the
Symmetry Adapted Cluster/Configuration Interaction (SAC-
CI) method using geometries obtained at the B3LYP level.
Calculations were done using the cc-pVTZ basis set on C, H,
N, O, Cl, and Br atoms and cc-pVTZ-pp on iodine.”” Only
valence electrons were correlated in post-HF calculations.
All calculations were performed with the GAUSSIAN-09
quantum chemistry package.”

4. Results and discussion

4.1. Equilibrium structure of furoxans

Calculated structural data of furoxans are presented in
Table 1 and the structure and numbering of atoms are shown
in Figure 1. The experimental X-ray structures of parent
furoxan, dibromofuroxan, and dicyanofuroxan are also listed
in Table 1 for comparison. Although the theoretical
equilibrium structure cannot be compared directly with the
crystallographic structure due to vibrational averaging and
solid-state effects, we expect the differences for rigid
molecules like furoxans to be small.

Section A-Research Paper

Figure 1. Structure of furoxans and numbering of atoms

According to calculations, all furoxans have a planar
structure, not considering methyl group hydrogen atoms,
and all molecules have C; symmetry. Variation in bond
lengths and especially in bond angles of the furoxan moiety
due to substituent effects is relatively small, the largest is
0.028 A and 1.9, respectively. The O,-N, bond is the most
sensitive, and its length is increasing with increasing
electronegativity of the substituent atoms. This bond is the
longest and weakest in all derivatives, suggesting a point of
cleavage and ring opening in decomposition processes.
Bond orders can be calculated using the Gordy’s rule** and
by comparing the calculated bond lengths of furoxans with
those of molecules having typical single/double CC, CN,
and NO bonds (H;C—-CH;(1.527 A)/H,C=CHy(1.324 A),
H;C-NH,(1.464 A)/H,C=NH(1.263 A), and H,N-OH(1.447
A)YHN=0(1.198 A), calculated at the B3LYP/cc-pVTZ
level). C-N bonds, nominally double bonds, are between a
single and double bonds (bond order 1.6-1.8), and C;—C4

Table 1. Calculated” equilibrium geometry of furoxans (X,C,N,0,)

X= H Cl Br I CH, CN
0N, 1.464 (1.441) 1.458 1.458 (1.438) 1.458 1.445 1.472 (1.454)
N,-Cs 1.325 (1.302) 1.329 1.329 (1.299) 1.330 1.326 1.340 (1.344)
Cy-C, 1.408 (1.401) 1.417 1.418 (1.40) 1.422 1.419 1.425 (1.401)
CyN; 1.302 (1.292) 1.297 1.296 (1.25) 1.297 1.305 1.306 (1.300)
Ns-O, 1.360 (1.379) 1.370 1.371 (1.359) 1.370 1.367 1.346 (1.354)
N»-Os 1.210 (1.240) 1.207 1.207 (1.228) 1.208 1.218 1.195 (1.206)
X, 1.073 (0.92) 1.693 1.852 2.061 1.486 1.406 (1.423)
CsXs 1.077 (0.97) 1.706 1.868 2.079 1.489 1.420 (1.423)

C,—(H' or N) 1.087 1.152 (1.128)
C,-H" 1.091

Cs—(H' or N) 1.088 1.150 (1.134)
Ce-H" 1.091
O\N,C, 105.6 (107.2) 105.6 105.7 106.1 107.0 105.1 (105.4)
N,CsC 107.4 (107.2) 107.1 107.0 106.8 106.7 106.9 (106.8)
C3CaN;s 111.7 (111.9) 112.1 112.2 111.9 111.1 111.4(112.1)
CuNsO, 107.1 (106.6) 106.5 106.6 107.0 107.5 107.6 (107.2)
0,N,0; 118.4 (116.4) 119.2 118.9 118.4 119.0 119.0 (118.2)
Heh'd 132.3 (130) 130.7 131.1 132.0 132.7 130.9 (131.3)
C3CaXs 127.9 (128) 125.6 126.1 127.3 127.7 126.7 (126.8)

C3Co(H' or N) 110.5 179.0 (179.0)
C;CH" 110.9

C.Cs(H' or N) 109.5 178.3 (178.0)
C,CsH" 111.1

* Calculated at the B3LYP/cc-pVTZ level. Bond lengths are in A and bond angles are in degrees. See Figure 1 for numbering of atoms.
Experimental X-ray crystal structures from references [6,7,8] are in parenthesis.
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and Ns—O, bonds, nominally single bonds, are shorter than a
C—C or N-O single bond (bond order 1.4-1.5 and 1.2-1.3,
respectively). This tendency to bond order equalization is in
agreement with the expected aromaticity of furoxans."> The
exocyclic N—Og bond is short (bond order 1.9-2.0) and may
be regarded as a double bond. Its length is decreasing with
increasing electronegativity of the substituent atoms
connected to the furoxan moiety.

4.2. Photoelectron spectra of furoxans

The He I and He II photoelectron spectra of furoxans are
shown in Figures 2 and 3, and experimental and calculated
ionization potentials are listed in Table 2. From the
calculated IPs, from the comparison of the He I and He II
spectra, and from the comparison of the spectra of
substituted derivatives, the assignment is relatively straight-
forward.

A possible starting point to describe the -electronic
structure of furoxans is to consider the MOs of a five-
membered aromatic ring, modified with an exocyclic
oxygen atom and two substituent atoms or groups. Three &
orbitals, a nitrogen ‘lone pair’ orbital (Nnying), an oxygen
‘lone pair’ orbital (ng,ing), and two oxygen ‘lone pair’
orbitals from the exocyclic oxygen atom (m(ng) and o(no))
can be deduced from the furoxan moiety as low IP MOs. In
addition, seven high IP orbitals can be deduced from the
ring ¢ framework, including the terminal ‘lone pair’ of the
exocyclic oxygen atom (N term). IOnization from some of

=H
)
X=CH,
.,
X=CN
8 10 12 14 16 18

IONIZATION ENERGY / eV

Figure 2. He I photoelectron spectra of the parent (top), dimethyl
(middle), and dicyanofuroxan (bottom).
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these orbitals will produce photoelectron bands in the
investigated IP region. In addition to MOs of the furoxan
moiety, MOs from the substituent groups are also expected.
MOs in general are far from localized, but in order to keep
discussion simple we use the notations above. MOs of the
parent furoxan are shown in Figure 4.

According to calculations, the first band in spectra
between 9 and 11 eV can be unambiguously assigned to the
O¢ oxygen m(np) lone pair with some contribution from the
ring. These PE bands show vibrational fine structure with
strong adiabatic transition. The band shape indicates a
relatively small geometrical change due to ionization from
the HOMO. The vibrational fine structure is not entirely
resolved, but ionic vibrational frequencies of ground state

X=ClI

X=Br

He |

He ll

f
i
M_,JN \j \ Jun'ﬁu%\w/*\ww.?" Mm'%«w

X=

He |

He Il

|1J 1
" A\ M |
MJEHMJ ﬂﬁhwj Nh; MWWMWJfMHJw

8 10 12 14 16 18
IONIZATION ENERGY / eV

A

Figure 3. He I and He II photoelectron spectra of the dichloro (top),
dibromo (middle), and diiodofuroxan (bottom).
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Table 2. Experimental and calculated® vertical ionization energies of furoxans (X,C,N,0,)

=H Cl Br 1 CH; CN orbital character
Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. and symmetry
9.66°  9.27 9.69°  9.35 9.40¢  9.22 924" 8.90 9.0/ 850 | 10.69" 1020 | m(np),a"
9.99 10.06 ng, a"
10.58 10.47 n. a'
10.80°  10.55 11.16°  10.93 10.70"  10.69 10.7 10.50 1027 9.90 12.08 11.72 | o(ng), a'
11.16 11.13 n(ring), a"
10.70 10.77 11.12 11.08 ng,, ny, "
12.86 12.87 11.69 11.91 11.45 11.09 ncy, Ny, Ny, @'
13.07 13.13 12.07 12.22 ney, N, @'
13.58 13.53 12.29 12.48 nep, N, a"
11.85 11.80 (13.0) 13.77 12.5 12.71 10.80 10.64 12.08 12.15 | n(ring), a"
12.9 1284 | 1223 12.06 (N ring)» @'
13.8 13.84 o(ring, C-I), a'
13.5 13.30 n(ring), a"
| 13.70 13.64 | CHj, n(cyano), a'
| 14.37 13.51 14.00 | CHj, n(cyano), a'
| 14.84 14.08 14.14 | ny(cyano)
| 14.74 14.22 ny(cyano)
| 15.22 14.21 CH3;, n(cyano), a"
12914 12.96 14.31 13.75 133 13.24 | 14.42 | o(Nning), @'
| 15.35 CH;, a'
15.5 15.50 15.15 CHj;, n(cyano), a"
15.13 15.04 nep, a"
14.68 14.24 14.5 14.67 14.5 14.24 n(ring), a"
14.5 14.58 o(ring, C-I), a'
14.68 14.74 15.13 15.18 14.5 14.67 16.1 16.31 16.41 16.29 16.14 16.52 6(Ng sing), @'
16.3 16.46 16.86 17.07 15.65 15.97 C-X, a
17.20 17.02 16.53 16.77 o(ring), a'
16.5 17.23 C-H
16.9 17.54 18.09 n(ring), a"
18.14 18.47 18.01 18.25 17.54 17.77 17.1 17.40 17.03 17.04 18.1 18.18 | o(noerm), @'
18.23 17.18 18.68 | m(ring), a"
18.87 n(ring), a"

% Calculated at the SAC-C1//B3LYP/cc-pVTZ level. ® Cationic vibrational wavenumbers: 1130+50 and 810450 cm™'. ¢ Cationic vibrational

wavenumber: 1210+50 cm .

Cationic vibrational wavenumber: 810+50 cm '. © Cationic vibrational wavenumber: 800+50 cm . |

Cationic vibrational wavenumber: 1050100 cm ™. ¢ Cationic vibrational wavenumber: 840450 cm™'. " Cationic vibrational wavenumber:
1300+100 cm ™. ! Cationic vibrational wavenumber: 800+50 ¢cm ../ Cationic vibrational wavenumber: 800+50 cm ™. ¥ Cationic vibrational
wavenumber: 1150+50 cm™.! Cationic vibrational wavenumber: 840+50 cm™.

cations can be estimated with an accuracy of ca. 50 cm'
(see Table 2). The second band in all spectra, except that of
the iodo derivative, is assigned to the in-plane Og oxygen
o(np) lone pair orbital, mixed some extent with the ring o
orbitals. The two exocyclic oxygen atom lone pair orbitals
(m(np) and o(ng)) are thus separated by 1.1-1.5 eV, which is
similar to the ca. 1 eV separation observed in the spectra of
simple aromatic N-oxides.” The third and the fourth bands
in the spectrum of parent furoxan at 11.85 and 12.91 eV are
unambiguously assigned to the ring highest lying m orbital
and nitrogen ‘lone pair’ orbital (N ing), respectively. These
PE bands are shifted toward lower IPs upon methyl
substitution and can be unambiguously detected in the
spectrum of dimethyl-furoxan. The second band in spectra
of dichloro, dibromo, and dicyano derivatives, however, is
assigned to two MOs, one is the in-plane Og oxygen o(no)
lone pair orbital and the other is a ring © orbital mixed to
some extent with the CN group or halogen atoms. In the
case of the bromo derivative the bromine lone pair character
is dominant. The assignment of the sharp bands in the
spectrum of diiodo, dibromo, and dichloro derivatives in the
10-11.5, 11.5-12.5, and 12.5-14 eV region, respectively, is

Eur. Chem. Bull. 2012, 1(1-2), 22-26
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unambiguous as their relative intensity is strongly reduced
in the He II spectra and they clearly originate from lone pair
orbitals of halogen atoms. The intense broad feature in the
spectrum of dicyano derivative between 13.5-15 eV is a
result of the overlapping of seven PE bands assigned to the
ionization of six highly localized cyano group based orbitals,
four m(cyano) and two terminal nitrogen lone pair ny(cyano),
and to the o(nnyn,) orbital. A clear identification to
individual orbitals is not possible, but calculation clearly
show the clustering of the six cyano based MOs. Similar
clustering of the relevant PE bands have been observed in
the spectrum of 3,4-dicyano-1,2,5-thiadiazole in the same
ionization energy region.”® The assignment of PE bands in
the high ionization energy region of spectra is less
unambiguous. Our assignment (Table 2) is based on
calculations and on comparing spectra of substituted
derivatives.

