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HEAVY METALS CONTENT IN VIRUS INFECTED PURPLE CONEFLOWER PLANTS

It was revealed that purple coneflower plants infected Tomato spotted wilt virus. It was investigated that concentration of nine
microelements (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn) in purple coneflower plants under viral infection is higher than in healthy plants.
Content of seven metals (Cd, Ni, Mo, Ti, Al, Zn i Al) was less than in the control samples. Differences for other elements (Pb, Hg,
Cu, Co, Li) are not educed. It is necessary to notice that content of high-toxic elements (As, V, Sh, Cr, Fe) in the infected plants
exceeded maximum allowable concentrations (MAC) in 1.2, 7, 2.3, 2.5 and 3.4 times respectively, unlike control samples in which

concentration of these metals was within the limits of norm.
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Introduction: It is known that medical plants contain
many important microelements which are necessary for the
proper functioning of human organism. On the other side,
except the positive effect of microelements, is also nega-
tive: there is a list of elements the concentration of that in
foods is subject to hard control. Ability of medical plants to
accumulate heavy metals from an environment is studied in
the last ten years widely enough and does not cause
doubts [4, 5, 6, 11, 14, 15, 18, 25, 26], that stipulates actu-
ality of researches in this direction.

For today following classification of microelements is
developed in relation to their operating on the human or-
ganism: microelements which matter in the human feed
(Co, Cr, Ce, F, Fe, I, Mo, Mn, Ni, Se, Si, V, Zn); micro-
elements which have a toxicological value (As, Be, Cd,
Co, Cr, F, Hg, Mn, Mo, Ni, Pb, Pd, Se, Sn, Ti, V, Zn) [20].
It is needed to notice, that 10 from the transferred ele-
ments is taken in both groups. Thus, it is not always pos-
sible to set a difference between vitally necessary and
toxic metals. All metals can show toxicity, if they enter
organism in a surplus amount.

However, there are metals which show the expressed
toxicological properties at the lowest concentrations and
do not execute which that was not by a useful function —
mercury, cadmium, lead, arsenic. In this connection, the
common commission of FAO and WHO in obedience to a
food code (Codex Alimentarius Europaeus) included mer-
cury, cadmium, lead, arsenic, copper, strontium, zinc, iron
in the number of components, content of which is con-
trolled at the international trading in the products of feed.
In Russia and CIS 7 elements (furnace, nickel, chrome,
aluminium, fluorine, iodine, tin) are controlled. Some other
metals can be controlled at presence of the certificates
[16]. Content of these metals must be regulated and in
medical plants because for today there are a few data
about the degree of metals transition in to medicamental
forms that is made from raw material of these plants [13,
17, 22]. In addition, information about element composi-
tion of medical plants is needed both for estimation of
pharmacological properties of preparations from them
and for standardization, development of analytically-
normative documentation on a medical digester, from that
get the plant-based preparations [12, 19, 26].

Mechanisms of viruses influence on heavy metals con-
tent in the plants are not found out. Data about determina-
tion of their concentration in virus infected herbs that are
grown on territory of Ukraine are not present.

Aim of the research was to investigate heavy met-
als concentration in purple coneflower plants infected
with viruses.

Materials and methods. For diagnostics of viruses in
the plants applied the methods of visual diagnostics, ELISA
and transmission electronic microscopy (EM). Contrasting
has been made with 2% solution of phosphorus — tungstic
acid. Virions are investigated using electron microscope
JEM 1230 (JEOL, Japan) [23].

Detection and identification of viruses has been carried
out with enzyme-linked immunosorbent assay (DAS-
modification) using commercial test-systems of firm
LOEWE (Germany). The results of reaction registered on
the rider Termo Labsystems Opsis MR(THE USA) with
Dynex Revelation Quicklink software at lengths of waves of
405/630 Hm. For reliable took on values that exceeded
negative control in three times [1].

Studying of the concentration microelements in plants
taken in the flowering stage (both with symptoms of the
disease and symptomless samples) has been carried out
by mass spectrometry method using ISP-MC X-Series 2
(Termo Fisher Scientific) [8].

