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Prooxidant—antioxidant system and change of alkaldis
level in jimson weed(Datura stramonium L.) under
the influence of static magnetic field

Whplyw statego pola magnetycznego na uktad prooksyds
i antyoksydacyjny oraz zmiarzawartdci alkaloidow w bieluniu dzdzierzawie
(Datura stramonium L.)

Summary. The effect of magnetic radiation on the prooxidantioxidant system and alkaloids
level in Jimson weedD@atura stramonium L.) have never been studied and reported befdre. T
objective of this research was to study the infagenf static magnetic field on the homeostasis
and alkaloids level inD. stramonium. The level of (thio) barbituric acids active prathy
superoxide dismutase and catalase activitypinstramonium seedlings under the influence of
static magnetic field with the intensity of 3 mTdah0 mT at two exposure times, 30 min and
22 hours, was studied. Under these conditionsetied of alkaloids in the extract from leaves and
stems of germs was determined by chromatographadysis. An increased level of lipid
peroxidation products, the activity of superoxidentltase and catalase in seedlings under the
long-term effect of magnetic field were observeleTevel of scopolamine alkaloid depended on
the duration of exposure to the static magnetitd fibowever, this factor did not effect the
atropine level. The obtained experimental data e@sirmed by the results of the analysis of
variance.

Key words: Datura stramonium, static magnetic field, lipid peroxidation, supdd® dismutase,
catalase
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INTRODUCTION

The local and global changes in the magnetic fislé result of human activity in the
environment are observed. The influence of magriid on living objects, including
plants, is an important direction in the currerge@ches [Scrape et al. 2008, Jinapang
et al. 2010, Payez et al. 2013]. Substantial magfield parameters which determine
its effect on living objects are intensity and dioa of exposure of the influence.
The high magnetic flux density (to 150 mT) and gngicant duration of exposure
(more than18 hours) inhibits plant growth and depeient, in general [Jinapang et al.
2010, Payez et al. 2013]. The low magnetic fie@l®%—0.5 mT) and short-term action
stimulates the seed germination and growth prosesseluding such plants as Cicer
arietinum, Datura stramonium, Anthemis monantha and Foeniculum [Scrape et al.
2008, Vashisth et al. 2008]. The magnetic fieldhwittensity of 4mT and duration of
exposure of 30 min stimulates the seed germinaifowheat and its further develop-
ment. However, the long—term effect of the fieldhvihe same intensity leads to ab-
normal changes in the root system and shoots gbldres [Cakmak et al. 2010, Vash-
isth et al. 2010, Cakmak et al. 2012]. The londper period from sowing to germina-
tion of seeds, the greater the likelihood of mic¢ablor fungal damage of plants and its
death [Scrape et al. 2008].

To clarify the mechanism of the influence of aistmbagnetic field (SMF) on the
plants, the lipid peroxidation (LPO) and enzymeivitgt of antioxidant system in the
cells was studied by Shine et al. [2012]. The magrfeeld with intensity of 150 and
200 mT and duration of exposure of one hour stitesléhe formation of reactive oxygen
in cells of soybean [Shine et al. 2012]. Incredsed! of active forms of oxygen leads to
the increase of antioxidant system activity whiglhie early response of the plants under
the stress factor effect [Bar 1998, Sahebjamei et al. 2007, Shine et al. 28hand et
al. 2012]. This mechanism is the basic of the glattaptations to the external factors
[Mamenko et al. 2014].

Preseeding processing of cucumbers seeds by statioetic field leads to the in-
creasing of superoxide radicals by 41% and hydr@geaxide by 8% compared with the
control group of plants [Bhardwaj et al. 2012]. Tihuence of the magnetic field with
intensity of 10 mT and 30 mT causes the increasupéroxide dismutase activity, the
intensification of lipid peroxidation and decreasadivity of catalase and peroxidase in
tobacco seedlings [Sahebjamei et al. 2007].

The magnetic field can cause genes disruptiongctstral changes of the protein
molecules and enzymes that have a negative effecntioxidant system of the cells
[Baran et al.1998, Shine et al. 2011, Anand et al. 2012]

However, the SMF effect on the growth, metabolismd activity of prooxidant—
antioxidant system in the cells depends not onlyhenparameters of the magnetic field
but it also depends on the genus or species ofttltded plant [Scrape et al. 2008]. In
view of the above described facts, the aim of teisearch was to perform the compre-
hensive study of the static magnetic field influenon the growth, prooxidant—
antioxidant homeostasis of the cells and the ailétaltevel in the extract frorDatura
stramonium seedlings.
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MATERIAL AND METHODS

Datura stramonium is a valuable medicinal plant with anti-inflammatoantispas-
modic properties and is used as the raw materiablitaining of atropine and scopola-
mine alkaloids.Datura stramonium seedscollected in the Botanical garden of Ivan
Franko Lviv National University has been used f@ éxperimental part of this research.

