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Abstract The phytotoxicity of eight dibrominated cinnamic acid derivatives on Phaseolus
vulgaris was evaluated. Plant bioassays are usually used for ecotoxicity assessment and in
the development of new pesticides, but they can also represent simple and inexpensive
screening tools to identify well-tolerated substances before subjecting them to further more
complex in vivo toxicity tests. Bean seeds were cultivated on filter paper impregnated with
different concentrations of active substance (28.6 ug cm?, 57.3 ug cm?, 114.6 ug cm™?) and
the development of the resulting seedlings was analyzed in comparison to a control group.
Three aspects were observed: aspects of roots and seedlings growth, histo-anatomical
changes induced in root tissues and alteration of polyphenols synthetic capacity. In most
experimental cases, the exposure to the tested compounds inhibited the development of both
roots and seedlings. In addition, some substances also caused histo-anatomical changes in
the root tissues of bean seedlings. According to the results of the spectrophotometric
determination, the total polyphenols content decreased after treatment for all the tested
substances in comparison to the control, the reduction being directly proportional to the
concentration of active substance. In conclusion, the experimental data revealed a certain
degree of phytotoxicity for the investigated chemicals.

Keywords Aromatic carboxylic acids, common bean, histo-anatomy, morphology, total polyphenols content.

To cite this article: ITAREANU A, IFRIM C, ZBANCIOC AM, TRIFAN A,
STANESCU U, TATARINGA G. Phytotoxicity evaluation of some dibrominated
cinnamic acid derivatives on Phaseolus vulgaris. Rom Biotechnol Lett. 2019; 24(6): 1015-
1021. DOI: 10.25083/rbl/24.6/1015.1021

04 *Corresponding author: ALEXANDRA JITAREANU, University of Medicine and Pharmacy “Grigore T. Popa”
lasi, Faculty of Pharmacy, Universitatii street no 16, lasi, Romania
E-mail: alexandrarotariu2@yahoo.com



mailto:alexandrarotariu2@yahoo.com

ALEXANDRA JITAREANU et al

Introduction

Cinnamic acids are a group of aromatic carboxylic
acids that can be found naturally in the plant kingdom.
In the last ten years, the interest of researchers on the
cinnamic acid moiety has notably increased. Several
reviews and studies focused on evaluating different
medicinal applications of cinnamic-related molecules:
anticancer, antituberculosis, antimalarial, antifungal, anti-
microbial, antiatherogenic and antioxidant activities
(J.D. GUZMAN [1]).

During our previous research, we synthesized
some cinnamic acid derivatives and their dibrominated
analogues and we evaluated their antimicrobial potential.
As expected, the addition of bromine determined the
increase of the antibacterial and antifungal activity
(A. JITAREANU & al [2], B. NARASIMHAN & al [3]).

Taking into consideration the fact that toxicity
assessment is of great importance for pharmaceutical
substances, we considered necesary to subject the biologi-
cally active substances to a phytobiological screening, in
order to evaluate their influence on living organisms.
For this, we investigated the effects of some non-
brominated cinnamic acid derivatives on Phaseolus
vulgaris, observing the inhibitory effect of the tested
compounds (A. JITAREANU & al [4]).

Although plant bioassays are usually used to assess
the ecotoxicity of different soil and water contaminants
(W-M. LEE & al [5], R. AZMAT & al [6], R. AZMAT &
al [7], Y-J. AN & al [8], G. FISKESJO & al [9]), they can
also provide some useful information about the toxic poten-
tial of a pharmaceutical substance for living organisms

Br

Rs COOH

Br

(G. FISKESJO & al [9]). Therefore, these tests can
represent a screening tool used to identify the well-tolerated
substances that can be subjected to further in vivo tests on
laboratory animals and, finally, to clinical trials on human
subjects. Also, phytobiological tests can be used in the
development of new herbicidal agents (H.P. SINGHA &
al [10]).

The purpose of this paper was to determine the
phytotoxicity of some cinnamic acid dibrominated analogues
and to observe whether bromination of the double bond in
cinnamic acids’ molecules enhances both the antimicrobial
activity and the toxicity of the compounds. There are very
few references regarding the effects of brominated organic
compounds on plants (S. SPAEPEN & al [11]).

Materials and Methods

1. Chemicals

8 dibrominated analogues of cinnamic acid derivatives
were tested: [2,3-dibromo-3-phenylpropanoic acid (l1);
2,3-dibromo-3-(4-methoxyphenyl) propanoic acid (l2);
2,3-dibromo-3-(3,4-dimethoxyphenyl) propanoic acid (l3);
2,3-dibromo-3-p-tolylpropanoic acid (l4); 2,3-dibromo-3-
(4-chlorophenyl) propanoic acid (Is); 2,3-dibromo-3-(3-
bromophenyl) propanoic acid (ls); 2,3-dibromo-3-(3-
bromo-4-hydroxy-5-methoxyphenyl) propanoic acid (I7);
2,3-dibromo-3-(4-hydroxy-3-methoxyphenyl) propanoic
acid (ls)]. The substances were obtained by bromination,
using liquid bromine. The structures of the compounds
(Figure 1) were confirmed by spectral data and quantitative
elemental analysis (A. JITAREANU & al [2]).

