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PROTECTION OF PHOTOSYSTEM 11 (PS11) BY NATURAL ANTIOXIDANTS
FROM HEAVY METALS - INDUCED STRESS
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(Presented by Academician of ANAS V.M. Alizade)

The comparative analysis of protective properties of biologically active composition (BAC) on
the base of plumbagin (2-methyl, 5-hydroxi, 1.4-naphthoquinone) and Na-ascorbate (Na-asc) under
toxic action of Zn?* and Ni?* on photosystem I (PSIl) was carried out. The investigations were per-
formed on wheat seedlings (Triticum aestivum L.) by means of introduction of metal ions and protec-
tive substances by two ways: simultaneously and consecutive incubations of wheat seedlings. The ac-
tion of metal ions and defense effectiveness were evaluated by means of analysis of induction curves
of delayed fluorescence of chlorophyll a in millisecond range (msec-DF of Chla) in wheat seedlings.
The character of induction transitions changes of msec-DF of Chla under action of heavy metals was
found to be indicated on suppression of radical pair primary charge separation and electron flow rate
to primary quinone acceptor Qa on donor side of PSII. BAC (at less degree) and Na-asc decreased
toxic action of Zn?* and Ni* that is likely to be due to neutralization of formed superoxide anion rad-

icals, and thus restoration of oxidation-reduction equilibrium between photosystems.

Keywords: Ceratostigma plumbaginoides bunge, antioxidants, delayed chlorophyll fluores-

cence, Zn**, Ni?*

Introduction

In oxygenic photosynthesis various ROS
(reactive oxygen species) such as superoxide
radical (O2"), hydrogen peroxide (H.0.) and
the hydroxyl radical ("OH) are generated as a
result of photosynthetic transport of electrons.
Donor and acceptor sides PS Il is known to be
more vulnerable part of thylakoid membrane of
chloroplast [4]. The generation of ROS is great-
ly accelerated under stress situation namely at
action of heavy metals. Zn?* is known to be
main components of many enzymes and Ni?* is
in composition of limited plants enzymes. It is
to be explained for the reason, that Zn?* ex-
changed by 10° times more rapid than Ni?*. The
photosynthetic membrane of chloroplast thyla-
koids is considered to be main target under
stress situation and more vulnerable are chloro-
phyll-protein complexes of PS Il due to their
structural peculiarities. Zn?* is assumed to af-
fect on oxidizing side of PS Il and may to in-
hibit of manganese complex. Investigations of
Baker et al. [3] proposed a second site of Zn?*
action situated between PS Il and PS I in the
electron transfer chain on the level of PQ. Ina
number of works concerning of Ni?* toxicity on
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photosynthesis was shown that Ni%* has reduced
of Chl content in leaves due to inhibition of its
synthesis and destroyed of electron transport
from pheophytin through quinone Qa and Fe on
quinone Qg on account of change of structure
of carriers or proteins of reaction center of PSII.

To cope up with damages caused by ROS,
cells possess by comprehensive and integrated
endogenous antioxidant defense system, which is
known to be composed by both enzymatic and as
well as non-enzymatic compounds [2, 12]. The
compounds belonging to several classes of phy-
tochemical components such phenols, flavonoids,
carotenoids, ascorbic acid, glutathione are known
are able to scavenge free radicals and are classi-
fied as non-fermentative protective systems [15].
The function of antioxidants is to intercept and
react with free radicals at rate faster than the sub-
strate, prevent generation of ROS or to scavenge
those formed. Low molecular compound Na-asc
iIs known to be able strongly inactivate of free
radicals. Na-asc is considered as the most power-
ful ROS-detoxifying compound because of it do-
nate of electron to ascorbate-peroxidase thus acti-
vates this antioxidative enzyme [5].

Thus, Na-asc is considered to level of cell
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from damages of plant growth and formation of
Chl, induced by ROS [7]. Compound derived
from plants still present a large source of natu-
ral antioxidants that have been shown to have
an antioxidative and or/antiradical scavenging
mechanisms [10, 11].

The aim of present paper in this connection
was to conduct the comparative analysis of pro-
tective properties of natural antioxidant-biolo-
gically active composition (BAC) and Na-asc at
oxidative stress, induced by heavy metal.