It is interesting to compare the peak positions of PE
bands corresponding to molecular orbitals of the furoxan
moiety in substituted derivatives. The IE correlation
diagram is shown in Figure 4. The dimethyl derivative has

25
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the lowest ionization potential of all furoxans investigated
and the dicyano derivative has the highest. Ionization
potentials are gradually increasing in the order of
CH;<I<Br<CI<CN substituted derivatives, which can be
explained by the electron donating and electron withdrawing
effects of substituent groups. The shift of PE bands due to
substituent effects indicates, in general, similar pattern and it
is in agreement with the mesomeric and inductive effects of
substituents attached to the furoxan moiety.

T(ng) O(ng) T  Nysing  Noyring !
T N N B R
ews [ (10100
S R |
"IN N R T
o AR
§=J : 1:1 : 1:3 : 1:5 : 1}7 "

IONIZATION ENERGY / eV

Figure 4. Experimental ionization energy correlation diagram for
substituted furoxans and schematics of the corresponding
molecular orbitals of the parent furoxan.

5. Conclusion

Structures of simple substituted furoxans have been
investigated in the gas phase by photoelectron spectroscopy
and by theoretical calculations using B3LYP and SAC-CI
methods. According to calculations, furoxans have a planar
ring structure with a short exocyclic N-O bond and a long
endocyclic N-O bond. Photoelectron spectroscopy has
provided information on the valence occupied levels of the
neutral molecules and on the fundamental vibrations of the
low-lying cationic states. Assessment of the sequence of
cationic states has provided an assessment of substituent
effects on ionization potentials and electronic structures.
HOMOs of all furoxan derivatives have predominant
exocyclic oxygen 7 lone pair character, therefore the lowest
energy ionization potentials are assigned to ionizations from
the out-of-plane oxygen lone pair orbitals.
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COMPARATIVE PHYTOCHEMICAL SCREENING OF
PHENOLOIDS IN LYSIMACHIA SPECIES
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Keywords: Lysimachia vulgaris; Lysimachia nummularia; Lysimachia punctata; phenoloids; antioxidants; RP-HPLC-DAD-ESI-
MS/MS

A comparative qualitative and quantitative screening of phenoloids of Lysimachia vulgaris L., Lysimachia nummularia L. and Lysimachia
punctata L. is reported for the first time. The total flavonoid, hydroxycinnamic acid, tannin and polyphenol content of these species were
examined by spectroscopic methods (Ph. Eur. 5.). The accumulation of various phenoloids in individual organs was investigated as well.
The quantitative analytical measurements revealed that the total flavonoid content expressed in hyperoside of L. vulgaris was significantly
lower than that of L. nummularia and L. punctata, but its hydroxycinnamic acid content was outstanding. The accumulation of polyphenols
and tannins showed to be homogeneous among the samples. The in vitro radical scavenging activities of the plant extracts were tested by
DPPH and ABTS methods. Our studies proved that L. nummularia extract had the most significant activity. The composition of flavonoids
in the samples and their in vitro antioxidant effect showed that the dominance of myricetin glycosides in L. nummularia is closely related to
the most significant antioxidant capacity of this sample. In addition to the quantitative accumulation of flavonoids, significant differences
have been observed in the composition of their quality as well. The main flavonoids in L. nummularia and L. vulgaris were identified

myricetin- and myricetin-, quercetin, and kaempferol-glyosides, respectively by HPLC-DAD-ESI-MS/MS method.
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Introduction

The members of the Lysimachia genus are at the forefront
of interests. The various species of the genus are distributed
in meadows, but their versions are planted also extensively
in gardens. They can commonly be found in the temperate
zone in North America, Asia and Europe. Most of the
known species are native in China.'

The phytochemical screenings of Far-East native
Lysimachia species have started in the last two decades.
The chemical studies showed the presence of flavone and
flavonol type flavonoids and saponins in these plants. The
representatives of the genus include free flavonols and
flavone: myricetin, quercetin, kaempferol,"? isorhamnetin
and flavonoid mono-, di- and tri-glycosides. The members
of Lysimachiopsis and Nummularia subgenus have been
reported to contain also C-glycosides.”

The polar compounds of the Lysimachia genus such as
flavonoids have been found to have potent anti-tumor and
cytotoxic activity in human leukemia K562 cells.” Their
anti-bacterial and excellent anticholecistic potential,
antipyretic effect and the availability to increase bile
secretion in acute cholecystitis have been reported as well.*
The alcoholic extract of L. ramosa herb could give rise to
killing of different parasite tapeworm.’

Eur. Chem. Bull. 2012, 1(1-2), 27-30

Hungarian folk medicine and Traditional Chinese Medicine
(TCM) also use the leaves of different Lysimachia species. L.
nummularia L. can be used in rheumatic pains, gingivitis,
stomatitis, paradontosis, and purulent skin diseases
treatment due to its antibiotic and anti-inflammatory
properties. The herb tea is wused for gastrointestinal
diseases. ©** The TCM uses the L. christinae herb for
treatment of retention of urine, painful urination, kidney
stones jaundice, anorexia, gallstones. It has diuretic, anti-
inflammatory and hepatoprotective properties too. It can be
used externally for skin cooling, ulcers, infected wounds,
snake bite treatment, reduces swelling and edema.’ The
Lysimachia genus can serve as a good example, helping us
to explore the possible links between European folk
medicine and Traditional Chinese Medicine.

As the exploration of the European species of the
Lysimachia genus is incomplete, we aimed their comparing
screening. In this paper the first results of the study of the
phenolic metabolites of Lysimachia vulgaris L., Lysimachia
nummularia L. and Lysimachia punctata L. are summarized.

Materials and methods
Plant material

Samples of Lysimachia nummularia L., Lysimachia
vulgaris L. and Lysimachia punctata L. were obtained from
Biikk National Park in early and late flowering stage. The
samples were dried at room temperature and authenticated

in the Department of Pharmacognosy, Semmelweis
University, Budapest, where voucher specimen are
deposited.
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Table 1.: Phytochemical characteristics of Lysimachia samples
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(*average of 3 measurements)

Total flavonoid* Total polyphenol* Tannin* Hydroxycinnamic acid*
(g/100g, in hyperoside)  (g/100g. in pyrogallol) (g/100g) (g/100g, in rosmarinic acid)

L. vulgaris L.

herba 0.55+0.01 3.42+0.15 1.82+0.11 2.43+0.10

leaf 1.14+0.04 3.26+0.18 1.96+0.12 2.45+0.08

stem 0.10+0.02 0.99+0.13 0.32+0.04 0.53+0.04

L. nummularia L.

herba 1.02+0.02 3.00+0.12 1.95+0.10 1.25+0.03

leaf 1.77+0.05 2.34+0.11 1.26+0.11 1.16+0.07

stem 0.36+0.05 1.77+0.14 0.97+0.10 0.63+0.06

L. punctata L.

herba 0.87+0.07 4.05+0.13 2.81+0.14 1.78+0.08

leaf 1.32+0.05 3.52+0.14 2.63£0.12 1.69+0.08

stem 0.19+0.03 1.31£0.14 0.99+0.12 0.38+0.02

flower 0.61£0.05 2.98+0.12 1.89+0.12 2.35+0.10

Extraction

Soxhlet extraction was performed in laboratory-scale
apparatus according to the guidance of Ph. Eur. 5. Ten g
of plant material was extracted with methanol. After
filtration, the extract was evaporated under reduced
pressure with a rotary evaporator at 60 °C.

Quantitative and qualitative methods

Total phenoloid, tannin, flavonoid and hydroxycinnamic acid
content

Contents of polyphenols, tannins, flavonoids and
hydroxycinnamic acids were determined in the dried plant
samples by applying the methods of Ph. Eur. 5."

DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid)) method

Antioxidant activities of the Lysimachia extracts were
determined using DPPH (2,2-diphenyl-1-picrylhydrazyl)
and ABTS (2,2‘—azino-bis(3—ethglbenzothiazoline—6-
sulphonic acid)) as free radicals."""® Ten mg of DPPH
(Sigma-Aldrich, Budapest, Hungary) was dissolved in
25.0 mL HPLC grade methanol. Ten mg ABTS (Fluka)
was dissolved in 2.6 mL HPLC grade water. To produce
ABTS radical cation, stock solution was reacted with 1.72
mg potassium persulfate. Stock solutions were diluted
right before measuring by HPLC methanol and
spectroscopic ethanol, respectively, so that absorbance of

the diluted free radical solutions was approximately 0.900.

In their radical forms DPPH and ABTS have absorption
maximums at characteristic wavelenghts, at 515 nm and
734 nm, respectively. During the reaction with
antioxidants, the radicals are converted back to their
colorless neutral form. This decolourisation is
stoichiometric with respect to the concentration of
antioxidant and can be measured spectrophotometrically.
During the assay 50 pL of the samples of 5 different
concentrations were added to the free radical solutions
and the decrease of the absorbance was measured by
Hitachi U-2000 spectrophotometer at the characteristic
wavelengths for 6 minutes. From the decrease of the
absorbance, percentage of inhibition was calculated. The
percentages of inhibition were plotted vs. the
concentrations.

Eur. Chem. Bull. 2012, 1(1-2), 27-30

The concentrations belonging to the 50% inhibition (ICs)
were determined by linear regression.

RP-HPLC-DAD-ESI-MS/MS method

Samples were redissolved in super gradient grade
methanol (Sigma-Aldrich, Budapest, Hungary), were
purified on Supelco SPE Cartridge LC18 (500 mg / 3 mL)
and after evaporation, were redissolved in super gradient
grade methanol prior to analysis.

For chromatographic separation an Agilent 1200 HPLC
system (G1379A degasser, G1312A binary gradient pump,
G1329A autosampler, G1316A column thermostat and
GI1315C diode array detector) was used (Agilent
Technologies, Waldbronn, Germany). Samples were
separated on a Supelco Ascentis Express C18 column (50
x 3,0 mm, 2,7 um; Agilent Technologies, Waldbronn,
Germany) maintained at 40 °C, injection volume was 10
pL.

MS/MS analyses were performed on an Agilent 6460
triple quadrupole system equipped with an electrospray
ionization source (ESI) (Agilent Technologies, Palo Alto,
CA). ESI was operated in the positive ion mode,
conditions were as follows: temperature: 350 °C,
nebulizer pressure: 40 psi (N,), drying gas flow: 13 L/min
(Ny), capillary voltage: 4000 V, fragmentor voltage: 80 V.
High purity nitrogen was used as collision gas, collision
energy was changed between 10 and 25 eV according to
differences in molecule structures. Full mass scan spectra
were recorded over a range of 100-1000 m/z. The
Masshunter B.01.03 software was wused for data
acquisition and qualitative analysis.

Results and discussion

Quantitative studies: total flavonoid, polyphenol, tannin and
hydroxycinnamic acid content

The total flavonoid content expressed in hyperoside
found to be considerably lower in herb of L. vulgaris than
in herb of L.nummularia and L. punctata cultivars.
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The stem contained much smaller amount of flavonoids
than the leaves in the case of all three species, which is
important information on the quality of herbal drugs. The
higher rate of leaves in the drug is favourable (Table 1.).

More similar accumulations were observed in the total
polyphenol and tannin content of the samples. The total
polyphenol content was around 3-4%. The highest
accumulation was in L. punctata, and the lowest in L.
nummularia herb extract. Tannins’ accumulation was also
highest in L. punctata, while the lowest tannin content
was measured in L. vulgaris. The accumulation in
individual organs was examined as well. The stem
contained much less polyphenol and tannin than the
leaves in the case of all three species (Table 1.).

The hydroxycinnamic acid content expressed in
rosmarinic acid was found to be the highest in the L.
vulgaris, while the lowest in L. nummularia. The L.
punctata herb’s hydroxycinnamic acid content was
between. Among the individual organs, the stem
contained much less content than the leaves in the case of
all three species (Table 1.).

In vitro antioxidant activity assay

Results of the study on in vitro DPPH and ABTS
antioxidant activity of the samples are summarized in
Table 2., indicating also well-known antioxidant
compounds’ 50% inhibition value (ICsg). The L.
nummularia extract had the highest activity in both
systems, which exceeded the antioxidant effect of
kaempferol. L. vulgaris extract had lower scavenger
capacity than the reference materials and than the other
two species. The cultivar of Lysimachia punctata L. had
moderate activity both in DPPH and ABTS tests.

