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Plant bioactive compounds are supposed to be the modifiers of structural-functional properties of cell
plasma membrane under heavy metals contamination. To test a protective effect of extracts from Ar-
temisia L. species, possessing high adaptive potential to different soil contaminations, on electrical
properties of algae cells under HM treatments was the aim of the present work. Extracts from Ar-
temisia plants were isolated from above-ground parts of A.scoparia and A.szovitsiana by acetone hy-
drolyzation. Microelectrode techniques were used to study the regularities of change of membrane po-
tential and membrane resistance of Chara gymnophylla and Nitella flexilis plasmalemma under influ-
ence of Cd, Cu, Zn, Pb and the extracts from Artemisia species. Statistically reliable hyperpolarizing
effect of A.szovitsiana and A.scoparia extracts in relation to Zn and Pb was revealed, respectively. Eli-
mination by extracts a decrease of membrane conductivity caused by Cd and Zn and also an increase
of conductivity by Cu was determined. Though a high HM accumulation capacity of Artemisia L. spe-
cies is noticed to not connect with protective effect of their extracts on membrane conductivity, they
can be a potential source for the searching new chemical compounds which are capable to induce the
plant tolerance to stress impacts.

Key words: heavy metals, extracts from Artemisia L., plasma membrane of Chara gymnophylla and Nitella

flexilis, protective effect, accumulation capacity

INTRODUCTION

Biodiversity of flora and fauna is currently un-
der considerable threat due to rapidly increasing
number of pollution and irrational utilization of
biological resources all over, in Azerbaijan as well.
Azerbaijan enjoys an extremely rich diversity of
natural species of valuable plants. However, arisen
of ecological imbalance, in particular due to envi-
ronmental pollution is a serious reason for vigilance
for fragmentation of biocenosis and requires the
acceptance of urgent actions, including appropriate
monitoring system, necessary investigation and as-
sessment of biodiversity. In spite of great signific-
ance is attached to the conservation of biodiversity
of natural population here (National Strategy and
Action Plan on Conservation and Sustainable Use
of Biodiversity in the Republic of Azerbaijan,
2006) a reduction of the rare and endemic species
of plants is still observed.

Among the key threats to ecosystems the pol-
lution by heavy metals (HM) occupies one of the
main places. Plants differ one from other by re-
sponse reactions to HM-contaminations on various
levels of their organization. The majority of them
are the plants distinguished by their resistance strat-
egy. Artemisia plants are one of genus species of

which show the different strategies of tolerance to
HM (Toderich et al., 2002; Bashmakov and Lu-
katkin, 2002; Kim et al., 2003; Li et al., 2003; Ta-
keda et al., 2005; Alirzayeva et al., 2006, 2008).

Previous work on monitoring of plant species
growing on various contaminated regions of Azer-
baijan made possible to find out the more adapted
Artemisia L. plants on these areas (Alirzayeva et
al., 2006). Some species/ecotypes of Artemisia L.
are shown to display distinctive strategies of resis-
tance to HM in dependence on their habitat, appear-
ing as tolerant, either excluder or indicator or else
accumulator plants (Alirzayeva et al., 2006, 2008).
In spite of the developed various tolerance strate-
gies all tested Artemisia species possessed the high
adaptive potential to HM-pollution.

HM are known to be able to cause functional
modifications in plant organism on plasmalemma
(Yurin, 2003) changing the membrane electrical
potential and conductivity of a cells. Plant extracts
are shown to have a protective effect displaying an
ability of interacting with cell membrane compo-
nents (Adam et al.,, 1998; Ali-zade et al., 2003,
2006; Sokolik et al., 2005) and changing their po-
tential and conductivity (Maffei et al., 2001).

Extracts of Artemisia plants with high resis-
tance and accumulation capacity of HM containing



rather considerable contents of biological active
substances were supposed to play a role in increas-
ing of resistance of cells of other plants, i.e. in
another level of plant organization. However, the
biological active chemical compounds of Artemisia
species, particularly from regions of Azerbaijan as
modifiers of structural-functional properties of
plant membrane are insufficiently studied.

The aim of the present work was a testing of
protective effect of extracts from some Artemisia L.
species on electrical membrane potential (MP) and
conductivity of algae cells under HM treatments
based on tolerance and accumulation capacity of
Artemisia plants.

MATERIALS AND METHODS

Two Artemisia species A.scoparia and
A.szovitisiana and freshwater algae Chara gymno-
phylla and Nitella flexilis were used as experimen-
tal objects.

