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Gulcan CINAR and Muhittin DoGgaN*

ABSTRACT:

The physiological and morphological effects of different concentrations of
bisphenol A (BPA) on Moringa oleifera seedlings were determined in this
study. Significant chlorosis and abscission were observed in leaves exposed
to 50 mg/L of BPA. Photosynthetic pigment levels were affected differently by
varying doses of BPA. Although the total carbohydrate content of seedling parts
was increased by BPA, protein content was lowered by it, except in the case of
roots at 1.5 mg/L of BPA. However, it was determined that the content of non-
protein sulphhydryl groups of seedling parts did not change significantly. The
total phenolic content of root tissues showed an insignificant change; however,
it was found that phenolic content increased in the stems and leaves following
application of BPA. The content of hydrogen peroxide (H,0,) in seedling tissues
increased with increasing concentrations of BPA. Statistical analysis indicated
that H,O, content was significantly correlated with malondialdehyde content.
These results clearly show that the application of BPA causes oxidative stress in
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seedling tissues.

INTRODUCTION

Man-made chemicals can cause serious environmental
pollution. Bisphenol A [BPA; 2,2-bis(4-hydroxyphe-
nyl) propane, CAS No. 80-05-7] is unquestionably one
such chemical. As a chemical produced in high volume
worldwide, BPA is mainly used in polycarbonate plas-
tics and epoxy resins. However, it is also used in poly-
ester, polysulphone, polyacrylate resins and flame re-
tardants. Polycarbonates are widely used in food-con-
tacting materials, such as baby-feeding bottles, table-
ware and microwave safe containers. Epoxy resins are
used as a protective coating for some canned food and
beverages and as a coating on metal lids for glass jars
and bottles (WHO/FAO 2009). Although BPA does not
occur naturally, it has been widely distributed in the
environment due to its high production and large con-
sumption volumes (Tsa1 2006), allowing all organisms
to come into contact with the chemical. Even though
most BPA is removed from wastewater, detection in en-
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vironmental samples has still been reported (MUSOLFF
et al. 2010; Xu et al. 2014).

Moringa oleifera Lam. (drumstick tree, horseradish
tree, ben oil tree) is a fast-growing evergreen or decidu-
ous tree with tripinnate leaves and fragile branches, and it
usually grows to a height of 10-12 m.The horseradish tree
is a species native to the Himalayan foothills in Southern
Asia, its range stretching from northeastern Pakistan to
the northern West Bengal state in India and northeast-
ern Bangladesh (TrouP 1921; Nasir & ALl 1972; Ram-
ACHANDRAN et al. 1980; PARROTTA 2001). The vegetative
and generative parts of this valuable tree are used in many
products, such as foodstuffs, cosmetics, newsprint and
textiles (ROLOFF et al. 2009). Furthermore, it is character-
ized by considerable medicinal properties of almost all of
its parts, including the root, leaf, flowers, seed, fruit and
bark, which have been utilised in both indigenous and
modern medicine, with proven effectiveness of several ac-
tive constituents reported in recent studies (ANWAR et al.
2007; FAROOQ et al. 2012).
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An endocrine-disrupting chemical, BPA is an im-
portant industrial raw material. The widespread use of
BPA, its release into the environment and its lack of a
life cycle in nature have increased the risk its becoming
a toxic substance worldwide and have made it a signifi-
cant environmental pollutant. The present investigation
was carried out in order to assess the physiological and
morphological effects of BPA applied in different con-
centrations on M. oleifera seedlings.

MATERIALS AND METHODS

Plant exposure. Seeds of Moringa oleifera (Moringaceae)
were used for the experiment. The seeds were sterilised
with a 5% NaOCI solution for 15 minutes and washed
with distilled water three times. This was followed by
germination in perlite at 24+1°C. After germination,
30-day old M. oleifera seedlings were transferred to 21
plastic vessels (three seedlings per vessel) containing an
aerated nutrient solution (Table 1).