Materials and methods

Preparation and content of biologically
active composition (BAC): BAC - bioactive
composition on the base of plumbagin obtained
by extraction from plant raw material of Cera-
tostigma Plumbaginoides Bunge. Plumbagin ear-
lier was obtained by multi-stage extraction meth-
od with usage of organic solvents (hexane and
sulfuric ether) and chemical substances NaOH
and HSOg4. For our purposes plumbagin was ob-
tained by modernized method of extraction that
differs by technological simplicity. The fresh col-
lected and grounded roots and rootlets of Cera-
tostigma plumbaginoides, Carawey (Carum car-
vi) and coriander (Coriander sativum L.) groun-
ded seeds in optimal weight relation: 2 part cera-
tostigma, 1 part caraway, coriander mixed up and
then after addition of water in 1:7 ratio is located
indisstilation apparatus and is keeping during 24
hours under temperature of 60-65". The mix then
is distillated with water vapor. The biologically ac-
tive composition contained 50 mg/l plumbagin (2-
methyl, 5-hydroxi 1.4-naphthoquinone), 75ml/I
ether oils of caraway and coriander.

The main compound of biologically ac-
tive composition plumbagin is known to be a
wide range natural antibiotic. The ether oils ob-
tained from seeds of caraway and coriander
equally with ensuring of dissolving of plumba-
gin with water high amount. The main compo-
nents of caraway and coriander ether oils the
carvacrol, carvone, limonene, linalool, n-simol
amount 60-70% of composition [14].

Heavy metals treatmeant conditions:

Investigations were carried out on 7-9 days
wheat seedlings (Triticum aestivum L.) grown on
distillated water at room condition. To determine
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of heavy metal toxic action the 7-days seedling
were incubated during 24 hours in solution con-
taining NiCl2 (10°M) and ZnCl; (10°M). To pro-
tect of thylakoid membranes from oxidative stress
induced by action of heavy metal the 2 substances
possessing by antioxidant properties: Bioactive
composition ((BAC) 50mg/l) and Na-asc (4+10%*M)
that is considered as the most powerful ROS-de-
toxifying compound were used. The experiments
were conducted into 2 variants: 1. 7-days seedlings
of wheat (Triticum aestivium L.) were incubating
during 24h in medium containing: BAC+Zn?*, Na-
asc+Zn?*, BAC+Ni?*, Na-asc+Ni**. 2. 7-days
seedlings were incubated during 24h in solution,
containing Na-asc and in solution with BAC and
then were transferred to different solutions con-
taining Zn** (BAC—Zn?*, Na-asc—Zn?*) and
Ni?* (BAC— Ni**, Na-asc—Ni?*) during 24h.
Measurement of PSII activity: To evalu-
ate the functional activity of PSII in wheat
seedlings and its stability to unfavorable factors
of medium on the base of analysis of kinetic
curves of induction transitions of chlorophyll a
millisecond delayed fluorescence (msec-DF
Chla) were implemented. Analysis of induction
curves of msec-DF Chla characterized the state
of reaction center of PSII and its nearest sur-
roundings on donor (fast phase, (f.ph)) and ac-
ceptor (slow phase, (sl.ph)) sides. The measure-
ments were conducted on fluoremeter including
a phosphoscope in such way that 0.3 ms of ex-
citation was following by 1.25 ms of dark and
0.3 ms of the delayed light emission registra-
tion. Investigations were carried out in vivo on
cutting from leaves of seedlings, situated to
special holder in front of photomultiplier.