Table 2.: DPPH and ABTS radical-scavenging activities of the
Lysimachia extracts and the standards

DPPH IC; ABTS ICs
(10 mg/mL) (10 mg/mL)
L. vulgaris L. 35.3+0.3 11.2+0.3
L. nummularia L. 16.3£0.2 3.57+£0.2
L. punctata L. 22.8+0.3 6.84+0.2
Gallic acid 2.7+0.1 0.9540.1
Rutin 7.3£0.1 3.26+0.2
Quercetin 3.4+0.1 1.22+0.1
Kaempferol 19.1£0.2 8.56+0.3

We aimed to find answers for the connection between
the flavonoid composition and the bioactivity of the
samples, therefore the individual flavonoid compounds
were also investigated.

RP-HPLC-DAD-ESI-MS/MS analysis

A new method was improved for the separation of the
compounds of the investigated samples, where eluent A
was 0.1 %(v/v) TFA - water, eluent B was acetonitrile.
The following gradient elution program was applied at a
flow rate of 0.9 mL/min; 0 min: 0 % (v/v) B, 10 min:
50 % (v/v) B, 12 min: 100 % (v/v) B. Chromatograms

Eur. Chem. Bull. 2012, 1(1-2), 27-30
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were acquired at 280 and 340 nm, UV spectra were
recorded between 200 and 400 nm. Totalion and UV
chromatograms at wavelength of 280 nm and 340 nm
were recorded of the methanolic extracts of L.
nummularia and L. vulgaris. In the extract of L. vulgaris
four, in the extract of L. nummularia one flavonoid-type
structure was detected. Due to the fact that the MS/MS
method is not suitable for accurate identification of the
sugar molecules, neither to establish their connection,
compounds were tentatively identified based on the
structures of the flavonoid aglycones."
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Figure 1. Chromatograms of Lysimachaia vulgaris L. (total ion,
280 and 340 nm) 1 myricetin-hexosyl-desoxyhexoside, 2
quercetin-hexosyl-di(desoxyhexoside), 3 quercetin-hexosyl-
desoxyhexoside /rutin, 4 kaempferol-hexosyl- desoxyhexoside
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Figure 2. Chromatograms of Lysimachaia nummularia L. (total
ion, 280 and 340 nm) 5 myricetin-rhamnoside

The following compounds were identified in L. vulgaris:

Compound 1: Retention time: 3.72 min. The molecule
ion [M+H]" was detected at m/z 627. The mass spectrum
exhibited fragments at m/z 319, 217, and 153. The
pronounced products correspond to myricetin aglycone,
while the loss of 308 amu to desoxyhexose-hexose sugar
part. Thus compound 1 -characterized as myricetin-
hexosyl-desoxyhexoside.
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Compound 2: Retention time: 3.87 min. The molecule
ion at m/z 757 provided pronounced fragments at m/z 449,
303, 275, and 153. Product ion at m/z 303 determined the
type of aglycone to be quercetin, while the neutral loss of
308 amu corresponds to desoxyhexose-hexose, and the
neutral loss of 146 amu to desoxyhexose sugar parts.
Thus compound 2 was tentatively identified as quercetin-
hexosyl-di(desoxyhexoside).

Compound 3: Retention time: 4.12 min. Molecule ion
was detected [M+H]" at m/z 611. Product ion at m/z 303
determined the type of aglycone to be quercetin and the
loss of 308 amu pointed to a characteristic sugar part
(desoxyhexose-hexose). Therefore compund 3 was
characterized as  quercetin-hexosyl-desoxyhexoside
(rutin).

Compound 4: Retention time: 4.51 min. The compound
exhibited molecule ion at m/z 595 and fragments at m/z
287, 165 and 153. The product at m/z 287 indicates
kaempferol aglycone, and the neutral loss of 308 amu a
desoxyhexosyl-hexosyl group. Thus compound 4 was
tentatively identified as kempferol-hexosyl-
desoxyhexoside.

The following compound was identified in L.
nummularia:

Compound 5: Retention time 3.96 min. Molecule ion
[M+H]" detected at m/z 487 provided fragments at m/z
341, 319 and 153. The pronounced products correspond
to myricetin aglycone, while the neutral loss of 146 amu
to a desoxyhexose sugar part. Thus compound 5 was
characterized as myricetin-desoxyhexoside.

Table 3. Compounds identified in Lysimachia samples by RP-
HPLC-DAD-ESI-MS/MS

Lysimachia vulgaris L.

Compound Rt [M+H]" Fragment Assumed structure

No. (min.) (m/z) ions(m/z)

1 3.72 626 319,217, Myricetin-hexosyl-
153 desoxyhexoside

2 3.87 757 449,303, Quercetin-hexosyl-
275,153  di(desoxyhexoside)

3 4.12 611 465,303, Quercetin-hexosyl-
257,165, desoxyhexosyde
153 /Rutin

4 4.51 595 287,165, Kaempferol-
153 hexosyl-

desoxyhexoside

Lysimachia nummularia L.

5 3.96 487 341,319, Myricetin-

153 rhamnoside

Conclusion

As the phytochemical exploration of European species
of Lysimachia is incomplete, we aimed their comparative
investigation. This study summarizes the first results of
the examination of phenolic metabolites of native
Hungarian species: Lysimachia vulgaris L., Lysimachia
nummularia L. and Lysimachia punctata L. for the first
time.

Eur. Chem. Bull. 2012, 1(1-2), 27-30

Section C - Research Paper

In the DPPH and ABTS in vitro antioxidant test
systems the extract of L. nummularia had the highest
activity. The flavonoid content of L. nummularia found to
be significantly higher than that of L. vulgaris. We were
looking for answers to relationship between the flavonoid
composition and the bioactivity of the samples.
Significant differences were found in quantitative
accumulation of flavonoids in the different species and
their quality as well.

Based on literature data, we tentatively identified the
flavonoids of L. vulgaris and L. nummularia by RP-
HPLC-ESI-DAD-MS/MS method for the first time: the
dominance of myricetin glycoside in L. nummularia is in
good accordance with its most significant antioxidant

capacity.
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PHYTOCHEMICAL COMPARISON AND ANALYSIS OF
BERGENIA CRASSIFOLIA L. (FRITSCH.) AND BERGENIA
CORDIFOLIA STERNB.

Renata Arok,” Krisztina Végh, "* Agnes Alberti™ and Agnes Kéry"

Keywords: Bergenia crassifolia L. (Fritsch.); Bergenia cordifolia Sternb.; Arbutin; Pigmentary disorders; HPLC-UV

Bergenia crassifolia L. (Fritsch.) and Bergenia cordifolia Sternb. species of Saxifragaceae are decorative perennial plants. The most
characteristic compound with biological activity is arbutin with skin whitening properties. Arbutin from other sources is used in skin
pigmentary disorders. The aim of our work was the identification and qualitative analysis of arbutin using HPLC and UV-spectroscopic
methods and quantitative determination of arbutin as well as other pharmaceutically interesting compounds: flavonoids, hydroxycinnamic
acids, polyphenols and tannins in domestic cultivars, considering the synergism of phytochemical agents in therapeutic effect in skin
disorders. The arbutin content was found to be between 4.8 — 9.8 g/100g in the two Bergenia species and significant amount of total
polyphenol (4.13 — 9.27 g/100g), tannin (3.70 — 6.70 g/100g) and hydroxycinnamic acid (1.80 — 2.42 g/100g) was measured.
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Introduction

The species belonging to the genus Bergenia are
herbaceous, perennial plants mainly distributed in the
southeastern regions of Central Asia, northern regions of
South Asia and Eastern Asia from Siberia and the Altay
Mountains in Russia, South to Northern Mongolia.2

Bergenia species contain various biologically active
compounds in their roots, leaves, stems and flowers,
which can be mainly classified into three categories,
including simple phenols/polyphenols, flavonoids and
quinines.” The preparations of these plants are used as
astringent, anti-inflammatory, bactericidal, haemostatic,
immunmodulatory, antiulcer, antihepato-toxic, antifungal,
antiarrhytmic preparations. In folk medicine these
remedies are used for disinfecting, wound healing, tonic
and general strengthening purposes.'

The most important compound for the phytochemical
researches is arbutin. Arbutin inhibits melanin production
and decreases tyrosinase activity.’ Tyrosinase is a copper-
containing enzyme®, also known as polyphenol oxidase
(PPO), which catalyses two initial steps in the formation
of pigment melanin: hydroxylation of tyrosine and the
oxidation of 3,4-dihydroxyphenylalanine. 3
Overexpression of tyrosinase leads to excessive
accumulation of melanin, which causes cutaneous
hyperpigmentation including freckles and sentile
lentigines, melasma and malignant melanoma.’
Observations imply that the depigmenting effect of
arbutin may be highly effective in both cell culture and
human skin models, making arbutin a useful and safe
agent for skin whitening. Tyrosinase inhibitors can be
applied in the therapy of this skin disorders, especially in
malignant melanoma due to their cytotoxicity in

Eur. Chem. Bull. 2012, 1(1-2), 31-34

melanocytes.’ Bergenia species are cited in literature as
being one of the richest in arbutin (15-20%), an important
pharmaceutical substance with depigmentation
properties.! The content of arbutin in vegetative and
generative organs of the plant varies in wide limits, being
dependent on the method of raw material drying. The
plant age is also an important factor affecting arbutin
content.'

The aim of this study consisted in phytochemical
analysis of two Bergenia species: B. crassifolia and B.
cordifolia, acclimated in Hungary. The accumulation of
flavonoids, hydroxycinnamic acids, polyphenols and
tannins in the leaves and flowers were also studied,
considering the synergism of phytochemical agents in
therapeutic effect in skin disorders.

Experimental
Plant material

Leaves of Bergenia crassifolia L. (Fritsch.) and
Bergenia cordifolia Sternb. were obtained from the
Botanical Garden of Corvinus University and
Pesthidegktit. One sample of B. crassifolia leaves was
collected in Finland. Plant samples were harvested in the
early spring, dried at room temperature and were
authenticated in the Department of Pharmacognosy,
Semmelweis University, Budapest, where voucher
specimen are deposited.

Qualitative methods

Identification of arbutin by  high-performance liquid
chromatography

Bergenia samples (3.0 g) were extracted with 50 mL of
80% methanol in ultrasonic bath. After filtration, the
extract was evaporated under reduced pressure with a
rotary evaporator at 60 °C and was redissolved in super
gradient grade methanol (Sigma-Aldrich, Budapest,
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Hungary). Samples were purified on Supelco SPE
Cartridge LC18 (500 mg / 3 mL) and after evaporation,
were redissolved in super gradient grade methanol prior
to analysis. Some samples were extracted with 20 mL of
50% methanol in ultrasonic bath. After filtration 0.3 g
basic lead acetate was added and filtrated. The extract
was evaporated under reduced pressure with a rotary
evaporator at 60 °C and was redissolved in super gradient
grade methanol (Sigma-Aldrich, Budapest, Hungary).
Samples were purified on Supelco SPE Cartridge LC18
(500 mg / 3 mL) and were redissolved in super gradient
grade methanol prior to analysis. One mg/mL arbutin
solution was used as a standard. The HPLC analysis was
performed with a Jasco system equipped with an ERC-
3113 degasser, a Jasco LG-980-02 gradient unit, a PU-
980 HPLC pump, a sample injector, and a PU-975 UV—
visible detector. Compounds were separated on a 25 cm x
4.6 mm, 5 pm particle, Supelcosil LC-18 column (Sigma—
Aldrich). Experiments were performed at 20 °C, the
injection volume was 20 pL. Detection was carried out
the wavelength of 280 nm and 340 nm. UV-spectra were
recorded between 200 and 400 nm.

Quantitative methods
Quantitative determination of arbutin

Herbal drug of 0.40 g was extracted with hot water for
30 min by refluxing on boiling water bath. The extract
was filtered into a 250.00 mL volumetric flask and filled
up with water. Five mL of the extract was transferred into
a separatory funnel and mixed with 45 mL of water, 1 mL
of 2% 4-aminoantipyrine, 0.5 mL of diluted NH,OH and
1 mL of 8% Kj;(Fe/CN/g) solution. After 5 minutes the
reaction mixture was extracted with CHCl;. The organic
phases were mixed, filtered through Na,SO, sicc. into a
100.00 mL volumetric flask and filled up with CHCI; to
100.00 mL. The absorption was measured at 455 nm. The
blank solution was water. The arbutin content of the
crude drug was calculated as arbutin (g/100g).