The dried seeds dDatura stramonium were subjected to the effect of the static
magnetic field with intensity of 3 mT and 10 mT aahgration of exposure 30 min and
22 hours. After exposure seeds were placed on #istricovered by filter paper, wetted
by distilled water, and cultivated in thermostatthvthe constant intensity of light
(1000 lux) at temperature +30°C (the optimum terapge for germination of seeds of
Datura stramonium) until germination. The sprouted seeds were teansfl to aquatic
environment (contains Ca (N3, KH,PQ,, KCI, MgSQ, and FeCJ) [Scrape et al. 2008]
and kept for 30 days at a temperature of 22—245€ @ptimum temperature for growth
of seedlingdDatura stramonium) under natural light. Intact seeds grown in simiandi-
tions were used as a control.

The germinated seedlings were weighed (1 +0.9 d)hemmogenized in a porcelain
mortar with buffer solution in a ratio of 1:10 a&sdescribed in the paper [Bilchuk et al.
2014]. The obtained homogenates were centrifuged@amin at 15.00@ (Thermo Pico
17, Germany). Obtained supernatant was used agaraesof the enzymes for studying
the enzymatic activity. In total 1 ml of the supstant from each sample was used for
research. Protein level of each sample was detedmioy the Lowry method [Lowry
etal. 1951].

The level of (thio) barbituric acid (TBA) -activerq@ucts in the supernatant from
D. stramonium seedlings was determined as described in the ga@peirbulatov et al.
1981] and expressed as pmol of malondialdehyde (M®Ang of protein. The deter-
mination of superoxide dismutase and catalaseifyctias carried out by methods de-
scribed in the paper [Kostiuk et al. 1990, Korolyilal. 1988].

For the chromatographic analysis, the homogeniaetbke of 0.1 g was placed to
the glass sample bottle and filled with methanokimatio of 1:10. The mixture was
mixed and extracted at room temperature (+25°Cndu hours. The obtained solutions
were thoroughly mixed and filtered. In total, 1 ofiffiltrate was taken for separation and
identification of the components on the system olamgraphy-mass spectrometry
(Agilent Technologies, United States) containedaofias chromatograph 6890N and
mass selective detector 5975V. The chromatograpbp@ration was performer using
capillary column NR-5ms with the length of 30 metend inner diameter 0.25 mm,
phase 0.25 microns and column thermostat initialperature +50°C. Exposure at the
initial temperature was 2 minutes. Programmed &¥atpre was increasing from +50°C
to +200°C at a speed of 10°C/min, from 200°C to °80@t a speed of 20°C/min.
The final temperature isotherm was 8 minutes helaarier gas with a flow rate of
1.0 mL/min, automatic supply sample injector 768B\4ss selective detector, interface
temperature was 280°C. lonization was achieveddstren impact, where an ionization
energy was 70 eV and temperature of ion source@3Quadrupoles temperature was
150°C. Data collecting speed (frequency) was Odorsds in the mass range of 30—
500 m. The relative percentage amount of each coemiavas calculated by comparing
its average peak area to the total area. Idertidicaf the products was carried by using
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AMDIS program (www.chemdata.nist.gov/mass-spc/ajndisd compared with the mass
spectra catalogs Wiley and NIST2008.

Statistical analysis of the results was carried umilmhg Microsoft Excel (2010) pro-
gram for determination of the probability of diffeice between the arithmetic mean
the two sets of the data. The difference betweerstidied parameters was considered as
a statistically significant & < 0.05. Two-factor ANOVA with repetition as well ése
percentage share of factor influence calculatiorevearried out to assess (evaluate) the
influence of the changes in the duration of expesund intensity of SMF on the level of
lipid peroxidation products as well as superoxiggnditase and catalase level in the cell,
and the percentage of atropine and scopolamirteiextract.