Results and discussion

Influence of Zn and Ni ions to the ac-
tivity of FSII: The state of PSII under toxic ac-
tion of Zn?* and Ni?* salts on wheat seedlings
were diagnosed by changes of induction of
msec-DF Chla, that in intact system is known
to be in close connection with metabolitic pro-
cesses and is regulated by cell in accordance
with its energetic requirements. The character of
induction transitions changes of msec-DF Chla
was dependent from action of heavy metal [6].
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Table 1
Action of BAC and Na-asc on changes of steady state (s.s) level of induction curve of msec-DF of Chla
1% variant 2" variant 1% variant 2" variant
Zn%* BAC+ Zn** BAC— Zn* Na-asc + Zn?* Na-asc—Zn*
1.4+0.06 1.7+0.1 1.7+£0.13 2.6£0.06 1.1£0.1
Ni% BAC+ Ni%* BAC— Ni% Na-asc + Ni%* Na-asc—Ni%
0.7+0.03 1.5+0.07 1.3+£0.15 0.7+0.03 0.9+0.06

Note: Experiments were performed by 2 variants (see: Materials and methods). Intensity of steady state (s.s) lev-
el without of treatment by heavy metals (control) was taken as 1.0.

Let us to consider the results connected
with steady state (s.s) level of induction curve
of msec-DF of Chla, reflecting of electrons out-
flow from Qg to cytochrome be/f complex due
to action of heavy metal (Table. 1).

Action of Zn ions lead to increasing of
DFs.s up to 1.4 relatively to control. Simulta-
neously introduction of heavy metal with Na-
asc is shown to increasing of DFs.s of msec-DF
of Chla (Table. 1).

Antioxidant activity of BAC during the in-
fluence of heavy metals: Under toxic action of
Zn?* and Ni?* the antioxidant properties of BAC
were determined. The Na-asc that is considered to
play critical role in protection from oxidative
stress was used [15]. Preliminary maintaining of
seedlings in solution with Na-asc with subsequent
action of Zn ions reduced of DFs.s almost up to
control. BAC however is shown to not reveal of
protective ability at presence of Zn?* in both vari-
ants of its introduction to growing medium and
leads to DFs.s increasing action of Ni ions in con-
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trast to Zn ions is found to lead to decreasing of
DFs.s level of msec-DF of Chla by up to 30%, at
persevere of Na-asc in the case of successive var-
jant its action in respect to DFs.s character is
weaken up to 20% and approaches to control. The
effect of BAC as it is seen from Table.1 is absent
at both variants and stable increases of DFs.s lev-
el. Action of Zn and Ni ions result in decreasing
of DFf.ph/s.s and DFsl.ph/s.s (Fig.1 and 2). The
effect of suppressing action of Zn?* excised effect
of Ni?* action nearly by 2 times higher for
DFsl.ph/s.s. The simultaneous introduction of Na-
asc with heavy metal does not weaken of Zn?*
toxic action, whereas at the case of Na-asc+Ni®*
the value DFsl.ph/s.s is restored to control. Na-
asc changed this correlation in the case of its suc-
cessive introduction only in experiment with
Zn?*. The restoration of DFf.ph/s.s value nearly
by 2 times higher is observed relatively to Zn?*
action and exceed control level the value of
DFsl.ph/s.s is increased relatively action of Zn
ions to 1.3 time (Fig.1 and 2).

mfph/s.s
»sl.ph/s.s

C n?*

BAC+Zn** BAC—Zn*" Na-asc+Zn** Na-asc—Zn>*

Fig.1. Action of BAC and Na-asc on changes of value of f.ph/s.s and sl.ph/s.s of msec-DF of Chla, suppressed
by Zn?*, Experiments were performed by 2 variants: 1. 7-days seedlings of wheat (Triticum aestivium L.) were incubat-
ing during 24h in medium containing: Na-asc+Zn?*, BAC+Zn?* 2. 7-days seedlings were incubating during 24h in so-
lution, containing Na-asc (4+10*M) and in solution with BAC (50 mg/l) and then were transferred to solution containing

Zn%* (Na-asc —Zn?*, BAC— Zn?*) during 24h
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Effect of BAC at its simultaneous intro-
duction with heavy metal was manifest only in
presence of Zn?*. The DFsl.ph/s.s value was
increased by 1.4 times with respect to Zn*. The
BAC effect was observed greater in the case of
its simultaneously introduction with heavy met-
al. As it is seen on Figure (1 and 2) the value of
DFf.ph/s.s with Zn?" was restored to control
level whereas in experiments with Ni?* this
value increased relatively to action of only Ni?*
by 1.2 times. The restoration of correlation val-
ue DFsl.ph/s.s has not observed. Observed
change DFs.s fully reflect the state of oxida-
tion-reduction reactions, connected with trans-
fer of electrons. The change of correlation be-
tween charge separation at RC PSII with for-
mation of the primary radical pair P680" Phe
and electron transfer rate to primary quinone
acceptor Qa (DFsl.ph) to DFs.s characterized of
donor and acceptor state of electron transfer
chain.