Total flavonoid, total hydroxycinnamic derivative, total
phenoloid and tannin content

Total flavonoid, total hydroxycinnamic derivative,
total phenoloid and tannin content were determined
according to the valid spectroscopic methods of the
European Pharmacopoeia.

Results and discussion

The HPLC method of the European Pharmacopoeia
was improved. A gradient of acetic acid in water (1.0%,
v/v eluent A) and methanol (eluent B) was applied at a
flow rate of 1 mL/min; 0-30 min: A: 11%, B: 89% (linear
gradient); 30-31. min.: A: 60%, B: 40% (linear gradient);
31— 35. min: A: 100%, B: 0% (isocratic). Arbutin in the
samples was identified by standard addition, using
authenticated  standard.  The  standard  addition
measurement was made with 1:1 mixture of sample and
standard.

Eur. Chem. Bull. 2012, 1(1-2), 31-34
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According to the results the analysed Bergenia species
contain a high level of arbutin and many flavonol
glycosides, presumably quercetin glycosides.

The arbutin content of B. crassifolia and B.
cordifolia leaf extracts was identified by the Rf and UV-
spectra of authenticated standard using HPLC method. To
improve the quality of chromatograms a purification step
was also added to eliminate polyphenols from the sample
solutions. Arbutin was detectable with retention time of
3.40 minute. The UV-spectra was measured between 200-
600 nm, two maximums of the UV-spectra were observed
at 235 nm and 291 nm. The presence of arbutin in the
samples was confirmed by using standard addition
method. The added arbutin was determined by the
characteristic Rf. The HPLC-UV chromatograms of
arbutin standard and the samples of B. crassifolia and B.
cordifolia are shown in Figure 1-3.

100000
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Figure 1. HPLC-UV chromatograms of arbutin standard at 280
nm and UV spectra between 200-600 nm

Figure 2. HPLC-UV chromatograms of Bergenia crassifolia
sample with standard addition

120000

Figure 3. HPLC-UV chromatograms of Bergenia cordifolia
sample with standard addition
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Table 1. Phytochemical characteristics of Bergenia samples

Section C — Research Paper

Plant sample (Bergenia) Total flavonoid* Total polyphenol* Tannin* Hydroxycinnamic acid*  Arbutin*
(g/100g, in (g/100g, in (g/100g, in (g/100g, in rosmarinic (g/100g, in
hyperoside) pyrogallol) pyrogallol) acid) arbutin)

B. crassifolia (Finland)  leaf 0.76+0.05 9.27+0.72 5.01+0.34 2.03+0.11 9.83+0.68

B. crassifolia leaf 0.81£0.04 6.46+0.34 3.70+0.24 2.35+0.23 4.79+0.72

(Corvinus University)  flower 0.88+0.05 4.35+0.57 3.92+0.19 2.42+0.20 2.08+0.13

B. cordifolia leaf 0.65+0.03 8.20+0.41 3.94+0.15 1.95+0.16 9.48+0.74

(Pesthidegkut) flower 0.67+0.03 6.31+0.24 4.23+0.31 1.98+0.09 2.51+0.10

B. cordifolia (Corvinus  leaf 0.92+0.06 4.29+0.19 6.50+0.39 1.80+0.12 7.94+0.52

University) stem 0.95+0.04 4.13£0.25 6.35+0.52 1.95+0.14 7.94+0.61

flower 0.87+0.07 4.33+0.41 6.70+0.27 1.984+0.30 2.99+0.18

(* average of 3 determinations)

Total arbutin, flavonoid, polyphenol, tannin and
hydroxycinnamic acid content of Bergenia samples are
summarized in Table 1.

The arbutin content was between 4.8 — 9.8 g/100g. This
is lower than the value (17.44 g/100g) was found by Pop
et al.' and similar than the content (6.96 g/100g) was
found by Pozharitskaya et al.” Among the investigated
parts of the plants the highest amount of arbutin was
detected in the leaves. The leaf of species from Finland
contained the largest quantities of arbutin. The samples
made of B. crassifolia and B. cordifolia from Corvinus
University could be well compared: B. cordifolia shows a
higher amount of arbutin (7.94 g/100g) than B. crassifolia
(4.79 g/100g). Arbutin content in the investigated flowers
were 2.08 —2.99 g/100g (Figure 4.).

T 2 3 4 5 B & B

Figure 4.: Total amount of arbutin in Bergenia samples (1. B.
crassifolia (Finland) leaf, 2. B. crassifolia (Corvinus University)
leaf, 3. B. crassifolia (Corvinus University) flower, 4. B.
cordifolia (Pesthidegkut) leaf, 5. B. cordifolia (Pesthidegkut)
flower, 6. B. cordifolia (Corvinus University) leaf, 7. B.
cordifolia (Corvinus University) stem, 8. B. cordifolia
(Corvinus University) flower) (*average of 3 determinations)

Arbutin* g/100g
= o (-]

~

The flavonoid, hydroxycinnamic acid, polyphenol and
tannin contents are foremost established. The total
flavonoid content determined in hyperoside was
detectable between 0.65 — 0.95 g/100g. The species from
Corvinus University contained the highest amount of
flavonoids. The polyphenol and tannin contents were
determined in pyrogallol. The content of total polyphenol
was 4.13 — 9.27 g/100g, the highest value was 9.27
g/100g in the sample from Finland.

Eur. Chem. Bull. 2012, 1(1-2), 31-34

The identified amount of tannin was 3.70 — 6.70
g/100g. In this respect, there was no significant difference
between the two species of Bergenia. The
hydroxycinnamic acid values, determined in rosmarinic
acid, were similar, the average content was 2.06 g/100g
(Figure 5-6.).
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Figure 5. Total amount of flavonoid and total hydroxycinnamic
acid content in Bergenia samples (1. B. crassifolia (Finland)
leaf, 2. B. crassifolia (Corvinus University) leaf, 3. B.
crassifolia (Corvinus University) flower, 4. B. cordifolia
(Pesthidegkut) leaf, 5. B. cordifolia (Pesthidegkut) flower, 6. B.
cordifolia (Corvinus University) leaf, 7. B. cordifolia (Corvinus
University) stem, 8. B. cordifolia (Corvinus University) flower)
~average of 3 determinations)
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Figure 6. Total amount of polyphenols and tannin in Bergenia
samples (1. B. crassifolia (Finland) leaf, 2. B. crassifolia
(Corvinus University) leaf, 3. B. crassifolia (Corvinus
University) flower, 4. B. cordifolia (Pesthidegkut) leaf, 5. B.
cordifolia (Pesthidegkut) flower, 6. B. cordifolia (Corvinus
University) leaf, 7. B. cordifolia (Corvinus University) stem, 8.
B. cordifolia (Corvinus University) flower) (-average of 3
determinations)
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Conclusion

This paper presents a qualitative HPLC method to
identify arbutin in two different species of Bergenia
genus, Bergenia crassifolia L. and Bergenia cordifolia
Sternb. growing in Hungary. In addition content of
arbutin and other phenolic compounds (flavonoids,
hydroxycinnamic acids, polyphenols and tannins) in the
two species was determined and compared for the first
time. Due to inhibition of tyrosinase enzyme, which
catalyses the rate-limiting step of the melanogenic
pathway by arbutin, Bergenia species might be suitable
for cosmetical and dermatological applications.

Quantitation of other phenolics (flavonoids,
hydroxycinnamic acids, polyphenols and tannins) is
necessary to complete phytochemical characterization of

Section C — Research Paper
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CHARACTERIZATION OF SYNTHETIC VOLTAITE
ANALOGUES

Istvan E. Sajo"!

Keywords: Inorganic frameworks, experimental mineralogy, mixed valence solids

Recently new NH,- and Mg-containing minerals of the voltaite group have been discovered. As they were found in minute amounts and are
intimately intergrown with their associated minerals, a number of their properties could not be measured and characterized properly. The
four pure end members of the solid solution series were synthesized and characterized, that made possible the reliable identification of

natural solid solutions within the boundaries of this phase composition range.
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Introduction

Voltaite, K2F62+5Fe3+3A1[SO4]12-18H20, an inorganic
framework structure featuring a large cubic unit cell (space
group Fd3c) occurs as a mineral'. Due to the large unit cell
size (ag ~ 27.25 A) the structure is not hi%hly sensitive to
cationic sizes. Substitution at the K" and Fe”" sites results in
a variety of structural analogues with similar cell constants”

The newly discovered ammoniomagnesiovoltaite
(NH,,K),(Mg,Fe*")sFe* 3Al[SO4]1-18H,0° is a rare
mineral intimately intergrown with its associated minerals
(eg tschermigite, sabieite, kieserite, etc.). Therefore
preparation of phase pure natural specimens was not feasible
for the necessary investigations. Having a cubic structure, its
unit cell is characterized with a single a, cell parameter,
resulting in powder diffraction data insufficient for the
extraction of two compositional coordinates. Additionally
the synthetic analogues were characterized with their IR
spectra, density and index of refraction.

Materials and methods

Synthesis: Voltaite analogues were prepared according to
Mereiter.* Strongly acidic solution of the appropriate salts
was prepared with the molar ratio K,SO, : FeSOy :
Fez(SO4)3 : Alz(SO4)3 : stO4 : H20 =0.08:044 :0.15:
0.12 : 1.66 : 40 and evaporated at 80°C for about 2-3 days to
the half of its original volume. The well developed crystals
were filtered from the mother liquor and immediately rinsed
with 10% H,SO, then thoroughly dried. The isomorphous
analogues were prepared with the same procedure, replacing
K,SO, for (NH4),SO,4 and/or FeSO, for MgSOy,, as required.
The resulting products were phase pure voltaite analogues,
stable at room temperature and atmospheric conditions.

Eur. Chem. Bull. 2012, 1(1-2), 35-36

X-ray powder diffraction measurements were done on a
Model PW 3710 / PW 1050 Bragg-Brentano diffractometer,
using Cu Ka radiation (A=1.541862A), secondary beam
graphite monochromator and proportional counter. Synthetic
fluorophlogopite mica (NIST SRM 675) and silicon powder
(NIST SRM 640) were used as internal two theta standards.
Lattice parameters were determined with Le Bail whole
pattern decomposition method® using the Fullprof Rietveld®
software suite. Infrared spectra were taken on a Thermo
Nicolet Avatar 320 FT-IR spectrometer in the 4000—400
cm ' range using KBr discs. Density values were determined
with the sink-float method with a pycnometer and acetone-
bromoform mixture. Indices of refraction were determined
at 546 nm light wavelength. Theoretical indices of refraction
were estimated from the chemical composition and density
values for each member using the Gladstone-Dale
relationship with the new series of Gladstone-Dale constants
(GDCs) as determined by Mandarino and Eggleton.” The
experimental and estimated indices of refraction were then
compared to see if inconsistencies exist.

Discussion

Mg substitution at the Fe'" site results in a decrease of the
cell parameter of 0.11A, while NH, subtitution of the K
increases the cell size about the same amount. As the
structure allows the formation of continuous solid solution
between the four end members, owing to the opposite effect
of the two substituents, a given cell size may represent a
range on the two-dimensional composition map. Full
substitution at both sites results in a unit cell size close to
the un-substituted voltaite, as a consequence of the nearly
identical but opposite effect the two substituents (cf. tab. 1).
The cell constant determined by Gossner and Fell* for K-
Mg-voltaite is fairly different from our values (27.42 A vs.
27.26 A). However it is not surprising considering the
precision of the XRD technique of those times. Mereiter®
and Schwarte and Fischer® determined the cell constants
from single crystal measurements, that were aimed at
structure determination and not for precise lattice parameter
measurement. The deviations of their values from ours are
well within the error boundaries of the single crystal method.
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Table 1: Unit cell parameters and physical properties of the synthetic voltaite analogues.

formula ay D, D, n* n Ref.
[A] g/lem’ | glem® | GDC exp.
Voltaite K,Fe? sFe* 3 Al[SO4] 1, 18H,0 2725 | 2664 | - 1.5955 - 4
Voltaite K,Fe?*sFe’ 3 A1[SO,] ' 18H,0 27.232 | 2.669 | 2.667 | 1.5955 1.596 | this study
Mg-Voltaite K,MgsFe® 3 A1[SO4]1,:18H,0 27.121 | 2492 | 2495 | 1.569 1.571 | this study
Mg-Voltaite K,MgsFe® 3 A1[SO4]1,:18H,0 27225 | 2.464 | - 1.569 - 8
Ammoniovoltaite [NH4]2F62+5F63+3A1[SO4]12'18H20 27.343 | 2.582 2.585 1.5975 1.598 this study
Mg-ammoniovoltaite [NH4]2Mg5Fe3+3A1[SO4]12~ 18H,0 27.260 | 2.400 2.395 1.571 1.572 this study
Mg-ammoniovoltaite | [NHs,MgsFe’3AI[SO,]1 18H,0 | 27.42 | 2357 | 2.375 1.571 - 2

Calculated densities (D) are given for the nominal formula and measured unit cell size. *Estimated indices of refraction (n, GDC) are
based on Gladstone-Dale relationship, nominal chemical composition and measured density.