Algae were grown in solution of Artificial
Pond Water (APW) consisting of 10" mol/l
KH,PO,, 2:10™* mol/l Mg(NOs),, 410 mol/l CaCl,,
107 mol/l NaHCO; at room temperature under ar-
tificial illumination.

Extract stock solutions in concentration of 10 mg
1" were successively diluted by APW up to concentra-
tions used in experiments. In one part of experiment,
extracts (1 ug 1", 10 pg I'") were added to the flowing
solution after 5-day keeping of plants in APW + ex-
tract in the same concentration and establishment of
steady-state MP level. Plants exposed to one of the
tested HM (concentration of 10°-10° mol/l) for 5
days were then used in another part of experiment and
after establishment of steady-state MP level the ex-
tracts were added to the flowing solution.

Parameter of electrogenic activity of cell plas-
malemma was MP, and parameter of integral con-
ductivity was membrane resistance. MP of Chara
cells is defined on two-electrode Hogg methods
(Hogg et al., 1968). Method of voltage clamp was
also used when potential difference of plasmalem-
ma of Nitella flexilis was fixed on certain level and
ion current was registered.

Microelectrode techniques were used for the
determination of regularities of change of MP (E,,)
and membrane resistance (R,) of plasma mem-
branes of Chara gymnophylla and Nitella flexilis
cells under influence of both HM (Cd, Cu, Zn, Pb)
and the extracts containing the biologically active
compounds from the shoots of Artemisia species.

To study the distinctions of membranotropic
effects of extracts from Artemisia plants they were
isolated from crushed air-dry above-ground parts of
A.scoparia and A.szovitsiana by threefold acetone
hydrolyzation; the hydrolyzates were then filtrated
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and distilled in water
Aleskerova, 1985).

All analyses were run in several replications.
Data were evaluated by analysis of variance using
MS Excel.

bath (Serkerov and

RESULTS AND DISCUSSION

A studying of accumulation, transfer and action
of heavy metals in plants is of high importance for
understanding of mechanisms of their effects on dif-
ferent levels of plant organization. An importance of
the electrophysiological approaches to the studying
of influence peculiarities of xenobiotics (pesticides,
heavy metals, etc.) and physiologically active com-
pounds on mechanisms of ion transport in plant
plasma membranes is somewhat reported (Demid-
chik et al., 1997; Musayev et al., 2001). Ion transport
system of investigated Chara gymnophylla cells was
observed to be in various functional states under HM
effect. A dispersion of values of MP — E,,, and resis-
tance — Ry, of cells in wide ranges is hereof evidence
(Musayev and Ismayilov, 2005).

Extracts of Artemisia plants are known to con-
tain the valuable biological active compounds like
sesquiterpene lactones, coumarins, glycosides and
other secondary metabolites, (Serkerov and Aleske-
rova, 1981; Serkerov, 2005) which interacting with
sterols of the cell membranes (Ali-zade et al., 2005;
Yarnell and Abascal, 2009) lead to the destruction
of their selective permeability. The leaves of
A.scoparia were reported to contain 33 chemical
constituents representing 99,83% essential oils rich
in monoterpenes (71,6%) (Singh et al., 2009a). So,
A.scoparia is considered as an important biore-
source for extraction of monoterpenoid-rich oil
(Singh et al., 2009b). Thereby Artemisia plants
growing under the different strained environmental
conditions possess the protective mechanisms ena-
ble them to withstand both osmotic and toxic ac-
tions. Hence a study of protective effect of extracts
from resistant to HM Artemisia species on electro-
physiological characteristics of plants arouses an
interest. Extracts from tested Artemisia L. species
had action on change of electrophysiological prop-
erties of algae cells in different ways in the pres-
ence of various metals (Cd, Cu, Zn, Pb).

A testing of their effects on change of MP of
the Chara cells in Cd and Cu ions presence has re-
vealed the statistically reliable differences (Fig. 1).
Under these conditions, the extract from A.scoparia
displayed a more positive effect on change of MP
than extract from A.szovitsiana. The observed posi-
tive effect of both species is evidence for initial
action of extracts on plasma membrane that corres-
pondingly leads to change of balance of ion fluxes.
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Figure 1. Effect of plant extracts from Artemisia scoparia (Ex1) and Artemisia szovitsiana (Ex2) on
membrane potential value of cells in CdCl, and CuSO, presence. Salt solutions were used in 10 mol/l

concentration.

Results obtained also confirm a fact of statisti-
cally reliable hyperpolarization of Chara membrane
growth in the presence of both Cd and extract from
A.scoparia in solution. The character of kinetic
curves clearly demonstrates a hyperpolarizing ef-
fect of this extract against a background of depola-
rization of membrane potential by different Cd con-
centrations (Fig. 2).