RESULTS AND DISCUSSION

To understand the influence of SMF Bn stramonium seeds, the level of TBA-
active products as well as the activity of antiexitl system enzymes in the seedlings,
including superoxide dismutase and catalase, waalyzed. The dependence of the level
of TBA-active products on the change of the duratid exposure and intensity of the
SMF effect inD. stramonium seeds was investigated (Table 1). The maximumn lgve
TBA-active products was observed under the infleeot SMF intensity of 3 mT and
duration of exposure of 22 hours. A significantreasing of the level of TBA-active
products was also observed under the SMF intenéityf) mT and duration of exposure
of 22 hours. The level of TBA-active products was$ changed compare to control, not
significantly different from control under the effeof 3 mT and 10 mT SMF intensity
and duration of exposure of 30 min.

Thus, the maximum SMF effect on the level of TBAhae products in
D. stramonium seedlings was observed at the influence of 3 ndlr' ldnmTSMF inten-
sity with the duration of exposure of 22 hours. Thesampaters were not changed for
short-term SMF intensity. These results indicatewiolation of the redox balance during
the long-term influence of SMF db. stramonium seeds.

Table 1. The level of TBA-active productshratura stramonium seedlings under the influence
of SMF
Tabela 1. Poziom aktywnych produktéw TBA w sadzoRatura stramonium pod wptywem
stalego pola magnetycznego

The level of TBA-active products
Poziom aktywnych produkt6@BA
(umole of MDA x mg* of protein)

The studied factors
Badane czynniki

Control/ Kontrola 0.326 +0.003
. 3mT 0.349 +0.01
30 min
10 mT 0.322 +0.01
+| kkk
29 h 3mT 0.480 +0.013
10 mT 0.402 +0.013*

The statistical significance isP < 0.05, *** P < 0.001, compared to the control
Istotngs¢ réznic przy *P < 0,05, *** P < 0,001 w poréwnaniu z kontepl
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Table 2. Superoxide dismutase amathlase activity ifD. stramonium seedlings
under the SMF effect
Tabela 2. Wptyw stalego pola magnetycznego na akt§évdysmutazy ponadtlenkowej
i aktywnas¢ katalazy w ekstraktach2. stramonium

Enzyme / Enzym
The studied factors superoxide dismutase catalase
Badane czynniki dysmutaza nadtlenkowa katalaza
(activity unit / mg of protein)| (umol of H,O, x mg of protein)
Control/ Kontrola 59.68 +2.28 0.07 +0.02
. 3mT 51.10 +2.68 * 0.03 +0.01
30 min

10mT 58.38 £1.65 0.13 +0.01*
29 h 3mT 79.00 £2.51 % 0.34 +0.03***
10 mT 65.54 +1.44* 0.16 +0.02**

The statistical significance isP < 0.05, **P < 0.01, ** P < 0.001, compared to the control
Istotngs¢ réznic przy *P < 0,05, ** P < 0,01, *** P < 0,001 w poréwnaniu z kontepl

The metabolic processes during seed germinati@ctsfthe further development of
the seedlings. Therefore, the impact of any stresdaring seed germination can be
displayed on the further development of the pl&athebjamei et al. 2007]. Active forms
of oxygen are always present in plant organismaamdinteract with different biological
compounds to form free radicals. Formation of ahgve forms of oxygen (AFO) under
the influence of physical factors of different anign vivo can enhance adaptation to the
extreme conditions. However, imbalance betweencteation and disposal of AFO in
the cells leads to oxidative stress. Formationatflase and superoxide dismutase is the
main mechanisms for protection of the cells frdva bxidative stress. The studies of
their activity can be useful for explanation thesgible mechanism of SMF effect on
living organism.

The increased activity of superoxide dismutase aatdlase irD. stramonium seed-
lings under the long-term influence of SMF was obsd. This result is consistent with
the results of TBA-active products level (Table Phe maximum activity of the enzymes
was detected under the influence of 3 mT and 10SMIF intensity and duration of ex-
posure of 22 hours compared to the same intendityduration of exposure of 30 min.
Under these conditions, the activity parametersugeroxide dismutase andtalase
were 1.31 times higher and 4.8 times higliex (0.001), respectively. It should be noted
that inhibitory effect of SMF on the enzymes wasaved at the intensity of 3 mT.