Their FTIR spectra do not show striking differences.
Some of the absorption bands exhibit a minor shift
corresponding to the difference of the atomic masses of
the substituents. The only major difference is the presence
of a well defined absorption band at 1428 cm™ in the NH,
containing analogues, which is completely missing inthe
K containing ones. It is suggested, that in the lack of other
reliable analytical technique, the relative intensity of the
1428 cm™ absorption band can be used for the estimation
of NH, — K substitution ratio.

Fig 1: Whole pattern decomposition of the NH4-voltaite powder
XRD scan.
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The measured and calculated densities exhibit a good
correlation, referring to that real structures may well
correspond to the theoretical formulas. Furthermore, the
range of density values is relatively broad ( 2.40 ~ 2.67
g/cm®) allowing a more sensitive differentiation. The
excellent compatibility of the experimental and estimated
indices of refraction corroborates the theoretical
compositions and gives a further way to navigate in the
coordinates of the solid solution map.
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DEUTERIUM ISOTOPE SEPARATION IN THE CHEMICAL REACTION
OF ALUMINIUM AMALGAM AND WATER

Lasz16 Kotai®", Jozsef Lippart® and Istvan Gacs™

Keywords: aluminium amalgam; deuterium-depleted hydrogen; deuterium isotope separation

Deuterium isotope separation process takes place in the reaction of the amalgamated aluminium metal surface and water. The reaction
produces hydrogen gas with ~40 ppm deuterium content and the formed aluminium hydroxide gel is enriched in deuterium. The
theoretical separation factor is s=3.9. Besides the kinetic isotope effect, the key factor in the separation process is the H,O+HD=HDO
+H, exchange reaction. Since only a low amount of amalgam forms on the aluminium surface, the overvoltage difference of the
deuterium and the hydrogen on the mercury does not play key role in the process. The main role of the amalgam formation is embodied in
the decomposition of the stable oxide layer on the aluminium surface, thus ensuring free metallic surfaces for the reaction with the water.
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Introduction

Deuterium-depleted water (DDW) has been a very
promiseful antitumor agent used in human therapy . The
increasing demand has jnduced intensive research for new
manufacturing methods™. Although the reaction of sodium
amalgam with water resulted deutegium—depleted hydrogen
with ~50 ppm deuterium content™ which can easily be
transformed into DDW, the availability of the sodium
amalgam is limited (the only source is the mercury cathodic
rock salt electrolysis process). Thus, other sources for

deuterium-poor hydrogen and DDW respectively, is needed .

Dissolution of metallic aluminium in aqueous NaOH and
sulphuric acid” has resulted deuterium-depleted hydrogen
evolution. Since the reactivity of aluminium toward water
can be initiated by amalgamation of its surface with
mercury(Il) chloride solutions’, the reactions of aluminium
or aluminium amalgam with water are potential candidates
for deuterium poor hydrogen production.

Experimental parts

A metallic aluminium rod (99,99 % aluminium content,
ALCOA KOFEM, Hungary) was immersed into 20 % agq.
NaOH and after washing with water was immediately
immersed into an 5 wt. % aq. mercury(II)chloride solution
when intensive hydrogen gas evolution and aluminium
hydroxide precipitate formation could be observed. The
deuterium content of the hydrogen was determined by IR
spectroscopy of the water condensed in a liq. trap and
obtained by the reaction of the hydrogen gas with CuO at
600°C.

Eur. Chem. Bull. 2012, 1(1-2), 37-38

Results and Discussions

The enrichment of the deuterium in natural waters by
electrolysis has been known for a long time . The isotope
separation factor (s) can be defined as:

5= (H/D)gas (1)
(H/D)liquid

The numerical value of the separation factor is depends on
some key factors such as the nature of the electrode
materials. The factor is generally higher if the electrode
metal has hydrogenating activity’ or the metals are alloyed
with other metals®. The amalgams are a special kind of
alloys, and the separation factor in the reaction of sodium
amalgam with water is considerably higher ® than the
separation factor obtained by pure metallic sodium and
water'®. The hydrogen and deuterium overvoltage and their
differences on metallic mercury are also key factors in the
isotope separation processes in the presence of metal
amalgams’. Although, in the case of amalgams this
difference may also be attributed to the presence and effect
of metals dissolved in the mercury or the presence of
intermetallic compounds as NaHg, alloys''.

Preparation of hydrogen by the electrolysis of water is a
simple reduction of the hydrated proton (deuterium cation)'.
Consequently, reduction of H and D" cations with electrons
originating from chemical reducing agents like metals, the
same isotope separation effects can be expected. Since the
dissolution rates of metals in deuterated acids are slower
than in normal acids'®, isotope separation can be expected
in these reactions. E.g. in case of alkali metals, zink, calcium
or aluminium’ the deuterium content of the evolved
hydrogen gas has decreased. Other factors affecting isotope
separation in the electrolytic hydrogen generation can also
be occurred.

Isotope exchange reaction between the formed deuterium
containing hydrogen gas and the water has also occurred:
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H,0 + HD =HDO +H, 2)

Using natural water in these processes, no D,O or D, are
present due to the low absolute value of deuterium content
in the system, so only the HD content has to be taken into
consideration. The reaction (3) is an equilibrium reaction,
and the equilibrium constant is about 3 at 20 °C'*,

[HDO][H,]
" [m,0][HD] ©)

Aluminium is an amphoteric element and its reaction with
0.1 N sulphuric acid "* or sodium hydroxide* showed
deuterium isotope separation with 2.0 and 4.3 separation
factor, respectively. Aluminium does not react directly with
water due to the surface oxide layer which prevent the
contact with water. Decomposing this layer with mercury(II)
chloride which simultaneously amalgamates the aluminium
surface, an amalgam covered reactive aluminium layer is
formed which easily decomposes the water without adding
acids or bases':

Al(Hg) + 3H,0 =Al(OH); + 1.5H, + Hg @)

For water samples containing deuterium at natural
abundance level the experimentally found separation factor
was proved to be ~3.9 which is slightly higher than the
values obtained for sodium amalgames (Table 1).

Table 1.

Isotope separation factors in the reactions of metals and their
amalgams with hydrated H'(D") ions

Metal Reactant s value Ref.

Na H,SO4 1.2 15

Na H,0 1.7-2.8 4

Na(Hg) H,O 3335 49

Al H,SO, 2.0 15
Al(Hg) H,0 3.9 Our work
Al NaOH 43 4

Either the pH or the presence of mercury plays important
role in the deuterium isotope separation factors. Topley and
Eyring have concluded'’ that the separation factors during
elctrolysis are generally lower in acidic than in alkaline
solutions independently from the nature of the electrode
metal. The same tendency could be obserbed in case of
alkali metals, calcium and aluminium by Hughes et al.* If
the water reacts with sodium, the formed NaOH is a strong
base which initiates the deuterium isotope exchange
reactions between the water and the HD gas’. The main
reason for this behaviour is the difference between the
activation energies of NaOD and NaOH formation due to
the lower zero point energy of the NaOD which leads to the
preferred NaOD formation'.

In case of aluminium hydroxide precipitate' there is no
considerable concentration of free OH™ or OD’ ions. It is
correlated with the facts that in sulphuric acid solutions the
separation factor is much smaller (2.0) than in neutral water
(s=3.90). In the presence of NaOH, however, only a slight

Eur. Chem. Bull. 2012, 1(1-2), 37-38
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increase could be observed since the sodium hydroxide
dissolves the aluminium hydroxide precipitate and the free
hydroxide ion concentration is controlled by the dissociation
equilibria of the formed hydroxyaluminate complexes. Not
only the hydroxide ions but other monovalent anions can
initiate the isotope sepration processes, because using
sodium choride to prevent the passivation of aluminium in
sulphuric acid solutions, the presence of sodium chloride
incgeases the deuterium isotope separation factor from 2.0 to
4.0%
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Budapest, Hungary, 17-18 May, 2012.

The 2nd International Congress on Deuterium Depletion was held on 17-18 May 2012 in Budapest, Hungary
(www.deuteriumdepletion.com), as a follow-up to the 1st International Symposium on Deuterium Depletion held in Budapest in the spring
of 2010. The goal of the organizers was to provide a global and comprehensive update of the newest results and developments in the
research of deuterium depletion, and to give the researchers and medical practitioners a new opportunity to get acquainted with this
expanding field of science, share their results and experience. Researchers and practitioners from several countries (Hungary, USA, France,
Romania, Russia and China) presented 16 lectures on the various biological effects of deuterium depletion in the field of cancer research,

diabetes research and anti-aging science.

Deuterium content of natural materials
focusing on water: an overview

Istvan Forizs

Institute for Geological and Geochemical Research,

Research Centre for Astronomy and Earth Sciences,

1112 Budapest, Budaérsi ut 45., HUNGARY E-mail:
forizs@geokemia.hu

This paper provides an overview on the deuterium content
of materials found in nature, focusing on water as the most
important deuterium source for living organisms. Deuterium
contents of the water pools on Earth vary from about 90
ppm up to 160 ppm. Deuterium depleted water can primarily
be found on the Earth's poles (e.g. Greenland, Antarctica,
North Pole ice sheet) in the form of ice, while the water
richest in deuterium are of lakes and the oceans.

The deuterium content of the precipitation shows a global
pattern: D-content decreases from the Equator to the Earth’s
Poles and from sea level towards high elevations. The main
driver in D-content variations in precipitation is air
temperature. As a consequence D-content in precipitations
bears prominent seasonal variations; e.g. in Hungary D-
content in precipitation varies from cca. 127 ppm in cold
winters up to cca. 153 ppm in hot summers.

The D-content of subsurface waters mostly reflect the
global pattern of D-content of precipitation with the
exceptions of some large scale regional water flow systems,
and of ground waters older than 10000 years, which
infiltrated during the Ice Age. Lakes that collect water from
regions of higher altitude and cooler precipitation contain
water, again, with lower deuterium ratios.

Other natural materials: Plants (marine and terrestrial) contain
several per cent less deuterium than the water on which these
plants grew. The widely used fuels as coal and crude oil are
further depleted in deuterium with respect to plants.

Keywords: deuterium, D-content variations, natural

materials
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Natural mechanisms by which
deuterium depletion occurs in specific
positions in metabolites

Richard J Robins,™" Gérald S Remaud, and
Isabelle Billault *"!
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Nantes, FRANCE, E-mail: richard.robins@univ-nantes:fr,

® Laboratory of Reaction Chemistry and Natural Substances,
ICMMO, CNRS UMRS8182, Université de Paris-Sud 11,
91405 Orsay, FRANCE

Deuterium is depleted in specific positions in metabolites
due to natural processes. This talk will present examples of
how this phenomenon can be used to investigate metabolic
activities. The information about site-specific deuterium
depletion is obtained by using quantitative isotopic *H NMR
spectrometry. In this technique, the *H NMR spectrum of
the molecule of interest is acquired under carefully
established quantitative conditions. By reference to a
calibrated internal standard, the areas under the peaks in the
spectrum can be used to obtain the *H/'H ratio at each
resolved hydrogen position.

In the first example of the exploitation of this technique,
the analysis of the redistribution of hydrogen during the
metabolism of glucose by lactic acid bacteria will be
developed. It will be shown how, by appropriate slight
labelling of specific positions in the glucose to be
fermented, the quantitative affiliation between all non-
exchangeable positions in the substrate and all positions in
the product can be obtained. A linking-factor can be
calculated that will indicate whether positions will become
enriched or depleted during metabolism. It will be shown
how the fermentation of glucose to lactic acid via glycolysis
or to lactic acid plus ethanol via the reductive pentose
phosphate pathway leads to different isotope patterns in the
products.