As raw material from echinacea is used in an untilled
kind — in the plant-based preparations, infusions and
biologically active additives (BAA), the analysis of data
on determination of heavy metals concentration was
carried out by comparison with: 1) level of maximum
allowable concentrations (MAC) that is regulated by
medical and biological requirements and sanitary norms
of food quality Ne 5061-89 [21]; 2) possible norms that is
regulated by State Pharmacopoeia of Ukraine (SPU) —
not more than 0,1% [12]; 3) 'Hygienic Requirements for
Foodstuff Safety and Nutritional Value' (SanPiN
2.3.2.1078-01) that establish hygienic requirements for
substances and materials that come into contact with
foodstuffs [24]; 4). WHO norms [10].

Results and discussion. Under monitoring of purple
coneflower plantations (Echinacea purpurea (L.) Moench.)
we revealed plants with yellow spotted symptoms on the
leaves (Fig. 1).
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Figure. 1. Purple coneflower plants with symptoms of yellow spotted on the leaves (control — at the left)

Spherical viral particles 10020 nm in diameter were detected in the sap of the sick coneflower plants (Fig.2).

s

Figure. 2. Electron microscopy picture of the virions detected in the purple coneflower leaves

Viral particles presented on the Fig. 2 are similar to the
viruses of the genus Tospovirus family Bunyaviridae in
their morphology and size. It is known that tospoviruses are
spherical virions with diameter 80-120 nm and have a wide
circle of sensitive plants [9]. The typical member of the
genus is Tomato spotted wilt virus (TSWV). It is necessary
to mark that TSWV and also Impatiens necrotic spot virus

(INSV) were already detected in the purple coneflower
plants in Bulgaria and Lithuania [2,3,7].

Having regard to said early, the plants of Echinacea
were tested by us in the presence of TSWV and INSV.
ELISA results showed a presence of TSWV antigens in the
purple coneflower plants (Fig. 3).
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Figure 3. Content of the TSWV and INSV antigens in purple coneflower plants

Some debate exists as to exactly what constitutes a
"heavy metal" and which elements should properly be clas-
sified as such. Some authors have based the definition on
atomic weight, others point to those metals with a specific
gravity of greater than 4.0, or greater than 5.0. The acti-

nides may or may not be included. Most recently, the term
"heavy metal" has been used as a general term for those
metals and semimetals with potential human or environ-
mental toxicity. That's why analysis of the results on re-
search of heavy metals concentration was carried out in
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relation to their toxicity for the human organism. So, all
investigated metal were divided into three groups: high-
toxic, "mildly toxic" and low toxic metals.

The results of our research have not revealed differences
in the content of such heavy metals as Pb, Hg, Cu between

Table 1. Concentration of heavy metals in the purple coneflower plants, mg/kg

healthy and virus infected samples. Norms regulated by
medical and biological requirements 5061-89 (MBR), SPU
and WHO are not is not exceeded (table 1).

p<0,01

Metal Virus infected plants Healthy plants MBR 5061-89 SanPiN 2. 3.2.107801 WHO
Pb 0,48 0,52 0,5 5,0 10,0
Cd 0 0,09 0,03 1,0 3,0
As 0,25 0,06 0,2 3,0 -
Hg 0 0 0,02 1,0 -
Cu 4,50 4,81 5,0 - -
Zn 11,12 27,68 10,0 - -

However, it is necessary to notice that concentration
of such high-toxic element as As in the Echinacea in-
fected with viruses was higher in 4,5 times in comparison
with healthy plants (table 1). Content of Cd in healthy
plants was 0,085, that exceeds MAC in 2,8 times, unlike
sick plants in which this element is not educed. A ten-
dency to the reduce of concentration at a viral infection is
marked for Zn (in 2,5 times), thus in the healthy plants
MAC is exceeded in 2,7 times. On the SanPiN require-

ments, that estimate biologically active additives, content
of all four metals (Pb, Cd, As, Hg) and in healthy, and in
the virus infected samples of coneflower was within the
limits of norm.