Thus, a long-term 3 mT and 10 mT SMF intensity eauhe increased activity of
catalase and superoxide dismutase. The optimaisityeis 3 mT SMF. These data are
consistent with those which described by Sahebjatel. [2007]. Similar to our results,
the increased activity of superoxide dismutase eatdlase activity was detected after
long-term influence of magnetic field on suspensiatiured of tobacco cells. The in-
creased level of TBA-active products indicatesitligation of lipid peroxidation proc-
ess, activation of superoxide dismutase and catdipdong-term influence that confirms
the adaptation process [Novitgtial. 2011, Mamenko et al. 2014].
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Despite the long history of the studies of magnégld effect on living organisms
the main mechanism of it remains unclear [Bingalet2003, Novitski et al. 2011]. Ac-
cording to one of the hypotheses, there are sewmgheto sensitive stages in the reac-
tions of lipid peroxidation that can affect lipissetabolism. SMF can also affect the
recombination rate of lipid radicals [Novitski ¢t 2011].

The Larmor’s theorem studied by Fesenko and Edsarss used to explain one of
the potential influences of magnetic field on higi organisms [Bingi et al. 2003].
The activity of antioxidant system enzymes depemi&€”*, Zr * and Cd *ions in their
active center. The central idea of Larmor’s theosays that direction of ion oscillation
in the enzyme active center has a decisive inflaem its form and can cause to changes
in enzyme activity [Bingi et al. 2003]. The expeental results show disturbance in the
cell homeostasis and oxidative stress. However,ibeeased activity of superoxide
dismutase and catalase indicates adaptive resjpbtise cells under the effect of perma-
nent residence [Novitski et al. 2011]. Perhapss tdaptive response to the long-term
exposure of SMF is predetermined by its effecthanlipid membranes of cells. Perhaps,
the adaptive effect can change the rate of lipdicad recombination, which leads to the
accumulation of lipid peroxidation products [Nokitet al. 2011].

Datura stramonium is valued in medicine as a source of alkaloidshsas atropine
(blocker of M-cholinergic receptors) and scopola{antagonist of muscarinic recep-
tors) [Iranbakhsh et al. 2006]. The relative petage of these alkaloids under the effect
of different SMF intensity and duration of exposimeD. stramonium extract was stud-
ied (Table 3). A significant increase of scopolagnimas observed under the 3 mT SMF
intensity during 22 hrours exposure. However, thedapercentage of this alkaloid was
significantly decreased under the effect of 3 md &8 mT during 30 min. Interestingly,
in the case of atropine iB. stramonium extract, the level of this alkaloid was not
changed in all experimental groups of the plants.

Table 3. The relative percentage of atropine angaamine irD. stramonium extract under
the effect of SMF
Tabela 3. Zawartg wzgledna atropiny i skopolaminy w ekstrakde stramonium pod wptywem
statlego pola magnetycznego

Enzyme/ Enzym
The studied factors the relative percentage the relative percentage
Badane czynniki of atropine of scopolamine
relatywny odsetek atropiny| relatywny odsetek skopolaminy
(%) (%)
Control/ Kontrola 3.50.21% 23.8 +0.43%
: 3mT 3.6 £0.29% 20.7 £0.31%*
30 min

10 mT 3.4 +0.13% 17.3 £0.32% **

29 h 3mT 3,5 +0,13% 28.6 +0.31%**
10 mT 3,7 +0,31% 21.7 0.34%

The statistical significance i$*< 0.05, **P < 0.01, **P < 0.001, compared to the control
Istotngs¢ réznic przy *P < 0,05, ** P < 0,01, *** P < 0,001 w poréwnaniu z kontepl
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Table 4. Analysis of variance of SMF effect on leseTBA-active products, superoxide
dismutase and catalase activity and the relativegpéage of atropine and scopolamine
Tabela 4. Analiza wariancji wptywu statego pola meiycznego na poziom aktywnych produktéw
TBA, dysmutaz ponadtlenkow i aktywndi¢ katalazy oraz wzgtiny odsetek atropiny
i skopolaminy

Enzyme/ Enzym

The studied factors superoxide . .
Badane czynniki TBA catalase | dismutase | atropine | scopolaming
katalaza dysmutaza | atropina | skopolaming
ponadtlenkowsg
Unmeasured factors 16,5 29,7 36,8 77,2 0,8
Czynniki niemierzalne
Interaction / Interakcja 8,9%* 21,3%* 15,8%* 16 16,3**
Intensity / Intensywn& 2,9* 1,3 0,9 0,3 24,6*
Duration / Trwanie 71,70 47,7+ 46,5%* 5,8 58,8+