Distilled water was used to prepare the nutrient
solution. The seedlings were grown in a climate cham-
ber (Snijders Scientific, Netherlands) (light/dark regime
of 16/8 h, light level of ~120 pE. m™. s?, temperature
of 24+1°C). They were supplied with 0, 1.5, 17.2 and 50
mg/L of BPA following a seven-day acclimatisation peri-
od. The solutions applied were changed every two days,
and the test solutions were refreshed. The M. oleifera
seedlings were harvested after four days for observation
of toxicity symptoms such as detachment of some leaves
and chlorosis. The seedling roots were washed with dis-
tilled water three times. The roots, stems and leaves were
separated for determination of fresh weight and physio-
logical analyses.

Physiological analyses. Fresh seedling leaves were ho-
mogenised in 80% acetone to determine the content of
photosynthetic pigments. After the supernatants were
separated, the samples were read in a spectrophotom-
eter (CINTRA 202, Australia) at 662, 645 and 450 nm.
Chlorophyll-a (Chl-a), chlorophyll-b (Chl-b) and carot-
enoid levels were calculated according to the methods
of LICHTENTHALER & WELLBURN (1985). The protein
content of seedling parts was determined spectrophoto-
metrically using the Lowry method (LowRry et al. 1951).
The content was estimated using the calibration curve of
BSA (bovine serum albumin). The total soluble carbo-
hydrate content of seedling parts was determined by the
anthrone method (PLumMER 1998). Non-protein sul-
phhydryl content was determined according to Ellman’s
method (ELLMAN 1959). Reduced glutathione (GSH) was
used as a standard. Carbohydrate content was calculated
using the standard glucose curve. The total phenolic con-
tent of seedling parts was determined using Folin-Cio-
calteu reagent according to RATKEVICIUS et al. (2003).
Gallic acid was used as a standard. The level of lipid per-

Table 1. Nutrient composition used in the study (OzTURK et al.
2003).

K,SO, Ca(NO,), KH,PO, MgSO, KCl  Fe-EDTA
088 mM 2.0mM 025mM 1.0mM 01mM 100pM

H,BO, MnSO, ZnSO, CuSO, (NH,)6Mo.0O,,

1.0yM  05pM  1.0uM  02uM 0.02 uM

oxidation was determined by detecting the amount of
malondialdehyde (MDA) using the method proposed by
Zuou (2001). The H,O, content of seedling tissues was
determined according to SERGIEV et al. (1997).

The tolerance indices (TI) of seedling parts were cal-
culated as follows:

- Fresh weight of seedling part treated with BPA

* Fresh weight of seedling part not treated with BPA

Data analysis. All analyses were carried out with three
replicates. The least significant difference (LSD) test was
used to compare the parameters on SPSS 11.0. The Pear-
son correlation coefficient was used to determine the re-
lationship between the data obtained.

RESULTS AND DISCUSSION

According to our observations, there were no toxici-
ty symptoms at 1.5 mg/L of BPA (Fig. 1). On the other
hand, it was determined that other doses of BPA caused
some toxicity symptoms in M. oleifera seedlings. Local
chlorosis was observed at 17.2 mg/L of BPA, especially in
older leaves of the seedlings. The chemical also caused
partial abscission of the leaves. At 17.2 mg/L, there was
a significant decrease in clear primary and secondary
root growth, as well as abnormalities such as fractures
and browning in the secondary roots tips. Significant
chlorosis and abscission were observed in the leaves at
50 mg/L of BPA. Roots exposed to the highest concen-
tration showed toxicity symptoms such as softening and
browning. These toxicity symptoms may have been due
to negative effects of the high BPA concentration on
many physiological and biochemical processes in the
seedlings.

Terrestrial plants can take BPA from the soil via their
roots and transport it to the above-ground parts (Naka-
JIMA et al. 2004). This suggests the potential of BPA to
affect growth. In the present study, BPA had a different
effect on the growth of M. oleifera seedlings depending
on the concentrations applied. The fresh weights of roots
increased by 117.3% (p < 0.05) and 17.7% (p > 0.05) at
1.5 and 17.2 mg/L of BPA, respectively, but decreased by
24.9% (p < 0.05) at 50 mg/L (Fig. 2A). The fresh weight
of stems increased insignificantly at 1.5 mg/L of BPA (p
> 0.05). In contrast, stem weights at 17.2 and 50 mg/L of
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Fig. 1. Growth of M. oleifera seedlings after BPA applications.