Ascorbate is known to react and effec-
tively neutralized superoxide anion radicals,
formed under stress and detoxified of H2O, as
donor of electrons to ascorbate peroxidase or
O, and "OH preventing by such way of en-
zymes inactivation and supports of oxidation-
reduction equilibrium between photosystems
[9]. An important role Na-asc plays in pro-
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tecting of enzymes activity, containing of pros-
thetic ions of metals, supporting their in re-
duced forms. Many spicy plants are today con-
sidered as the important sources for the extrac-
tion of compounds with strong antioxidant ac-
tivity [1]. Although there are some data about
antioxidative effects of coriander and caraway
essential oils, this activity is usually attributed
to existing phenolic compounds. However, the-
re are very few data that describe the potential
antioxidant properties related to chemically
well-characterized essential oils of coriander
and caraway, which are crucial in phytotherapy
[8]. The BAC main component-plumbagin is
known to stabilized of light harvesting complex
the most important component of photosynthe-
tic membrane, keeping its stability due to
ability of quinone antioxidants to dissolved in
lipids and lowering of rate lipids peroxidation.
BAC appears to be more accessible to site that is
damaged by Ni?* and is localized at the range of
quinones functioning that is on acceptor side of
PSII. It is explanation for effect only for state of
DFf.ph/s.s (Fig. 2). Thus, protective effect of Na-
asc under toxic action of Zn?* relating to value of
DFf.ph/s.s in second variant surpass of BAC effect
by up to 36%,at that time in the case of Ni?*
protective effect of BAC is found to be greater by
up to 20%.

mfph/ss
; % sl.ph/s.s

AR

C Niz* BACHNi**

BAC—Ni** Na-asctNi** Na-asc—Ni**

Fig.2. Action of BAC and Na-asc on changes of value of f.ph/s.s and sl.ph/s.s of msec-DF of Chla, suppressed

by Ni?*. Experiments were performed by 2 variants: 1. 7-days seedlings of wheat (Triticum aestivium L) were incubat-
ing during 24h in medium containing: Na-asc+Ni?*, BAC+Ni?* 2. 7-days seedlings were incubating during 24h in solu-
tion, containing Na-asc (410“M) and in solution with BAC (50mg/l) and then were transferred to solution containing
Ni2* (Na-asc —Ni?*, BAC— Ni?") during 24h
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The toxic action of heavy metal leads to
disturb the equilibrium between the photosystems
and redox state of Qa displacement, increasing of
outflow of electrons to PSI [13]. This result in s.s
increase and phases relation fall up to stationary
level of fluorescence. It is not excluded that chan-
ges of fluorescent characteristics are connected
with breakdown of chlorophyll in chlorophyll-
protein complexes of PS 11, which also brings its
considerable changes to Chla fluorescence and
phase character of induction curve.

BAC, unlike from action of Na-asc, pos-
sibly is not always capable to fully neutralized
of superoxide radicals (life time~2ms) that have
time to migrate to PS Il surrounding.
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FOTOSISTEM II-NiN (FSIT) AGIR METALLARLA iINDUKSiYA OLUNMUS STRESSDON
TOBIii ANTIOKSIDANTLARLA MUDAFiOSi