A diverse effect of two extracts at inhibition of
MP by Pb and Zn was found (Table 1). An adding
of Ex1 from A.scoparia removes a depolarizing
effect, but Ex2 from A.szovitsiana recovers the MP
to the initial level at the Zn treatment.

At the same time, Ex1 leads to hyperpolariza-
tion of MP at the Pb treatment of plant. Data ob-
tained distinctly reveal a hyperpolarizing effect of
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|
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A.szovitsiana in relation to Zn and A.scoparia in
relation to Pb. It should be noted that extracts them-
selves induced the significantly less membrane ef-
fects than their using together with metals.

Extracts from A.scoparia and A.szovitsiana
displayed a distinctive protective effect on the Zn-
induced changes of plasmalemma conductivity of
Nitella flexilis (Fig. 3). Extracts from A.scoparia
collected from both HM-polluted (Ex3) and unpol-
luted soils (Ex1) did not possess the protective ef-
fect in relation to Zn, while extract from
A.szovitsiana displayed a protective effect on Zn
treated cells. It may be a result of modification of
membrane lipid component or extract-induced
growth of conductivity of nonselective cation chan-
nels.

+Cd 10°*M

l Elxl

time, min

0 30 60 90 120 150 180 210 240

Figure 2. Kinetics of membrane potential change (E,,) of Chara cells at addition of rising concentra-
tions of CdSO, to the medium and at its replacement by extract from Artemisia scoparia (Ex1).
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Table 1. Effect of plant extracts from Artemisia scoparia (Ex1) and Artemisia szovitsiana (Ex2) on membrane poten-
tial (E,, mV) of Chara gymnophylla cells cultivated in ZnSO, and Pb(NO;), presence.

Control 107 mol/l ZnSO, 10° mg I'' Ex1 10° mg I'"' Ex2
(APW) (5-day exposition) (in experiment) (in experiment)
213 +£17 (5) -172+9 (5) -189+£ 10 (5) 215+ 8 (5)
Control 10° mol/l Pb (NO3), 10 mg/l ExI 10° mg/l Ex2
(APW) (5-day exposition) (in experiment) (in experiment)
-190 £ 9 (5) -187+£6 (5) =202 £ 12 (5) -195+£ 11 (5)

Cu increased the conductivity of outward-
rectified K'-channels (ORKC) for one and a half
time, while the change in relation to inward-
rectified channels (IRKC) was not observed. But
A.szovitsiana extract increased the conductivity of
IRKC and fast activated ORKC for a 10%. In the
combined presence of Cu and extracts the sharp rise
of membrane conductivity and cells destruction
were then observed (Fig. 4). Thus it is supposed
that the extract unambiguously delays the Cu-

induced growth of membrane conductivity that can
be interpreted as its protective effect.

It is known that coumarins are the dominating
compounds in A.scoparia extracts in magnitude
relation, while in A.szovitsiana extracts lactones are
prevailing components (Serkerov and Aleskerova,
1981; Serkerov, 2005). Hence, either coumarins or
lactones as the main components of these species
are supposed to induce a protective effect on cell
plasma membrane under HM contamination.
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Figure 3. Effect of extracts from A.scoparia (Ex1) and A.szovitsiana (Ex2) on Zn-induced change of plasma-

lemma conductivity of Nitella flexilis.

A - inward-rectified K'-channels, B - outward-rectified K'-channels, inward current, C — outward-rectified K'-

channels, outward current.
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Figure 4. Effect of A.szovitsiana extracts on Cu-induced changes of plasmalemma conductivity of Nitella flex-

ilis.

A - inward-rectified K'-channels, B — fast activated outward-rectified K*-channels, C — slow activated outward-

rectified K -channels.
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Table 2. Comparison of accumulating capacity of Artemisia L. species and elimination of HM effect by their extracts
in relation to membrane potential of plant cells

A.scoparia A.szovitsiana
Accumulation capacity, MP changes, Accumulation capacity, MP changes,
Metals ng g’ mV ngg' mv
Cd 4,02+0,9 18+2 0,11+0,03 8+2
Cu 34,01+8,3 10+2 17,5£1,5 8+2
Pb 160,08+42.4 1542 1,79+0,3 542
Zn 735,93+129,6 1712 106,5+13,1 4242