The statistical significance is * P < 0.05, ** F0<Q1, *** P < 0.001, compared to the control
Istotngs¢ réznic przy * P < 0,05, ** P < 0,01, *** P < 0,001 wopdwnaniu z kontral

Thus, maximal effect of SMF on the relative peraget of scopolamine in the
D. stramonium extract was observed at the influence of 3 mT withduration of expo-
sure of 22 hours. The SMF had no effect on thel lefratropine. Alkaloids are a group
of naturally chemical compounds that contain mob#gic nitrogen atoms [Iranbakhsh
et al. 2006]. Perhaps, long-term effect of SMFrstramonium seeds leads to the vio-
lation of metabolic balance and nitrogen fixatiarthe cell plant.

The changes in the duration of exposure of thd fialused the most severe effect on
the studied parameters. This factor is the mogtifgignt for the level of TBA-active
products, activity of superoxide dismutase andlas¢gaand the relative percentage of
scopolamine (Table 4). The particles of magneétdfinfluenced an interaction between
two studied factors of antioxidant systefrthe duration of exposure of magnetic field
was the most significant factor for seeds germimgtthe TBA-active products level,
activity of superoxide dismutase and catalase &edamount of scopolamine in the
extract.

CONCLUSIONS

Summarizing all the results of our research weamnrclude that long-term effect of
SMF on seeds (the influence of SMF of 3 mT and T0with duration of exposure of
22 hours) leads to the increased level of TBA-&cpwoducts, as well as increases activ-
ity of catalase and superoxide dismutaseDinstramonium seedlings in 1.31 and
4.8 times respectively. The results indicate ttwations of the redox balance during of
long-term SMF exposition iD. stramonium seeds. It causes, in turn, significant changes
in the relative percentage of scopolamineDinstramonium extract. A significant in-
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crease of scopolamine was observed under the ityteris3 mT and duration of expo-
sure of 22 hours. The duration of exposure of magrield was the most significant
factor that affected the TBA-active products lewadtivity of superoxide dismutase and
catalase and the amount of scopolamine in the @xffae results indicate that the short-
term effects of magnetic field exposition of 3 nidal0 mT SMF intensity can be used
as a regulator of growth processe®irstramonium.

REFERENCES

Anand A., Nagarajan S., Verma A., 2012. Pre—treatntd seeds with static magnetic field
a meliorates soil water stress sin seedlings ofzengeamays L.). Indian J. Biochem.
Biophys. 49(1), 63-70.

Baran B., 1998. Effect of magnetic field on the kinetafschemical reactions. Ukr. Chem. Mag.
64(4), 26-29.

Bhardwaj J., Anand A., Nagarajan S., 2012. Biochehaind biophysical changes associated with
magneto priming in germinating cucumber seeds.tPagsiol. Biochem. 57, 67—-73.

Bilchuk V., Rossihina-Galic A., 2014. Changes activitfy antioxidant enzymes in vegetative
organsPopulus nigra L. in conditions aerotechnogenic pollution. Vidoviv Univ., ser.
Biology 64, 293—299.

Bingi A., Savin A., 2003. Physical Effects of weak magnéglds on biological systems. UFN
173(3), 265-300.

Cakmak T., Dumlupinar R., Erdal S., 2010. Acceleratibgermination and early growth of wheat
and bean seedlings grown under various magnetitd fend osmotic conditions.
Bioelectromagnetics 31(2), 120-129.

Cakmak T., Cakmak Z., Dumlupinar R., Tekinay T., 20ARalysis of apoplastic and symplastic
antioxidant system in shallot leaves: impacts ofkvstatic electric and magnetic field.
J. Plant. Physiol. 169(11), 1066—-1073.

Iranbakhsh A., Oshaghi M., Majd A., 2006. Distriiomt of atropine and scopolamine indifferent
organs and stages of developmentDatura stramonium L. (solanaceae). Structure and
ultrastructure of biosynthesizing cells. Acta Biotac., Ser. Botanica 48(1), 13-18.

Jinapang P., Prakob P., Wongwattananard P., 20ddwtfs characteristics of mung beans and
water convolvuluses exposed to 425-MHz electromtigfields. Bioelectromagnetics 31(7),
519-527.

Korolyuk M., lvanova L., Mayorova G., 1988. Methtat determination of catalase activity. Lab.
Delo. 1, 16—19.