BPA decreased by 17.8% (p > 0.05) and 45.8% (p < 0.05),
respectively, when compared to the control. Similarly,
the fresh weights of leaves increased at concentrations of
1.5 and 17.2 mg/L of BPA, while at 50 mg/L of BPA they
decreased by 43.6% (p < 0.05). According to calculations
of the the tolerance index, high BPA application clearly
had a negative effect on the growth of seedlings (Fig. 2B).
In agreement with our findings, high BPA concentra-
tions were found to inhibit growth in tomatoes (Solanum
lycopersicum L.), durum wheat (Triticum durum Dest.),
broad beans (Vicia faba L.) and lettuce (Lactuca sativa
L.) (FERRARA et al. 2006). There are also studies showing
that low BPA doses promote the growth of soybean [Gly-
cine max (L.) Merr.], rice (Oryza sativa L.) and carrot
(Daucus carota L.) seedlings (TEROUCHI et al. 2004; Q1u
et al. 2013; A11 et al. 2016), as seen in our study.
Photosynthesis is the most important process for
plants. The application of BPA, like many stress factors,
may cause changes in photosynthesis and content of
photosynthetic pigments (J1ao et al. 2015, 2017). RAPALA
et al. (2017) reported decreasing content of chlorophyll
and carotenoids in Arabidopsis thaliana at high concen-
trations of BPA (25 and 50 mg/L). That said, low doses
of BPA (up to 5 mg/L) had no negative effects on pho-
tosynthetic pigment content. The content of photosyn-
thetic pigments in M. oleifera leaves and their statistical
evaluations are shown in Fig. 3. The content of Chl-a at
1.5, 17.2 and 50 mg/L BPA was found to be decreased
by 6.82% (p > 0.05), 13.24% (p > 0.05) and 35.15% (p <
0.05), respectively, when compared to the control. Simi-
larly, Chl-b content decreased by up to 4.20% (p > 0.05).
Carotenoid content insignificantly increased by 2.48%
at 1.5 mg/L of BPA (p > 0.05). In contrast, the content
decreased by up to 41.88% (p < 0.05) at 50 mg/L of BPA.
Quvu et al. (2013) suggested that the reduction of Chl with
BPA application may be due to the peroxidation of chlo-
roplast membrane lipids. According to correlation anal-
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Fig. 2. Effects of BPA on growth of M. oleifera seedlings and
their statistical evaluation. The control had only a 10% nutrient
solution. Bars indicate the mean of three replicates. Means with
different letters are significantly different from one another ac-
cording to the LSD test (p < 0.05).
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Fig. 3. Effects of BPA on content of photosynthetic pigments in
M. oleifera seedlings and their statistical evaluation. The control
had only a 10% nutrient solution. Bars indicate the mean of three
replicates. Means with different letters are significantly different
from one another according to the LSD test (p < 0.05).

ysis, there was a negative relationship between the con-
tent of MDA and photosynthetic pigments (r = -0.837 at
p <0.01 for Chl-a, r =-0.156 at p > 0.05 for Chl-band r =
-0.809 at p < 0.01 for carotenoids). In addition, negative
correlations were discerned between the content of H,0,
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Fig. 4. Effects of BPA on protein content (A), total carbonhydrate content (B), content of non-protein sulphhydryl groups (C), total
phenolic content (D), content of hydrogen peroxide (E) and that of MDA (F) in M. oleifera seedlings and their statistical evaluation.
The control had only a 10% nutrient solution. Bars indicate the mean of three replicates. Means with different letters are significantly

different from one another according to the LSD test (p < 0.05).

and photosynthetic pigments (r = -0.611 at p < 0.05 for
Chl-a, r = -0.108 at p > 0.05 for Chl-b and r = -0.541 at
p < 0.05 for carotenoids), which suggests that oxidative
stress induced by BPA accelerates the peroxidation of
chloroplast membrane lipids and leads to their decrease.