DOI: 10.17628/ecb.2012.1.39-47 39



2nd International Congress on Deuterium Depletion

The second example will present our work on
understanding  fatty acid metabolism. During the
biosynthesis of fatty acids, H atoms can be introduced from
acetate, water and NAD(P)H. Thus, the origin of the H,
isotope effects during the reduction reactions, and non-
enzymatic exchange causes variations in the *H/'H ratios at
the different positions, leading to an alternating
enriched/impoverished pattern. This is further altered by the
action of desaturases and other enzymes that modify the
chain. We have shown that depletion in the residual “H at
the sites of desaturation is due to the non-equivalence of the
’H/'H ratio in the CH, groups that are subjected to
desaturase activity.

How such analyses give insight into intramolecular H
distributions and their underlying causes will be discussed.

Keywords: deuterium, isotopic “H NMR spectrometry, *H/'H
ratio, redistribution of hydrogen

Deuterium depletion | From tissue
culture to human clinical studies
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The growth-altering role of naturally occurring deuterium
(D) in living organisms has been examined using deuterium-
depleted water (DDW) (25-105 ppm D) and compared with
that of natural deuterium containing water in control
cultures (150 ppm). DDW significantly decreased the
growth rate of Lgyy fibroblasts, HT-29 colon, A4, MDA and
MCF-7 breast, PC-3 prostate, as well as M19 melanoma
cells. This growth-inhibiting effect was more pronounced
when the D-concentration of growth medium was gradually
decreased in 3 to 5 steps. In order to reveal the molecular
background of the inhibitory effect of deuterium depletion

Eur. Chem. Bull. 2012, 1(1), 39-47
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the expression of different genes was investigated. It was
found that deuterium depletion inhibited COX-2 expression
and there were positive correlations among the degree of
growth retardation, COX-2 gene expression and D-
concentrations. DDW also influenced the expression of
genes encoding different kinases using nanocapillary
quantitative real-time PCR analysis. Phosphatidylinositol 3-
kinase and hexokinase-2 expressions were stimulated by
DDW, whereas glutathione peroxidase 2 and peroxiredoxin
1, which play key roles in regulating electron transport, were
suppressed.

Mammary tumors in 81 dogs and 14 cats showed a
response rate above 70%; yet, in more than 50% of the
animals a complete recovery was achieved in response to
DDW treatment. Similar efficacies were observed in 43
dogs and 3 cats bearing rectal tumors. Local treatment with
an injectable DDW preparation regressed tumors, which
otherwise were resistant to oral DDW administration.
Microscopic evaluation of the tumors verified that DDW
injection caused a disappearance of tumor cell infiltration,
demarcation and a consequent rejection of invasive tumors,
while DDW injections were harmless for healthy tissues in
the surroundings of tumor sites.

A four-month double blind, phase II, placebo controlled
human clinical trial was conducted in 44 prostate cancer
patients. Prostate size during the 4-month DDW
administration period showed a net decrease of 160.3 cm’
but only that of 54 cm® in the control group. Two patients
(9.1%) died in the treated and 9 patients (40.9%) in the
placebo group, which is consistent with a decrease in
mortality in the treated group (Fisher’s Exact Test, p=0.034).

Beside the phase II clinical trial in prostate cancer, a
human data base was created from 1992 involving all
patients who had been subjected to DDW administration.
This data base includes 1,450 patients who consumed DDW
for longer than 90 days (654 male and 796 female patients),
between October 1992 and March 2012. The cumulative
time from diagnosis to the end of the follow-up period was
5,601 years; the cumulative time of DDW administration
was 1,964 years. The median age of the investigated
population was 55 years. The distribution of the main tumor
types among the examined patients was almost identical to
the data of the National Cancer Registry (Hungary). Median
survival time (MST) was 9.5 years in the entire cohort of
1,450 patients, of which 1,320 patients started consuming
DDW with detectable tumor(s), with 130 patients already in
remission. Four hundred ten (410) patients died (one in
every 12.1 years) out of 1,320 patients within 4,980 years
covering the cumulative time from diagnosis to the end of
the follow-up period. The MST of the 1,320 patients was 8.3
years. The cumulative follow-up period of 130 patients
starting DDW consumption in remission was 615 years.
Cohort statistical evaluations show that 8 patients (i.e.: one
in every 76.8 years) died, which strongly suggests that
integrating D-depletion into conventional therapies may
prevent relapses of cancer with a complete recovery in some
patients.

It is suggested that cells are readily able to regulate their
D/H ratios, while its changes trigger distinct molecular
processes. One possibility to modify intracellular D/H ratios
is the activation of the H'-transport system, which
preferentially eliminates H', resulting in increased D/H
ratios within cells.
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Altered D/H ratios strongly regulate the expression of
distinct genes and the activity of enzymes having key roles
in cell cycle regulation and also regulate various molecular
mechanisms. We contemplate that naturally occurring D is a
key element of a still obscure sub-molecular growth-
regulatory system (SMRS).

Keywords: deuterium, deuterium depletion, deuterium-
depleted water, cell cycle regulation, gene expression, Phase Il
clinical trial

Biological effects of deuterium content
variation in water

V. L. Lobyshev and A. A. Kirkina

Physics Department, M.V. Lomonosov Moscow State
University, 119992 Moscow, RUSSIA, E-mail:
lobyshev@yandex.ru

The aim of the work is to study the nature of biological
effects of deuterium depleted and slightly deuterium
enriched water on living cell. It was shown in our previous
works that increasing of deuterium to 500 ppm resulted in
twice hydrolytic activity of the membrane specimens of
Na,K-ATPase and Ca-ATPase, increasing of hydroid
regeneration velocity [1-3]. On contrary this activation
effect was not obtained on Na,K-ATPase at temperature
lower than temperature of lipid phase transition and on
Na,K-ATPase from muscles. The results obtained proved
that this anomalous effect of deuterium is not consistent
with biochemical reactions themselves (primary Kkinetic
isotope effect), but occurred due to the cooperative ternary
complex of water-protein-lipid.

Natural fractionation of deuterium occurs during phase
transitions vapor-liquid-ice. The experiments carried out on
the SP-22 North Pole drifting station show that both
depleting and increasing deuterium content around the
isotopic content of the ancient ocean leads to the increasing
of single-cell algae grown inside the ice mass [4-5]. In [6]
one can see both activation of small and inhibition of large
concentration of deuterium on the growth of bacteria.

The experiments with Na,K-ATPase from nasal salt
glands of a duck were followed recently with the depleted
light water of various deuterium concentration. Hydrolytic
activity of the samples containing 4, 24 and 150 ppm is
obtained to have 18149, 158+12 and 179+10 arbitrary units,
respectively. The result shows that depleted water
containing 4 ppm of deuterium does not differ from the
ordinary water, but 24 ppm depleted water leads to the
inhibition of Na,K-ATPase activity.

The experiments with fertilized roe of loach Misgurnus
fossilis show that the number of live embryos after six days
of incubation is twice higher in depleted water with 2, 9
ppm of deuterium in comparison to ordinary water. The
dying dynamics of non-fertilized roe does not depend on
isotopic content of deuterium.

Our preliminary experimental result on motility of human
sperm cells indicates that in light water (4 ppm) motility is
40% higher during five hours of the registration. However
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the effect depends on the initial properties of a sperm
sample.The results obtained clearly shows that deuterium
content variation in water including deep deuterium
depletion produce various nonlinear isotopic effect on key
processes in a cell as enzyme action of Na,K-ATPase,
regeneration, motility, fertilizing effectiveness and embryo
developing. It should be noted that in any case concentration
dependence is needed to find an optimal condition for the
best result. Sometimes small variation of deuterium in frame
of natural fractionation on the Earth may be the most
effective. Due to the fact that heavy isotope of hydrogen
tends to be accumulated in an organism, deuterium depleted
water seems to be preferable in practical use.

We are thankful to the “Light water” Russian company
which gives us an opportunity to study isotopic effects in
wide concentration range of deuterium and for light water
samples which are used in the experiments.

Keywords: deuterium, deuterium-depleted water, natural
fractionation, DDW, Na,K-ATPase, Ca-ATPase, nonlinear
isotopic effect

Physiological effects of drinking water
enriched with 1H216O

T. N. Burdeynaya™, A. S. Chernopyatko'™, and
N. A. Fudin™

[JZAO “Light water”, Moscow, RUSSIA, E-
mail:burdeynaya@lightwater.com

(*Jp K. Anokhin Institute of Normal Physiology of
Russian Academy of Medical Science, Moscow, RUSSIA

The quality and purity of drinking water are determinative
factors for life quality and human health. In natural water
the residual concentration of isotopomer molecules,
containing the heavy isotopes 2H, 170, 180, can amount to
297 g/l. Light and heavy water isotopomers differ
appreciably in their physical properties such as boiling
point, freezing point, and density.

Molecules containing heavy isotopes in the mammalian
organism can lead to changes in normal biochemical
processes and to a decrease of functional resources of the
organism.

In our studies, water enriched with 1H2160 was used,
which is the main ingredient of the commercial product
AquaSLAP™. Such water was produced by the company
ZAO “Light water”. The level of the light isotopomer was
99.757 % (D/H= 90 ppm), which corresponds closely with
water of the Antarctic, the one with the least concentration
of heavy water isotopomers in Nature.

The goal of the work was to reveal biological effects of
water enriched with Hp O on quantitative blood chemistry
values and physical challenges in 20 volunteers (healthy
persons aged 18-34 years). At the P. K. Anokhin Institute of
Normal Physiology, subjects were tested for their
psychological and vegetative statuses, lung function and gas
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exchange, general health and physical performance, while
blood tests were conducted to assess clinical and
biochemical parameters, immunological and hormonal
statuses, as well as antioxidant activities).

Results of the 28 days intake period of light water
revealed in every subject an improvement in health and
reduced anxiety with improved psychological response.

The positive influence of drinking light water on blood
chemistries included a significant reduction of glucose,
cholesterol, erythrocyte sedimentation rates, leukocyte
counts and cortisol (stress hormone) levels, while also
revealed an increase in antioxidant capacities.

Volunteers who consumed 1 liter of light water per day
improved their hemodynamic parameters (i.e.: increased
stroke volume and cardiac output, decreased total peripheral
vascular resistance), which had a positive impact on overall
physical performance and aerobic metabolism during an
exercise.

These findings evidence the significance of light water to
increase energy resources even in a healthy cohort, while
decreasing risks of psycho-emotional stress, which is known
to pose a negative influence on blood biochemistries that
often lead to psychosomatic diseases and shorten life.

Keywords: deuterium, heavy isotopes, isotopomer molecules

Comparative study concerning
deuterium depletion in two laboratory
animal species
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(I National Institute for Research and Development of
Isotopic and Molecular Technologies, 65-103™ Donath
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ROMANIA

Deuterium depletion is a cutting-edge tool used especially
in cancer research and oncotherapy, diabetes and anti-aging
studies. The aim of this paper was to investigate
comparatively how a deuterium-depleting agent (deuterium
depleted water) lowers the isotopic concentration of
deuterium, acquired via bioaccumulation processes, in
Wistar rats and Swiss mice. Control animals were
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maintained on standard food and drinking water, while
experimental rats and mice were maintained on standard
food and deuterium depleted water (produced at ICIT,
according patent WO/2006/028400 “Process and installation
for obtaining the deuterium depleted water”). The water
extracted from biological samples of the sacrificed animals
was analyzed by mass-spectrometry. Results showed that
deuterium depleted water efficiently decreased deuterium
isotopic content at systemic level in both species. It can be
stated that the grade of deuterium depletion was directly
dependent on two extrinsic factors: deuterium concentration
of the depleting agent, and duration of administration.
Moreover, deuterium depletion seems to depend on
genotype, at both species and individual level, and on
behavioral influences by each specimen.

Keywords: deuterium, deuterium depletion, deuterium-
depleted water, mass spectrometry

Tracer substrate-based metabolic
profiling, phenotypic phase plane and
regression matrix analyses of pancreatic
cancer cells under deuterium depleted
growth environment

Laszlo G. Boros™ and Gabor Somlyai[b]

[a]University of California, SIDMAP LLC., Los Angeles,
USA, E-mail: LBoros@sidmap.com

P'HYD LLC. for Cancer Research & Drug Development,
Budapest, HUNGARY

The current state of metabolomics art involves the
increasing use of stable "*C isotope tracers in medicine.
Main advantages of "*C tracer-based metabolomics include
functional, real time and phenotype related surrogate
markers of cell function, drug response, and to determine
drug efficacy for flux control in the metabohc network
This presentation covers important milestones in "*C tracer
substrate based metabolomics, its business projections for
medical research, as well as significant new applications for
deuterium depletion. Phenotypic phase plane analyses and
regression matrices of the C stable isotope labeled
metabolome, especially its energy yielding products,
intermediary metabolites, and cell membrane/nucleic acid
components in cultured tumor cells, already indicate a major
System response to deuterium depletion primed by limited
reductive synthesis.