Kostiuk V., Potapovich I., Kovaleva. V., 1990. Argile and sensitive method of determination of
superoxide dismutase activity based on the readfiguercetin oxidation. Vopr. Med. Khim.
36(2), 88-91.

Lowry O.H., Rosenbrough N.J., Farr A.L., Randall R51 Protein measurement with the folin
phenol reagent. J. Biol. Chem. 193(1), 265-275.

Mamenko T., Yaroshenko A., Myhalko L., 2014. Theygblogical role of antioxidant processes
to provide drought resistance winter wheat. Phy&einet. Plants 45(1), 65—73.

Novitskii Yu., Novitskaya G., Serdyukov Yu., Kocl®va T., Dobrovolskii M., Molokanov D.,
2011. Effect of weak permanent magnetic field amlthid peroxidation in radish seedlings.
IX International Crimean Conference “Cosmos and Biosghé4—65.

Payez A., Ghanati F., Behmanesh M., 2013. Increhseenl germination, growth and membrane
integrity of wheat seed lings by exposure to staticl a 10-KHz electromagnetic field.
Electromagn. Biol. Med. 32(4), 417—-429.



Prooxidant—antioxidant system and changekaflaids level in jimson weetDatura stramonium L.)... 59

Sahebjamei H., Abdolmaleki P., Ghanati F., 2007ed®$ of magnetic field on the antioxidant
enzyme activities of suspension-cultured to badtd®ioelectromagnetics 28(1), 42—47.
Scrape 1.D., Pashkovskyi M.V., Skvarko K.O., 20@Bfect of constant magnetic field on the

growth processes in plants. Biophysical mechanidiging systems, 88—89.

Shine M., Guruprasad K., Anand A., 2011. Enhancémef germination, growth, and
photosynthesis in soybean by pre-treatment of seétsnagnetic field. Bioelectromagnetics
32(6), 474-84.

Shine M., Guruprasad K., Anand A., 2012. Effecst@ationary magnetic field strengths of 150 and
200 mT on reactive oxygen species production inbsay. Bioelectromagnetics 33(5),
428-437.

Timirbulatov R.A., Seleznev E.l, 1981. Method farcieasing the intensity of free radical
oxidation of lipid—containing components of the ddioand its diagnostic significance. Labo-
ratory (4), 209-211.

Vashisth A., Nagarajan S., 2008. Exposure of seedgatic magnetic field enhances germination
and early growth characteristics in chickp€eér Arietinum L.). Bioelectromagnetics 29(7),
571-578.

Vashisth A., Nagarajan S., 2010. Characterizatiowater distribution and activities of enzymes
during germination in magnetically-exposedmaiZeatnays L) seeds. Indian J. Biochem.
Biophys. 47(5), 311-318.

Vashisth A., Nagarajan S., 2010. Effect on gerniimatind early growth characteristics in sun-
flower (Helianthusannuus) seed sexposed to static magnetic field. J. PRimgsiol. 167(2),
149-156.

Streszczenie. Dziatanie promieniowania magnetycznego na ukiad ooksydacyjny,
antyoksydacyjny i zawarfé alkaloidow w Datura stramonium L. (bielur dziedzierzawa)
dotychczas nie byly badane. Celem niniejszej praghp kzbadanie dziatania statego pola
magnetycznego na homeostaz zawarté¢ alkaloidow w siewkachDatura stramonium L.

W daswiadczeniu przeanalizowano zawdtioaktywnych produktéw TR (tiobarbitur kwas),
dysmutazy ponadtlenkowej i aktywdtokatalazy w sadzonkach pod wplywem stalegeieatia
pola magnetycznego 3 mT i 10 mT w czasie 30 minbt 22 godzin. Zawartd alkaloidow

w wyciggu z lici i todyg siewek oznaczano metpdhromatograficzn Diugi czas oddziatywania
stalego pola magnetycznego spowodowat wzrost ptésukeroksydaciji lipidéw, intensyfikagj
dysmutazy ponadtlenkowej i wzrost aktywniokatalazy w siewkach. Zawafto skopolaminy
zalezy od czasu ekspozycji na dziatanie statego polaneiygznego, czynnik ten jednak nie miat
istotnego wplywu na zawaié atropiny. Rezultaty badazostaly potwierdzone przez wyniki
analizy warianciji.

Stowa kluczowe:Datura stramonium, state pole magnetyczne, peroksydacja lipidowralpaza

ponadtlenkowa, katalaza
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