The protein content of the M. oleifera seedling parts
and their statistical evaluations are presented in Fig. 4A.
Protein content was decreased by the tested BPA doses,
except in the case of 1.5 mg/L of BPA in the roots. The
maximum decreases in root, stem and leaf tissues were
calculated at 50 mg/L of BPA as 35.83, 26.30 and 18.02%
(p < 0.05), respectively. Regression analysis showed that
there was a negative relationship between protein con-
tent and H,O, content (r =-0.530 at p > 0.05 for roots, r
=-0,604 at p < 0.05 for stems and r = -0.624 at p < 0.05

for leaves). Previous studies have shown that reactive ox-
ygen species (ROS) are responsible for the destruction
of proteins (HALLIWELL 1987; DOGAN et al. 2010, 2012;
RAPALA et al. 2017). It follows that ROS produced due to
BPA in M. oleifera tissues caused oxidative stress result-
ing in the reduction of protein content.

It was determined that the total carbohydrate con-
tent of seedling parts was increased by the application of
BPA (Fig. 4B). While the carbohydrate content of roots
was significantly increased at 17.2 and 50 mg/L of BPA (p
< 0.05), these increases were insignificant in the case of
stems (p > 0.05). The total carbohydrate content of leaves
increased insignificantly at 1.5 mg/L as well (p > 0.05).
In contrast, it decreased by up to 26.97% at 50 mg/L (p
< 0.05). There was a positive correlation between H,O,



content and carbohydrate content for root and stem tis-
sues (r = 0.397 at p > 0.05 for roots and r = 0.364 at p >
0.05 for stems). The findings clearly indicate that carbo-
hydrates may play an important role in the response to
BPA toxicity. However, a negative relationship between
H,0, and carbohydrate content in the leaves (r = -0.402
at p > 0.05) suggests that other mechanisms may play a
role in that response.

Most of the non-protein sulphhydryl (SH) groups in
plants form glutathione (GSH) (GRILL et al. 1979). Under
stress, GSH, a thiol-containing tripeptide, can scavenge
ROS and reduce ROS-induced injury in plants (GILL &
TuTeja 2010). The levels of non-protein sulphhydryl
groupsare shown in Fig. 4C. It can be seen that the levels
in roots and stems underwent insignificant reductions (p
> 0.05). In contrast, the content non-protein sulphhydryl
groups in leaves increased at 1.5 and 17.2 mg/L of BPA (p
> 0.05) and reached the control level at 50 mg/L (p > 0.05).
Regression analysis showed that there was a negative cor-
relation between the content of non-protein SH groups
and that of H O, (r = -0.170 at p > 0.05 for roots, r = -0.516
at p < 0.05 for stems and r = -0.165 at p > 0.05 for leaves).
This may be due to oxidative stress. It can be concluded
that ROS are scavenged by antioxidant mechanisms other
than non-protein sulphhydryl groups.

Phenolic compounds play an important role in the re-
sponse to many stress factors (DoGAN & GULTEKIN 2017;
DoGaN & DEMIRORS SAYGIDEGER 2018). The total phe-
nolic content of root tissues showed no significant change
with the application of BPA (p > 0.05) (Fig. 4D). Regres-
sion analysis showed that there was an insignificant and
negative correlation between H,O, and total phenolic
content in the roots (r = -0.266 at p > 0.054). The content
in stems at 1.5, 17.2 and 50 mg/L BPA increased by 63.67%
(p < 0.05), 33.20% (p > 0.05) and 18.40% (p > 0.05), re-
spectively, when compared to the control. The content in
leaf tissues increased at up to 17.2 mg/L of BPA (p < 0.05),
but decreased at 50 mg/L (p > 0.05). In addition, positive
correlations were discerned between H,O, and total phe-
nolic content (r = 0.290 at p > 0.05 for stems and r = 0.431
at p > 0.05 for leaves). The BPA-induced increase in the
compounds represented another defensive mechanism
against oxidative stress in stems and leaves. Decrease in
the amount of phenolic compounds may have been caused
by peroxidases and phenol oxidases (THYPYAPONG et al.
1995). These enzymes have been found to exhibit activity
increases in many stressful situations (Kwak et al. 1996;
Ruiz et al. 1998). Increase in their activity may also be
a cause of the decrease in the amount of phenolic com-
pounds under BPA stress.