One prominent effect of deuterium depletion is to inhibit
fatty synthesis, chain elongation and desaturation. These
anabolic reactions utilize acetyl-CoA, as well as hydrogen of
water for new fatty acid pools. Fatty acids then are used for
new membrane formation in the rapidly proliferating cell.
The complex structure and molecular organization of the
mammalian fatty acid synthase offer remarkable
opportunities with altered morphology and flux handling
properties [Nature Chemical Biology 2, 232-234 (2006)].
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Thus, fatty acid synthase (FAS; EC 3.2.1.85) is an attractive
novel drug development target site in oncology where major
pharmaceutical companies have already positioned
themselves. For example, GSK837149A by
GlaxoSmithKline controls the b-ketoacyl reductase subunit
of human fatty acid synthase [FEBS Journal 275 (2008)
1556-1567] with potential clinical candidacy. This is also
the site where hydrogen/deuterium ratios readily affect
enzyme reactivity as well as reaction elasticity.

Besides affecting reductive (proton dependent) synthesis,
our previous "°C glucose experiments indicate that there is a
deuterium-dependent decrease in de novo fatty acid *C net
labeling in multiple tumor cells, with a decreased
contribution of glucose-deriving acetyl-CoA to newly
formed palmitate and sterols. This indicates an important
role for limiting malonyl-CoA’s carbon skeleton trafficking
towards the consecutive acyl chain-elongating reductive
synthesis steps within the FAS complex. Therefore, it is
evident that reactivity and elasticity are also limited for *C-
acetyl-CoA trafficking towards several membrane-bound
newly formed lipids by DDW administration. This is
consistent, on one hand, with a limited role of the
Copenhagen model for malonyl-CoA  processing
(decarboxylation) but, on the other, that of an alternate,
activated water and deuterium-dependent rate limiting
mechanism [Biochemistry, Vol. 41, No. 35, 2002]. As the
decarboxylation reaction is initiated by the attack of an
activated water molecule, or hydroxide, on the malonyl C-3
target, the significant mass difference between deuterium
and hydrogen readily alters reaction kinetics for acetyl-CoA
trafficking, with a major impact on fatty acid synthesis and
cell proliferation, as one of DDW’s growth limiting
mechanisms with pharmaceutical appropriateness.

Keywords: deuterium, deuterium depletion, *C isotope
tracers, metabolomics, phenotypic phase plane analyses, tumor
cells, fatty acid synthesis

Effects of deuterium depleted water
alone and in combination of known
chemotherapeutic agents on different
tumor cells

Lajos Istvan Nagy,” Gabriella Fabian,"” and
Laszl6 G. Puskas'™"

@ Avidin Ltd. Szeged, HUNGARY, E-mail:
lajos@avidinbiotech.com

PJAvicor Ltd. Szeged, HUNGARY

Consumption of deuterium depleted water can be used as
a supplement for anti-cancer treatments and could also serve
as a tumor prevention strategy. The anticancer effects of the
optimal concentration of deuterium in water, the duration of
treatment, the gradient decrease of deuterium content and
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the possible synergistic effects of deuterium depleted water
with known chemotherapeutic agents were analyzed on
different tumor cell lines by using a real-time cell analysis
method, Excelligence.

The Excelligence RTCA SP (Acea-Roche) is a
microelectronic cell sensor method, where microelectrodes
are integrated in the bottom of a microtiter plate (96-well E-
plate) and measures adhesion and proliferation. The real-
time measurement can detect changes continuously, which
means that the system can give information at any stages of
the experiment. Real-Time Cell Analyzer (RTCA) DP is a
novel cell migration and invasion assay system that uses the
Boyden Chamber principle but does not involve any fixation,
labelling or counting of the cells. The core of the system is
the CIM-Plate device, composed of an upper chamber and a
lower chamber. The upper chamber has 16 wells that are
sealed at the bottom with a micro-pore-containing
polycarbonate or polyester membrane. The membrane
contains microelectronic sensor arrays that are integrated on
its bottom surface. Migration of cells will occur through
these electrodes, which changes impedance, and will
increase cell index.

In the present paper we report the effects of different
concentrations of deuterium depleted water (155 ppm 135
ppm, 125 ppm, 115 ppm, 105 ppm, 85 ppm, 65 ppm, 40
ppm) on the proliferation of HT199 melanoma, A549 lung
cancer and MCF7 breast cancer cells. In addition we studied
the synergetic effect of deuterium depleted water with
known chemotherapeutic agents, namely etoposide, taxol,
doxorubicin and cisplatin.

Deuterium depletion interfered with cell proliferation at
the concentration of 105 ppm. The 40 ppm concentration
showed the most significant effects in A549 and MCF7
cultures, while the proliferation of HT199 cells was most
efficiently controlled by the 65 ppm preparation. During the
combined treatment modalities deuterium depleted water
enhanced the growth controlling effects of anti-cancer drugs.
Combining—450 nM doxorubicin with 85 ppm deuterium
depleted water decreased cell proliferation, yet combining
85 ppm deuterium depleted water with 900 nM doxorubicin
induced cell death in all cultures. The 85 ppm deuterium
depleted water significantly increased the effect of 65 uM
cysplatin in A549 and HT199 cultures.

In conclusion, deuterium depletion inhibits tumor cell
proliferation and decreases their migration. Furthermore, in
combination with known anti-cancer drugs deuterium
depletion had a synergistic effects. Based on these results
deuterium depletion therapy could be used alone as well as
in combination with different chemotherapeutic treatment
protocols in the clinics. Further studies are needed to
confirm the effects of combination therapy in animal
experiments as well as in human clinical trials.

Keywords: deuterium, deuterium-depleted water, real-time
cell analyzer, cell proliferation, cell migration, cancer cell
lines, chemotherapeutic agents
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Effects of deuterium depletion on
proliferation and apoptosis in cultured
murine haemopoietic cells

Gabor Laskay™, Gabor Somlyai” and Gyorgy
Jakli'
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Budapest, HUNGARY,
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The purpose of the study was to investigate the effects of
deuterium depletion (DD) on proliferation and apoptosis in a
murine cell model system. The murine haemopoietic cells
(cell line FDCP-Mix clone A4) used in this study require the
growth factor Interleukin-3 (IL-3) for survival and
proliferation. In the absence of IL-3 these cells not only
undergo cell cycle arrest at the G,/S checkpoint but also
enter apoptosis. Therefore, this model system offers a
unique opportunity to study the effects of different
conditions on both proliferation and apoptosis.

DD conditions brought about an extension of the lag phase
of the growth curve of murine haemopoetic cells when
cultured in the presence of IL-3. DD conditions also
decrased the rate of recovery of the cytoplasmic pH of the
cells from acid load, an indicator of the activity of the
Na'/H" antiport. Moreover, DD conditions increased the rate
of apoptotic cell death in the IL-3-deprived samples, with no
effect on cell viability in the normal, IL-3-supplied
population.

The results indicate that DD conditions a/ interfere with
the onset of cell proliferation by extending the period during
which the cells enter the phase of intense divisions, b/
modulate the activity of the Na'/H" antiport, and ¢/ promote
apoptosis after being induced by a physiological inducer.
The implications of these findings will be discussed in the
light of the two distinct signalling pathways employed by
IL-3 with respect to the two cellular decisions: the Shc-Ras-
MAPK pathway to induce proliferation and the PI3-P-Akt-
Bax-P cascade to suppress apoptosis.

The authors wish to express their thanks to Professor T.M.
Dexter and Dr. D. Allan (Paterson Institute for Cancer
Research, Manchester, U.K.) for making it possible to
conduct the study.

Keywords: deuterium, deuterium depletion, proliferation,
apoptosis, hematopoietic cells, Na'/H" antiport, signalling
pathways
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Anti-aging effects of deuterium
depletion on Mn-induced toxicity in a
C. elegans model

Daiana Silva Avila®, Gabor Somlyai'™, Ildiké
Somlyai™ and Michael Aschner!®

[ anderbilt Medical Center, Nashville TN, USA, E-mail:
michael.aschner@vanderbilt.edu

®IHYD LLC for Cancer Research and Drug Development,
Budapest, HUNGARY

Sub natural concentrations of deuterium (D) in water have
been shown to have several health effects. Herein, we tested
the hypothesis that deuterium-depleted water (DDW) can
reverse the effects of manganese in a Caenorhabditis
elegans (C. elegans) experimental model. A synchronous
population of N2(wild type) worms was treated with 35mM
MnCl, for 30 minutes followed by 48 h treatment with 150,
120 or 90 ppm of DDW. Mn reduced DAF-16 (a
transcription factor strongly associated with life-span
regulation) levels in the worms and this effect was restored
by 90 ppm DDW treatment. Superoxide dismutase (SOD)
and AKT, downstream and upstream proteins in the DAF-16
pathway, respectively, were altered by Mn exposure, and
their expression was also restored by DDW treatment. These
findings demonstrate that DDW may play a protective role
against Mn toxicity and aging, likely by attenuating Mn-
induced reactive oxygen species (ROS) generation. The
effect of DDW is likely mediated by the DAF-16 pathway,
as a transcriptional factor that increases the expression of
antioxidants proteins and increase in lifespan in C. elegans.
Additional studies are necessary in order to clarify the
precise molecular mechanisms of the anti-aging activity of
DDW.

Keywords: sub-natural deuterium, Caenorhabditis elegans,
life-span, manganese, DAF-16, SOD-3, anti-aging effect

Deuteronation and ATP Synthase: A
Stochastic Mechanism of Aging

Abdullah Olgun

Biogerontology Laboratory, ARGE-1 Binas1 Kat: 2 No:1,
Teknokent, Akdeniz University, TURKEY, E-mail:
aolgun@yahoo.com

Although the ratio of deuterium to hydrogen is ~1/6600 in
nature, deuteron/proton ratio is ~1/15000 due to the lower
ionization of deuterium that has a twofold mass of hydrogen.
Therefore in any biological molecular reaction/interaction
where proton is involved, there is a ~1/15000 chance of
deuteronation.
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Chemical bond formed by deuteron is more stronger,
shorter and have a different angle than hydrogen bond. The
same conditions apply for the FO part of ATP synthase also
where deuteronation increases the pKa of its Asp61 by 0.35.
This increase can make difficult the dissociation of deuteron
from Asp61 by stator subunit’s Arg210 and likely causes the
rotation of FO in both directions in a futile manner that stops
ATP synthesis at least transiently. Each second, one of ~15
ATP synthases is likely transiently deuteronated at Asp61
site. If a critical percentage of ATP synthases is
stochastically deuteronated at a certain time point in a
mitochondrion, this can lead to local ATP deficiency with
reversible or irreversible consequences in maintenance and
repair. As examplified by ATP synthase, the role —if any- of
deuteronation in the mechanisms of aging and age related
pathologies needs and deserves to be clarified.

Keywords: deuterium, deuteronation, ATP synthase, aging

Deuterium-depleted water inhibits
human lung carcinoma cell growth by
apoptosis

Fengsong Cong

School of Life Sciences and Biotechnology, Shanghai
Jiaotong University, Shanghai, CHINA, E-mail:
fscong@sjtu.edu.cn

Objective: To explore the in vivo and in vitro inhibitory
effects of deuterium-depleted water (DDW) on human lung
cancer, and to explore the possible mechanisms.

Methods: The inhibitory effect of DDW on the
proliferation of human lung carcinoma A549 cells and
human embryonic lung fibroblast HLF-1 cells was examined
by MTT assay; apoptosis of A549 cells was examined by
TUNEL; and cell cycle was analyzed by flow cytometry.
Mouse model of lung carcinoma was established by
inoculating human lung carcinoma H460 cells into BALB/c
nude mice, and the growth of implanted tumors was
observed after DDW treatment for 60 days.