Except described 6 elements, Tl, V, Be, Ni and Bi are
high-toxic metals too. Our research educed that the con-
centration of vanadium in all samples had exceeded MAC
(0,5 mg/kg) and in TSWV-infected plants been in 1,3 times
higher, than in healthy (Fig. 4).
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Figure 4. Concentration of high-toxic metals in purple coneflower plants (MAC is marked a pointer)

Thallium and beryllium are educed neither in sick
plants nor in control (fig. 4). Concentration of nickel in
infected plants was on verge of MAC (0,5 mg/kg), and
here in healthy exceeded it in 5,6 (!) times. The same
conformity revealed by us and for Bi. Its to law is a con-
centration was in 3 times higher in healthy plants than in
sick plants and presented 0,65 mg/kg. The accumulation

of such potentially dangerous metals even in healthy
plants testifies to the necessity of an increase control of
their content in plant raw material.

Concentration of four so-called "mildly toxic" for a man
metals (Sb, Cr, Mn, Ba) in the coneflower plants under viral
infection was higher, than in control (fig. 5, 6). Thus MAC
for Sb and Cr is exceeded in 2,5 times (fig. 5).
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Figure 5. Concentration of Sb (at the left) and Cr (at the right) in purple coneflower plants (MAC is marked a pointer)
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Increase of concentration under viral infection is marked by us and for such metals as a barium (Ba) and manganese

(Mn) —in 1,3 and 1,2 times accordingly (fig. 6).
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Figure 6. Concentration of Ba and Mn in purple coneflower plants

Content of iron that is subject to hard control in food, in healthy coneflower plants exceeded MAC in 2 times, in virus in-
fected — in 3,4 times. In addition, this index exceeded in 1,7 times possible norms regulated SPU (Fig. 7).
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Figure. 7. Content of iron in the purple coneflower plants (MAC is marked a pointer)

Investigation of concentration of "low toxic metals" is shown that content of Sr and B was higher in TSWV-infected cone-
flower in 1,3 and 1,6 times in comparison with healthy plants (table 2).

Table 2. Concentration of "low toxic metals" in purple coneflower plants, mg/kg p<0,01

Metal Virus infected plants Healthy plants
B 253,4 156,6
Sr 150,5 116,7
Li 2,9 2,9
Ti 11,0 16,1
Al 35,7 62,1

Content of lithium in the coneflower plants infected with
TSWV did not differ from such in the control. And the con-
centration of Ti and Al was lower in sick plants in 1,5 and
1,7 times accordingly (table 2).

Conclusions. Thus, it was investigated that viral
infection substantially effects on the microelements content
in the purple coneflower plants. It is necessary to notice
that the conducted research found out the tendency of
accumulation of some heavy metals in these plants under
TSWV infection in amounts which exceed MAC in food
products. Although these indexes were within the limits of
norms, regulated State Pharmacopeia of Ukraine and
SanPiN. But presently and until now there is not clear
information about passing of heavy metals to the medical
forms. Thus, our studies demonstrated the obvious

negative role of viruses in the production of high-quality
medical raw material and to the necessity of the viral of the
monitoring of medical plants with further development of
protective methods from the detected viruses.
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BMICT BAXKUX METAJIB Y BIPYCIH®IKOBAHUX POCITMHAX EXIHALEEI MYPMYPOBOI
BusieneHo, w0 pocnuHu exiHayei nypnypoeoi ypaxeHi gipycomM nnsMucmoz2o e'sHeHHs1 momamis. BcmaHoeneHo, ujo i3 21-20 npoaHanizoea-
HO20 MiKpoenieMeHma KoHyenmpauis dee'amu (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn) y eipyciH¢ghikoeaHux pocsiuHax exiHauyei nypnypoeoi € euujoro, Hix
y konmpouni, cemu (Cd, Ni, Mo, Ti, Al, Zn i Al) — Huxy4oto, no iHwux (Pb, Hg, Cu, Co, Li) — pi3Huyi He susieneHo. [Toka3aHo, U0 8Micm 8UCOKOMOKCUY-
Hux enemeHmie (As, V, Sb, Cr, Fe) y pocnuHax, ypaxeHux eipycom, nepeeuujyeae 2paHu4Ho donycmumi koHuyenmpauii (F4K) y 1.2, 7, 2.3, 2.5 ma
3.4 pa3u 8idnoeidHo, Ha 8iOMiHy 8i0 KOHMPOIbLHUX 3pa3Kis, ¥y AKUX KOHUeHmpauis eKkazaHUX MikpoesiemeHmie 6ynay Mexax HOpMU.
Knro4oei cnoea: gpimoeipycu, sipyc nnssmucmozo e 'sHeHHsI momamis, exiHauesi nyprypoea, eaxki Mmemanu