Oxidative stress is very serious because it promotes
cell death and causes a wide range of disorders as a
pathophysiological condition (MELCHIORRI ef al. 1996).
As reported in the vast majority of studies, ROS produc-
tion appears as a common consequence of exposure to
BPA (BiNpHUMOL et al. 2003; CHITRA et al. 2003; Do-
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GAN et al. 2010, 2012). It was therefore concluded that the
levels of H O, in parts of M. oleifera seedlings confirm
that ROS were involved in the oxidative stress caused by
BPA. The hydrogen peroxide content of seedling tissues
increased with increasing BPA concentrations (Fig. 4D).
The maximum increase in content of H O, was found in
root, stem and leaf tissues exposed to 50 mg/L of BPA,
in which its values were 2.16, 4.12 and 2.35 times higher
than in their respective controls (p < 0.05). Similar to the
situation with H,O, levels, those of lipid peroxidation
increased with increasing BPA concentrations (Fig. 4E).
Lipid peroxidation refers to the oxidative degradation
of lipids, and MDA is one of the preferred biomarkers
of this (DOGAN et al. 2010). The maximum increases in
MDA content were determined in roots, stems and leaves
exposed to 50 mg/L of BPA, in which MDA levels were
respectively 18.37, 18.76 and 21.54 times higher than in
their respective controls (p < 0.05) (Fig. 4F). Regression
analysis showed that there was a significant and positive
correlation between MDA content and that of H O, (r =
0.576 at p < 0.05 for roots, r = 0.772 at p < 0.01 for stems
and r = 0.644 at p < 0.05 for leaves). Thus, the application
of BPA was clearly shown to cause lipid peroxidation by
inducing oxidative stress.

CONCLUSION

The aim of this study was to determine the effects of dif-
ferent concentrations of BPA on M. oleifera seedlings.
Dose-dependent changes were found in the physiolog-
ical parameters examined. While a low concentration
of BPA had positive effects on growth of the seedlings,
a high concentration was found to be toxic. In other
words, BPA was found to have a biphasic effect. The tol-
erance indexes confirmed this situation as well. On the
other hand, the correlation was found to be positive be-
tween content of H O, and that of MDA in all tissues
examined. The findings clearly indicate that BPA has a
potential to induce oxidative stress. Although there are a
number of studies dealing with the effects of BPA on hu-
mans, animals, aquatic life and aquatic organisms, there
has been a limited amount of research into its effect on
terrestrial plants. Moreover, no study has investigated
the effects of BPA on M. oleifera. In this context, our
findings may prove to be a stimulus for similar studies.

REFERENCES

AL1 ], Liu B, FARooQ MA, IsLaM F, AZIZULLAH A,
Yu C, Su W & GaN Y. 2016. Toxicological effects of
bisphenol A on growth and antioxidant defense system
in Oryza sativa as revealed by ultrastructure analysis.
Ecotoxicology and Environmental Safety 124: 277-284.

ANWARF, LATIF S, ASHRAF M & GiLAaNI AH. 2007.
Moringa oleifera: A food plant with multiple
medicinal uses. Phytotherapy Research 21: 17-25.

187



| Botanica SERBICA vol. 44 (2)

BinpHUMOL V, CHITRA KC & MATHUR PP. 2003.
Bisphenol A induces reactive oxygen species generation
in the liver of male rats. Toxicology 188: 117-124.

CHITRA KC, LATCHOUMYCANDANE C & MATHU PP.
2003. Induction of oxidative stress by bisphenol A in
the epididymal sperm of rats. Toxicology 185: 119-127.

DoGAN M & DEMIRORS SAYGIDEGER S. 2018.
Pysiological effects of NaCl on Ceratophyllum
demersum L., a submerged rootless aquatic
macrophyte. Iranian Journal of Fisheries Sciences 17:
346-356.

DocaN M & GuLTEKIN E. 2017. Effects of single
and combined applications of chromium and
clarithromycin on wheat seedlings. Fresenius
Environmental Bulletin 26: 1154-1162.

DoGgaN M, KorkuNc M & YumRruTas O. 2012. Effects
of bisphenol A and tetrabromobisphenol A on bread
and durum wheat varieties. Ekoloji 21: 114-122.