C.R.Cafarova, R.9.Qaniyeva, S.0.Bayramova, A.S.Sixiyev, R.9.Hasanov

Zn?* va Ni?-in fotosistem 11-ys (FSII) toksiki tasiri zamani plumbagin (2-metil, 5-hidroksi, 1.4-naftoxinon) ssash
bioloji aktiv kompozisiya (BAK) va Na-askorbatin (Na-ask) miidafio gabiliyystinin miiqayisali tadqiqi apartlmigdir.
Bugda bitkilorinds (Triticum aestivum L.) todgigatlar mahlulda ciicartilorin koklorinin inkubasiyast yolu ilo apa-
rilmigdir. Bugda bitkisine metal ionlarin tasiri vo miidafia gabiliyyati xlorofil a-nin millisaniys gecikmis fliioressensi-
yasimin (Xla msan-GF) induksiya oyrilorinin analizi vasitosilo giymotlondirilmisdir. Agir metallarin tasiri naticasinda
Xla-nin msan-GF induksiya kegidlorinin doyismosinin xarakteri sayasindo FSII-nin donor torofindo Qa ilkin xinon
akseptoruna elektron axini vo ilkin radikal ciitliiklorin yiiklorinin paylanmasinin azalmasi miiayyon edilmisdir. BAK (az
migdarda) vo Na-ask Zn®* vo Ni?* tesirindon formalasan superoksid anion radikallarini neytrallasdiraraq onlarm toksiki
tosirini azaltmig vo fotosistemlar arasinda oksidlagsma-reduksiya balansini barpa etmisdir.

Acar sozlar: Ceratostigma plumbaginoides bunge, antioksidantlar, xlorofilin millisaniya gecikmis fliioressensiyasi,
Zn2+, Ni2+
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3AIIIUTA ®OTOCUCTEMBI 11 (@CII) HATYPAJIBHBIMHA AHTUOKCUJAHTAMMU OT CTPECCA,
NHAYIUPOBAHHOTI O TAXKEJIBIMU METAJIJIAMU

I.P.I:xxadapoBa, P.A.I'anueBa, C.A.baiipamoBa, A.Ill.IlIuxues, P.A.I'acanos

[IpoBeneH cpaBHUTEIHHBIIN aHAIH3 3aIIUTHBIX CBOMCTB Ononorndecku aktuBHoi kommo3uiin (BAK) Ha ocHOBe
mnombaruna (5-rugpoxcu-2-metun-1,4-nadroxunon) u Na-ackop6ara (Na-ack) mpu TokcuueckoM Aedicteuu Zn?* u
Ni?* na porocuctemy Il (OCII). Uccnenosanus ocymecTBIsINCh Ha popocTkax nmenuus: (Triticum aesivum L.) my-
TEM BBEJICHUSI HOHOB METAJIJIOB U 3aLIUTHBIX COSIMHEHUH IBYMS ITyTSIMH: OHOBPEMEHHOM M MOCIIEA0BATEILHON HHKY-
Oaryy NPOPOCTKOB IIIEHUIBI. JlelicTBuEe HOHOB MeTauia U 3¢ PEKTHBHOCTH 3allUThl OLICHUBAJINCH B pE3yJIbTaTe aHAIN3a
MHIYKIHOHHBIX KPUBBIX 3aMENICHHON (IyOpecUeHInH XJIOpOQHIIa @ B MALTUCEKYHAHOM Anana3zoHe (Mcek-3D Xia).
XapakTep M3MEHEHUH MHIYKIIMOHHBIX ITepexo1oB Mcek-3D Xiia nmpu neficTBUN TSKEIBIX METaIOB, KaK OBIIO Haiize-
HO, OTpakaeTcsl B MOJABJICHUH Pa3ZeTICHUS 3apsa NEPBUYHON paAnKaILHON Maphl ¥ ITOTOKA 3JIEKTPOHOB K IIEPBUYHO-
My XHHOHOBOMY akientopy Qa Ha moropHoii cropone @CIlI. BAK (B menbmieii ctenenn) n Na-ack yMeHBIIAIH TOKCH-
ueckoe neiicteue Zn?* u Ni%*, BeposiTHO, MyTeM HelTpanu3amuu 0Opa3yIOMUXCS CYNEPOKCH ] aHUOH PaIMKaIIOB, BOC-
CTaHaBJIMBAsl OKUCINTEIbHO-BOCCTAHOBUTEIBHOE PaBHOBECHE MEXKIY (POTOCHCTEMaMH.

Knroueswie cnoea: Ceratostigma plumbaginoides bunge, anmuoxcuoanmsi, 3amedieHHas (GryopecyeHyus xio-
pounna, Zn**, Ni*
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