A. OyHuny, kaHa. 6uon. Hayk, J1. MuweHko, a-p 6uon. Hayk
KHY nmenu Tapaca LLleB4yeHko, KueB

COOPXAHMUE TAXENbIX METANNOB U BUPYCUHOULIMPOBAHHbLIX PACTEHUAX 3XUHALEEU NYPNYPHOU
OG6HapyxeHo, Ymo pacmeHusi 3XuHauyeu nyprnypHoU nopaxeHbl 8UPYCOM MSIMHUCMO20 ye8ssdaHusi momama. YcmaHoesieHo, Ymo u3 21-20 npo-
aHanu3upoeaHHO20 MUKpO3/ieMeHma KoHueHmpauyusi deesimu (As, V, Sb, Cr, Fe, Ba, Sr, B, Mn) e eupycuHguyupoeaHHol 3xuHayee nyprnypHoul
eblwe, YyeM 8 300poebix pacmeHusix, cemu — (Cd, Ni, Mo, Ti, Al, Zn i Al) — Huxe, no dpyaum — (Pb, Hg, Cu, Co, Li) — pasHuybI He ebisienieHo. lMoka3a-
HO, Ymo KoJludecmeeHHoe codep)xaHue 8bICOKOMOKcUYecKux 3asieMmeHmos (As, V, Sb, Cr, Fe) 8 nopaxeHHbIX eUPyCOM pacmeHusiX npeebiwasio
2paHu4Ho-donycmumbie KoHyeHmpayuu e 1.2, 7, 2.3, 2.5 u 3.4 pasza coomeemcmeeHHO, 8 omsiu4yue om KOHMpPOoJsibHbIX 06pa3yoe, 8 KOMOPbLIX KOH-
yeHmpauyus ykasaHHbIX Memarssos 6bina e npedesiax HOPMbI.
Knroyeenle cnoea: gpumosupycsl, eupyc nImHUcCmMoz20 yessdaHusi moMama, 3XuHaues nyprypHasl, msixesible Memarnibl.
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MANTAINING THE STATUS OF UKRAINE AS A POLIO-FREE TERRITORY

The article presents data on polio immunization coverage in Ukraine by age group during 2009-2012 and the results of inves-
tigating immunity to polioviruses in various population groups during 2009-2011.Considering the current poliomyelitis situation
in the world and the possibility of wild poliovirus importation from endemic countries, continued monitoring of herd immunity is
necessary for Ukraine to maintain its status as a polio-free territory.

Key words: poliomyelitis, Ukraine, immunity.

Introduction. Poliomyelitis is an acute infectious dis-
ease affecting the nervous system, primarily the grey mat-
ter of the spinal cord [1, 2]. Poliovirus, the causative agent
of poliomyelitis, is a human enterovirus and member of the
family of Picornaviridae.

Poliomyelitis has appeared in epidemic form, become
endemic on a global scale, and been reduced to near-

elimination, all within the span of documented medical his-
tory [1]. Global expansion of polio immunization resulted in a
reduction of paralytic disease from an estimated annual pre-
vaccine level of at least 600,000 cases to fewer than 1,000
cases in 2000 [3]. Indigenous wild poliovirus type 2 was
eradicated in 1999, but unbroken localized circulation of
poliovirus types 1 continues in 3 countries in Asia and Africa
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