Among the Artemisia species tested the
A.scoparia showed the highest capacity to accumu-
late heavy metals, mainly Zn, Pb, Cu in shoots
(Alirzayeva et al., 2006) and can be referred to ac-
cumulator group plants. A.szovitsiana also distin-
guished by its adaptive potential to various types of
contaminations and is widespread in all polluted
areas of Azerbaijan. As other Artemisia species
(A.scoparia, A.fragrans, A.caucasica) tested (Alir-
zayeva et al., 2006) this species also mostly accu-
mulated Zn and Cu in its shoots. A.szovitsiana
growing on sites with different levels of HM-
contamination demonstrated different resistance
strategies. On relatively low contaminated sites
where the soil Cu and Zn concentrations were re-
vealed to be about 6 mg kg and 20 mg kg™, re-
spectively, plants from these sites storing in their
shoots about Cu 20 mg kg and Zn 100 mg kg’
were proved as accumulator species. A4.szovitsiana
growing on soils with 60 mg kg of Cu concentra-
tion and 100 mg kg™ of Zn not displaying high up-
take capacity accumulated Cu and Zn in amounts
about 15 and 70 mg kg, respectively.

The efforts to compare the data on HM accu-
mulation by both Artemisia species tested (Alir-
zayeva et al., 2006) and elimination of HM effect
by extracts from these species revealed their dis-
tinctive strategies also in these characteristics (Ta-
ble 2). While A.scoparia characterized by its high-
est accumulation capacity for Zn, the largest elimi-
nation effect with highest value of MP was ob-
served for this metal under the influence of
A.szovitsiana extract. But the higher elimination
effect for Cd, Cu, Pb was observed in the presence
of A.scoparia extract. At the same time, A.scoparia
plants accumulated in its shoots the higher amounts
of these metals than A.szovitsiana. With respect to
the ratio of plant accumulation capacity to change
of MP this value was found to be several times
higher in case of A.scoparia for all HM tested.

CONCLUSIONS

A revelation of protective role of biological ac-
tive substances from Artemisia L. plants in increas-
ing of resistance of algae cells plasma membrane

under HM-contamination has revealed a statistical-
ly reliable hyperpolarizing effect of A. szovitsiana
and A. scoparia extracts in relation to Zn and Pb
influence, respectively. Elimination by extracts a
decrease of membrane conductivity caused by Cd
and Zn and also an increase of conductivity caused
by Cu was also determined.

Though it is noticed that the high HM accumu-
lation capacity of some investigated Artemisia L.
species is not connected with protective effect of
their extracts in relation to membrane conductivity.
But the finding data suggests that some compounds
in Artemisia extracts are able to induce the tolerance
to toxic influence of heavy metals on plasma mem-
brane level. Thus, Artemisia can be the potential
source for searching new substances which are capa-
ble to induce in plants the tolerance to stress impacts.
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Agir Metallarin Tosirindon Bitkilorin Plazmatik Membraninda Bas Veran Zadslonmalor Zamam
Bazi Artemisia Novlori Ekstraktlarinin Qoruyucu Tasiri

V.M.Oli-zada', A.i.Sokolik?, N.A.Musayev’, E.H. Olirzayeva', T.S.Sirvani', G.X.Babayeva'

! AMEA Botanika Institutu
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3 Baki Déviat Universiteti

Ovvallor miloyyan olunmus tacriibi naticolor asasinda forz olunmusdur ki, agir metallarla (AM) ¢irklonma
zamani  Dbitkilorin  biofoal birlogmolori hiiceyronin  plazmatik  membraninin  struktur-funksional
xiisusiyyatlorinin modifikatoru rolunu oynayir. Toqdim edilon tadqiqat isinin moqsadi miixtslif torpaq
cirklonmolorins yliksok adaptasiya potensialina malik Artemisia L. ndvlarinin ekstraktlarinin AM-la iglonmis
yosun hiiceyralorinin elektrik xiisusiyyotlorino qoruyucu tasirinin &yronilmesi olmusdur. Ekstraktlar
A.scoparia Vo A.szovitsiana bitkilorinin yeriistii hissolorindon asetonla hidrodistilyasiya metodu ils
almmusdir. Cd, Cu, Zn, Pb vo Artemisia ndvlorinin ekstraktlarinin istiraki ilo Chara gymnophylla va Nitella
flexilis-in plazmalemmasinin potensiali vo miiqavimatinin doyisme ganunauygunluqlarinin tedqiqi {igiin
mikroelektrod texnikasindan istifado edilmigdir. Zn vo Pb-la iglonmis hiiceyrolordo, miivafiq olaraq,
A.szovitsiana va A.scoparia ekstraktlarinin tosiri plazmatik membranin statistik yaqin hyperpolyarlagsmasini
torotmisdir. Ekstraktlarin vasitasilo Cd vo Zn-1n tesirinden membran kegiriciliyinde bag veran azalmanin, va
Cu-un tosirindon iso artimin aradan galdirilmasi miioyyon edilmigdir. Baxmayaraq ki, Artemisia L. novlorinin
AM-1 yiiksok toplama qabiliyystinin onlarin ekstraktlarinin hiiceyroalorin membran kegiriciliyine qoruyucu
tasiri ilo slaqgali deyil, onlar bitkilerin stress tosirloro davamliligini artira bilocak yeni kimyavi birlogsmolarin
axtarisi liciin potensial monba ola bilar.