DoGgaN M, YUMRUTAS O, SAYGIDEGER S, KORKUNC M,
GuLNaz O & SOKMEN A. 2010. Effects of bisphenol
A and tetrabromobisphenol A on chickpea roots in
germination stage. American-Eurasian Journal of
Agricultural & Environmental Sciences 9: 186-192.

ELLMAN GL. 1959. Tissue sulthydryl groups. Archives of
Biochemistry and Biophysics 82: 70-77.

FArRo0Q F, Ra1 M, TiwaRI A, KHAN AA & FAR0OOQ S.
2012. Medicinal properties of Moringa oleifera: An
overview of promising healer. Journal of Medicinal
Plants Research 6(27): 4368—4374.

FERRARA G, LOFFREDO E & SENESI N. 2006.
Phytotoxic, clastogenic and bio-accumulation effects
of the environmental endocrine disruptor bisphenol
A in various crops grown hydroponically. Planta 223:
910-916.

GILL SS & TuTgja N. 2010. Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry 48:
909-930.

GRILL D, ESTERBAUER H & KrOscH U. 1979. Effect of
sulphur dioxide on glutathione in leaves of plants.
Environmental Pollution 19: 187-194.

HarriweLL B. 1987. Oxidative damage, lipid peroxidation
and antioxidant protection in chloroplasts. Chemistry
and Physics of Lipids 44: 327-340.

Jiao L, DiNnG H, WANG L, ZaoU Q & Huanc X. 2017.
Bisphenol A effects on the chlorophyll contents in
soybean at different growth stages. Environmental
Pollution 223: 426—434.

Jiao L, WaNG L, Q1u Z, WANG Q, ZHoU Q & HuaNG X.
2015. Effects of bisphenol A on chlorophyll synthesis
in soybean seedlings. Environmental Science and
Pollution Research 22: 5877-5886.

Kwak SS, Kim SK, Park IJ & Lurt JR. 1996.
Enhancement of peroxidase activity by stress related
chemicals in sweet potato. Phytochemistry 43:
565-568.

LicHTENTHALER HK & WELLBURN AR. 1985.
Determination of total carotenoids and chlorophylls a
and b of leaf in different solvents. Biochemical Society
Transactions 11: 591-592.

Lowry OH, RoseBROUGH NJ, FARR AL & RANDALL
RJ. 1951. Protein measurement with the folin phenol
reagent. Journal of Biological Chemistry 193: 265-275.

MELCHIORRI D, REITER R], SEWERYNEK E, HARA
M, CHEN L & NisTIiCcO G. 1996. Paraquat toxicity
and oxidative damage: Reduction by melatonin.
Biochemical Pharmacology 51: 1095-1099.

MUSOLFF A, LESCHIK S, REINSTORE F, STRAUCH G
& SCHIRMER M. 2010. Micro pollutant loads in
the urban water cycle. Environmental Science &
Technology 44: 4877-4883.

NakAJIMA N, OsHIMA Y, EDMONDS JS & MoORITA M.
2004. Glycosylation of bisphenol A by tobacco BY-2
cells. Phytochemistry 65: 1383—1387.

Nasir E & A1 SI. 1972. Flora of West Pakistan: an
annotated catalogue of the vascular plants of West
Pakistan and Kashmir. Fakhri Printing Press, Karachi.

OzTURK L, EXKER S, OzkuTLU F & Cakmaxk 1. 2003.
Effect of cadmium on growth and concentrations of
cadmium, ascorbic acid and sulphydryl groups in
durum wheat cultivars. Turkish Journal of Agriculture
and Forestry 27: 161-168.

PARROTTA JA. 2001. Healing plants of Peninsular India.
CABI Publishing, Wallingford, New York.

PruMmMER DT. 1998. An introduction to practical
biochemistry 3* ed. Tata McGraw-Hill Publishing
Company Ltd., New Delhi.

Qiu Z, WanG L & ZHou Q. 2013. Effects of bisphenol
A on growth, photosynthesis and chlorophyll
fluorescence in above-ground organs of soybean
seedlings. Chemosphere 90: 1274-1280.

RAMACHANDRAN C, PETER KV & GOPALAKRISHNAN
PK. 1980. Drumstick (Moringa oleifera) a
multipurpose Indian vegetable. Economic Botany 34:
276-283.