Results: Compared with control group, A549 cells treated
with DDW containing 25, 50 or 105 ppm deuterium DDW
showed significantly decreased proliferation at 10 h (P
<0.01). Then the inhibitory effects of DDW gradually
disappeared, but re-appeared 48 h later, becoming
significant at 72 h (P<0.05). DDW showed no inhibition on
the proliferation of HLF-1cells(P<0.05). TUNEL assay
verified DDW-induced apoptosis in A549 cells, which was
significantly higher than that of the control group
([45.30+4.211% vs ([22.25+0.30]%, P<0.01). Cells in S
phase were significantly increased in DDW-treated A549
cells compared with those in the control group (P<0.05).
Life quality of H460 cell-inoculated nude mice treated with
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DDW was greatly improved, with a tumor inhibition rate of
30.08%. Conclusions: DDW inhibits the proliferation of
lung cancer cells at a wide dosing range, but with a
fluctuation pattern; its mechanism might be associated with
induction of apoptosis and S-phase cell cycle arrest in tumor
cells.

Keywords: deuterium, deuterium-depleted water, A549
human lung carcinoma cells, apoptosis, tumor inhibition

The effect of DDW on the kinetics of
tumor clone in in vitro experiments
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Acute leukemia represents a group of heterogeneous
malignant blood disorders the key role in the development
of which is played by the disbalance between proliferation
and differentiation of hematopoiesis progenitor cells. Recent
studies have shown that deuterium depleted water (DDW)
can affect both the proliferation and apoptosis of the
malignant cells. DDW may become a potentially perspective
drug in the prevention of cancer and blood disorders.

In this study we investigated the effect of DDW on the
rate of spontaneous apoptosis by incubating leukemic cells
in culture media with deuterium concentration of 10 or 50
ppm. The leukemic cells were extracted from bone marrow
of patients with first diagnosed leukemia. In all experiments,
the number of viable cells before incubation was 95%. The
cells were incubated in RPMI-1640 medium, based on bi-
distilled DDW with deuterium concentration 10 or 50 ppm,
for 24, 48 and 72 hours. Control cells were incubated in a
medium with 143 ppm deuterium concentration. After
incubation, the cells were washed in phosphate-buffered
saline in the centrifuge at 1000 rpm for 5 minutes at 18°C.
The pellet was resuspended in 200 ml saline, and the cell
suspension was put into 2 test tubes. To one, 15 pL of
annexin V/FITS and 10 pL of propidium iodide was added.
Unstained cells were used as negative control and for
determining growth rate. The samples were shaken on a
vortex and incubated in the dark for 15 minutes at room
temperature. After that, 400 uL phosphate-buffered saline
was added to the samples, and these were analyzed by
means of a FACScan cytofluorimeter (Becton Dickinson,
USA) with fluorescence excitation in channel FL1 (525 nm)
and red range excitation in FL2 channel (525 nm).
Evaluation was done with the CELLQuest program
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according to the characteristics viable cells, early apoptotic
cells, late apoptotic cells, and necrotic cells.

Cells of acute leukemia patients (M1 subtype in the FAB
classification; marrow, blast cells 95%), cells of patients
with acute lymphoblastic leukemia (marrow, blast cells
98%) and mononuclear cells of a healthy donor were
investigated. The sensibility of the analyzed cells to the
decrease of deuterium concentration in the medium and its
rate was different for all periods of incubation. For example,
after incubating the M1 cells at 10 ppm deuterium level for
24 hours, the number of viable cells was not significantly
different from the control (46.8 vs. 46.7%), while in the
medium with 50 ppm deuterium the number of viable cells
was 10% lower than in control. Cells of acute lymphoblastic
leukemia were, in contrast, more sensitive to decreased
deuterium concentration (10 ppm). Prolongation of the
incubation period regularly led to decrease of cell viability
and increase of the number of cells in different apoptosis
stages.

Mononuclear cells of the healthy donor were also
sensitive to the deuterium concentration. At the beginning of
culturing the cells, the difference vs. control was significant
and reached 20%.

DDW affected the viability of leukemic cells in in vitro
experiments. The reaction of the cells on decreased
deuterium concentration in the medium depended on the cell
type, deuterium level, and length of cultivation.

Keywords: deuterium, deuterium-depleted water, cell culture,
leukemic cells

Lung cancer patients, who consume
deuterium depleted water, have
extended survival

Zoltan Gyongyi,™ Ferenc Budan,™ Istvan
Szabo!* Istvan Ember," Istvan Ki?sl,["]

Krisztina Krempels,” T1diké Somlyai
Gabor Somlyai'”

and

[a]Department of Public Health, Medical School, University
of Pécs, Pécs, Hungary, E-mail:zoltan.gyongyi@aok.pte.hu.
PJHYD LLC for Cancer Research and Drug Development,
Budapest, HUNGARY

Lung cancer is the leading cause of cancer mortality. In
Hungary, the median survival time (MST) of lung cancer
patients is 7.5 months for men and 11.3 months for women,
based on the data obtained between 2002 and 2005.

While smoking is the primary risk factor of lung cancer,
environmental pollution and genetic factors can also
promote formation of lung cancer in non-smoker population,
too. Moreover, regular lung cancer therapy is less effective
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than patients and physicians wish. Deuterium depletion
slows cell division and suppresses tumour-related genes and
longer survival of breast and prostate cancer patients is
observed respectively. We followed more than 3 hundred
patients with diagnosed lung cancer. These Hungarian
patients voluntary consumed deuterium depleted water
(DDW) beside regular chemo and radiotherapy. The
calculated MST was dependent mainly on gender and
histological subtype but it was significantly, 2-7 times
longer in the group of patients, who drank DDW than it was
calculated in the entire Hungarian lung cancer population.
Tissue samples were not obtained from patients, because
DDW consumption was beginning after surgery, but in an
animal model we could measure diminished expression of
several cancer-related genes in the lung tissues of DDW-
drinking animals. We assume being correlation of silenced
expression of those genes and extended cancer survival of
DDW-drinking patients having lung cancer at the beginning
of follow-up.

Keywords: Deuterium depletion, lung cancer, median
survival time, MST

A retrospective study of survival in
breast cancer patients undergoing
deuterium-depletion in addition to the
conventional therapies

Krisztina Krempels, Ildikoé Somlyai, Krisztina
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Breast cancer is among the most prevalent forms of
malignancies worldwide. It ranks as the second most
common fatal cancers in women. Although population
screening by mammography and rapidly developing new
therapies (i.e.: surgery, radiotherapy, hormonal therapy,
chemotherapy and targeted drugs) improve early diagnosis
and multidisciplinary treatment options, morbidities for
breast cancer remain relatively high.

The possible role of naturally occurring deuterium (D) and
the impact of its shortage on cell proliferation have already
been established for numerous biological systems.
Anticancer effects of D-depletion have been demonstrated in
in vitro cell growth studies and in animal models of tumor
xenografts. Deuterium depleted water (DDW) in a human
phase II clinical trial of prostate cancer and retrospective
evaluations all showed anticancer- and preventive effects as
a novel treatment modality.

The aim of the present study was to investigate the impact
of deuterium depletion (D-depletion) on breast cancer
outcome. The daily water intake of patients was replaced
with DDW (105-25 ppm D) at least for 91 days, without
restrictions for the continued conventional treatment
regimen. The DDW treatment started with 105 ppm D,
which was gradually decreased to preparations with 85 ppm,
65 ppm and 45 ppm, (i.e.: 20 ppm lower D contents than the
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starting preparation) every 1 to 3 month, reaching a total of
6 to 10 months treatment periods. DDW treatments are
discontinued with 2 to 3 month intervals, and then repeated
several times for 4 to 6 months periods.

The data base of 232 breast cancer patients (median age:
50 years) was retrospectively evaluated, the median follow
up time was 49.7 months. Patients were continuously
enrolled between February 1993 and April 2011. Patients
consumed DDW for a median time period of 14.1 months.
Median survival time (MST) from the diagnosis was 148
months (12.3 years) for the population of the DDW treated
cohort. According to the staging at initial diagnosis, patients
with primary breast cancer achieved 217 months (18.1
years) MST, which was 52 months (4.3 years) in patients
with advanced cancer. Since the median time from the
initial diagnosis to the start of DDW treatment reached 13.2
months (1.1 years), MST was also calculated from the
initiation of DDW treatment. Most patients underwent
conventional therapies before entering the trial; therefore a
new study arm was created for restaging at the time of
inclusion in the study. Due to the extremely long survival of
patients already in remission at the start of DDW treatment
MST calculations are still pending: one patient out of the 48
patients died during the cumulative total follow-up of 289
years (median: 47.8 months). Patients with primary breast
cancer achieved 89 months (7.4 years) MST, while in
advanced breast cancer MST is achieving 39 months (3.3
years).

In comparison with published data DDW treatment in
combination with, or as an extension of, conventional
therapies noticeably prolonged MST in subgroups of breast
cancer patients. The method proved to be safe, and D-
depletion may act as a highly effective therapy both in
preventing the recurrence of breast cancer and for the
treatment of primary or advanced breast cancers. We
conclude that D-depletion offers additional benefits to
standard treatment regimens in breast cancer.

Keywords: Deuterium depletion, breast cancer, median
survival time, MST, retrospective study
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diabetic rats and in humans with altered
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Deuterium, a stable heavy isotope of hydrogen, binds to
oxygen to form D,0. D,O exist in the environment at
1/6700 of H,O (150 ppm) and is expected to have biological
effects. Several lines of evidences suggest that D,O inhibits
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insulin release from pancreatic islets. Very little or no data is
available on the complex actions of lowering D,0 content of
the cellular environment. Some experimental and clinical
observations suggest that depletion of D,0O has anti-mitotic
effect in various tumor cells. Some clinical observations also
suggest that depletion of D,O interferes with glucose
metabolism in diabetic patients. In our experiments we
wanted to test the effect of removal of D,O on glucose
metabolism in sreptozotocin (STZ)-induced diabetic rat
model. After 2 weeks, animals were randomly distributed in
to several groups to test the effect of D,O (25-150ppm) on
glucose metabolism in diabetic animals with or without
2x1U/day insulin treatment. Our results indicate that STZ
treatment  significantly  increased serum  glucose,
fructoseamine, HbA;c and TBARS concentrations.
Depletion of D,O did not influence any of the measured
parameters in animals not receiving insulin. However the
measured parameters were significantly lower in those
animals that received lower D,O containing drinking water
and insulin treatment. Membrane associated GLUT-4 was
significantly higher in the soleus muscle of these animals.
These observations suggest that D,O depletion enhances
insulin effect on GLUT-4 translocation and potentiate
glucose uptake in diabetic animals. The mode of action of
D,O depletion is not fully understood and needs further
experiments to be elucidated in insulin-requiring Typel
diabetes.

To investigate the effect of DDW in humans on metabolic
disecases a 90 day-long open label study was completed
using a) the hyperinsulinemic euglycemic clamp technique,
b) the homeostasis model assessment methods (HOMA-IR)
and ¢) HOMA-B% and S%. The study was approved by the
Regional and Institutional Ethical Committee before
prospective patients were enrolled and screened. A total of
30 patients with established insulin resistance and/or with
glucose intolerance (IFG or IGT) were selected for inclusion
in this study, screened within two weeks prior to the first
drug administration. Male and female patients, between age
18-60 years consumed 1.5 liters DDW per day with 110 + 5
ppm. Before and after the treatment period blood samples
were collected and stored at -80°C to determine HbAlc,
FFA, triglicerid, lipidfractions, leptin, adiponectin,
osteocalcin, kathepsin, SRANKL, osteoprotegerin, IL6, IL18,
TNFalfa, usCRP, ApoA, Apo B, vitamin D;, oestradiol,
tesztosteron, FSH. Serum D-concentration decreased from
148 ppm (146-150 ppm) to 134 ppm (125-143 ppm) during
the treatment. The average body mass increased from 85.55
kg to 86.71 kg (p=0.0071).

Insulin resistance decreased in 11 volunteers (36.6%),
total body glucose uptake increased with 0.2 to 4.2
mg/bwkg/min. The possible cause-effect relationship will be
discussed based on volunteer IFG, IGT, type 2 DM status,
insulin concentrations, body weight, fasting glucose levels
and HDL concentrations. The results clearly show that
consumption of DDW reduces fasting glucose levels,
increase HDL concentrations, and, in early disease stages,
reduce insulin resistance.

Keywords: deuterium, deuterium depletion, GLUT-4, insulin
resistance, diabetes, HDL
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