IIporexTopHoe [JeiictBue JxcTpakToB Hekoropsix Bunos Artemisia L. Ilpu Ilospexnennsx Ilnazma-
THyeckux MemoOpan Pacrennii Tskenbimu Metannamu

B.M.Aau-3axe’, A.M.Coxomnk’, H.A.MycaeB3, E.F.A.]mp3aeBal, T.C.IHHpBaHPll, I'.X.Ba6aeBa'

1
Hnemumym 6omanuxku HAHA
2 . y
benopycckuii cocyoapcmeennsiti ynusepcumem
3 o o
Baxunckuii cocyoapcmeennviil ynugepcumem

Ha ocHOBe paHee ycTaHOBJIEHHBIX SKCHEPUMEHTAIBHBIX JAHHBIX OBLIO TPEAIONIOKEHO, YTO TPH 3arps3He-
HUU TsokenbiMu MetayuiamMu (TM) OHMoaKTHBHBIE COSOMHEHHWs PACTCHHH OKa3bIBAIOTCS MoaudukaropaMu
CTPYKTYpPHO-(YHKIIMOHAIBHBIX CBOWCTB IIa3MaTHYeCKUX MeMOpaH kieTok. Llenpro Hactosmed paboThl
SIBUJIACH TPOBEPKA MPOTEKTOPHOTO JICHCTBUS SKCTPAKTOB Pa3IMUHBIX BUIOB Artemisia, 0OIaalomnuX BbICO-
KHM aJIalTUBHBIM MOTCHIIUAIIOM K TIOYBCHHBIM 3arps3HCHUSM, Ha DJICKTPUYECKHE CBONCTBA KJIETOK BOJO-
pocneit mpu o0paborke mx TM. PacturenbHble SKCTPaKTHl OBLIM TMONYyYEHBI M3 HAI3EMHBIX 4Yac-
Tel A. scoparia u A. szovitsiana, METOIOM alleTOHOBOW TUAPOTUCTIILIANMU. JIJIsi M3ydeHus] 3aKOHOMEPHO-
CTell M3MEHEeHHUsI MOTEHIMajla U CONMPOTHUBICHUS IIa3MaieMMmbl Chara gymnophylla, Nitella flexilis B npu-
cyrcrBuu Cd, Cu, Zn, Pb 1 5KcTpakTOB pa3INYHBIX BUIOB Artemisia NCTIONb30BaHa MUKPOAJIEKTPOTHAS TEX-
Huka. OOHapyXeH CTaTHCTUYECKA  JOCTOBEPHBIM  THIEPIONAPU3YIOMUNA  3PQPEKT  IKCTPAKTOB
u3 A. szovitsiana u A. scoparia B KIeTKax, 00paOOTaHHBIX IMHKOM W CBUHIIOM, COOTBETCTBEHHO. BEIsSBICHO
YCTpaHCHHE 3KCTPaKTaMH CHIDKCHUS MEMOpaHHOW MPOBOJUMOCTH, Bbhi3BaHHOTO Cd u Zn, a Takxke pocra
MIPOBOAMMOCTH, BhI3BaHHOTO Cu. HecMoTps Ha TO, 4TO OTMEYEHHAs BBICOKAS aKKyMYJIIIIMOHHAs CIOCO0-
HOCTh K TM pa3nuuHBIX BUIOB Artemisia He CBsI3aHA C MPOTEKTOPHBIM JIEHCTBUEM WX DKCTPAKTOB HA MEM-
OpaHHYIO MPOBOJUMOCTh KJICTOK, OHU MOTYT OBITh MOTCHIIUAILHBIM HCTOUHUKOM JIJISl IOUCKA HOBBIX XHMH-
YECKUX COCTUHEHHH, CIIOCOOHBIX HHIYIIMPOBATh YCTOWYMBOCTH PACTEHHUIA K CTPECCOBBIM BO3ICHCTBHUSIM.
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