Raprara M, Prucinski B & JEDYNAK P. 2017. The effect
of bisphenol A on growth, pigment composition and
photosystem II activity of Arabidopsis thaliana. Acta
Biochimica Polonica 64: 407—-413.

RAaTkEVICIUS N, CORREA JA & MOENNE A. 2003.
Copper accumulation, synthesis of ascorbate and
activation of ascorbate peroxidase in Enteromorpha
compressa (L.) Grev. (Chlorophyta) from heavy metal-
enriched environments in northern Chile. Plant, Cell
& Environment 26: 1599-1608.

RoLorF A, WEISGERBER H, LaANG H & StimM B.

2009. Moringa oleifera Lam., 1785; Enzyklopdidie der
Holzgewdchse. Weinheim.

Ruiz JM, BRETONES G, BAGHOUR M, RAGALA L,
BELAKBIR A & RoOMERO L. 1998. Relationship
between boron and phenolic metabolism in tobacco
leaves. Phytochemistry 48: 269-272.



SERGIEV L, ALEXIEVA E & KaraNoV E. 1997. Effect of
spermine, atrazine and combination between them
on some endogenous protective systems and markers
in plants. Comptes Rendus de ’Académie Bulgare Des
Sciences 51: 121-124.

TeroucHI N, TaAkaNo K, NAkaMURA Y, ENOMOTO
K, Hosova N & NisHINARI N. 2004. Bisphenol A

stimulates growth and shoot differentiation in plants.

Plant Biotechnology 21: 307-308.

THYPYAPONG P, HUNT MD & STEFFENS JC. 1995.
Systemic wound induction of potato (Solanum
tuberosum) polyphenol oxidase. Phytochemistry 40:
673-676.

Troup RS. 1921. The silviculture of Indian trees.
Clarendon Press, Oxford.

Tsa1 WT. 2006. Human health risk on environmental
exposure to bisphenol-A: A review. Journal of
Environmental Science & Health Part C24: 225-255.

G. Cinar and M. Dogan: Physiological response of Moringa oleifera |

WHO/FAO 2009. Bisphenol A (BPA) - Current state

of knowledge and future actions by WHO and FAO.
INFOSAN Information Note No. 5/2009.

Xu W, YAN W, Huang W, M1ao L & ZHoNG L. 2014.

Endocrine disrupting chemicals in the Pearl River
Delta and coastal environment: sources, transfer,
and implications. Environmental Geochemistry and
Health 36: 1095-1104.

Zuou Q. 2001. The measurement of malondialdehyde in

plants. In: ZHoU Q (ed.), Methods in Plant Physiology,
pp- 173-174, China Agricultural Press.

Botanica

REZIME

SERBICA

Fizioloski odgovor vrste Moringa oleifera izlozene bisfenolu A

Gulcan CiNAR i Muhittin DoGAN

U ovoj studiji su utvrdeni fizioloski i morfoloski efekti razli¢itih koncentracija bisfenola A (BPA) na klijance Moringa oleifera. Primece-
na je znacajna hloroza i apscisija listova izloZenih 50 mg / L BPA. Na sadrzaje fotosintetskih pigmenata razli¢ito su uticale razli¢ite doze
BPA. Iako je ukupni sadrzaj ugljenih hidrata u klijancima poveéan zbog BPA, sadrzaj proteina je smanjen, izuzev u korenu na 1,5 mg/L
BPA. Medutim, utvrdeno je da se sadrzaj proteinskih sulthidrilnih grupa u delovima klijanaca nije znac¢ajno promenio. Ukupni fenol-
ni sadrzaj korenskog tkiva pokazao je beznac¢ajnu promenu; medutim, utvrdeno je da se sadrzaj povecao u stabljici i listovima nakon
primene BPA. Sadrzaj vodonik peroksida (H,0,) u tkivima klijanaca je porastao sa pove¢anjem koncentracije BPA. Prema statistickim
analizama, sadrzaj H,O, je znacajno korelisan sa sadrzajem malondialdehida. Ovi rezultati jasno pokazuju da primena BPA uzrokuje

oksidativni stres u tkivima klijanaca.

KLJjUCNE RECI: bisphenol A, Moringa oleifera, rast, fizioloski efekat
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