I1 Ry =-H; Ry= -H; Ry= -H
12 Ry = -OCH3; Ry= -H; Ry= -H

13 Rl = -OCH3; R2: -OCH3; R3: -H
14 Ry = -CHg: Ry= -H; Ry= -H

I5 R; = -Cl; R,= -H: Rs= -H

16 R;=-H; R,=-Br; Rz=-H

17 Ry = -OH: Ry= -OCHs; Ry= -Br
I8 Ry = -OH; Ry= -OCH3; Rs= -H

Figure 1. Structures of the tested compounds
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2. The Phaseolus toxicity test

The experiments used Phaseolus vulgaris seeds
obtained from an experimental plot located at the research
farm of the University of Agriculture and Veterinary
Medicine lasi. The seeds were sterilized, left in water to
imbibe and placed to germinate between simple filter paper
sheets; only the seeds that had germinated were used in
the test. The toxicity tests were conducted in Petri dishes.
40 bean seeds per dish were placed on an artificial substrate
(Whatman® no.1 circles of filter paper), impregnated with
different dilutions of the tested substances, following the
procedure presented in our previous work (A. JITAREANU
& al [4]). Three active concentrations were tested for each
substance (concentration A —28.6 pg cm?; concentration B —
57.3 pug cm’?; concentration C — 114.6 pug cm?). In the
7" day, the seedlings were separated from the filter paper
and their development was observed in comparison to a
control group, represented by seedlings unexposed to
chemical treatments. The analyzed aspects were: aspects
of roots and seedlings growth, histo-anatomical changes
induced in the meristematic tissue and changes of
polyphenols content (A. JITAREANU & al [4], M. ATAK
& al [12]).

2.1. Aspects of roots and seedlings growth

The seedlings and roots were measured and the
percentages of growth inhibition in comparison to
the control were calculated using the formula:

% Inh = (Control-I) x 100 / Control (for both seedlings
and roots)

2.2. Histo-anatomical study

The histo-anatomical changes induced in the
meristematic tissue of bean roots under the influence
of the synthesized compounds were observed only for
the seedlings exposed to the highest tested concentration
(114.6 ug cm2). The roots were preserved in alcohol 70%
and then transverse sections were manually performed
using the botanic razor. The resulting sections were treated
with Javel water, then colored with ruthenium red and
analyzed in Optika light microscope (G. SERBANESCU-
JTARIU & al [13], A. JITAREANU & al [14],
C. TANASE & al [15]). The photographs were performed
by using a Canon A50 camera.

2.3. Total polyphenols quantification

Polyphenols were extracted from 2g of fresh vegetal
material (shoots) using methanol (50 mL), under reflux
conditions. The determination of total polyphenols was
done using the Folin-Ciocalteu spectrophotometric method

and gallic acid for the calibration curve (A. ITAREANU
& al [4]. C. ANESINI & al [16]).

3. Statistical analysis

The experimental data were processed using the
analysis of variance (ANOVA) for 0.05 and 0.01 significance
levels. All the experiments included three replicates per
treatment.

Results and Discussion

1. Aspects of roots and seedlings growth

The results regarding the treatments’ impact on
seedlings growth are presented in Table 1.

In most cases, the exposure to the investigated
compounds was followed by a reduction in lenght for both
seedlings and roots, the inhibition percentages varying
between 13.40% and 80.69% for seedlings and between
-11.14% and 81.22% for roots. In terms of changes induced
to the growth process, the lowest phytotoxic potential was
exhibited by compound Is (2,3-dibromo-3-(4-hydroxy-3-
methoxyphenyl) propanoic acid), while the highest toxicity
was recorded for lg (2,3-dibromo-3-(3-bromophenyl)
propanoic acid). Similar results were obtained in our
previous study concerning the non-brominated derivatives:
the ferulic acid presented a low phytotoxicity, while for
the 3-bromo-cinnamic acid were registered the highest
percentages of inhibition in both seedling length and root
length. Comparing these results with those obtained for
their non-brominated analogues (A. JITAREANU & al
[4]), there was no indication of phytotoxicity increase
associated with addition of bromine.

The exposure of the seedlings to dibrominated ferulic
acid (Ig) caused a slight stimulation in roots’ growth. Data
presented in other scientific papers usually indicate an
inhibitory effect on plant growth in the presence of ferulic
acid (W.D. DOS SANTOS & al [19]), but there are studies
that also showed that the exposure of plants to low con-
centrations of compounds with phenol groups (polyphenols)
can have a positive effect on roots growth (C. TANASE
& al [15]).

The phytotoxic effect of the chemicals was also
assessed by analysing their impact on the development
of bean seedlings. Seedling growth and development is a
complex phenomenon, controlled by a multitude of factors
(plant hormones, a variety of external or environmental
stimuli) and there is evidence that trans-cinnamic acid
inhibits the activity of auxins and has long been considered
an antiauxin, exhibiting an inhibitory effect on plant
growth (L.M. SRIVASTAVA & al [17], F.P. GARDNER
& al [18]).
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Table 1. Effect of cinnamic acid dibrominated analogues on percentage

of bean seedlings obtained, seedling length and root lenght

C%%Té)ncil;:t?o/n Seedling lenght % Root lenght £ SD % Percentage of bean
+SD (cm) Inh (cm) Inh seedlings obtained (%)
Control 19.84+0.30 - 11.40+0.29 - 87.50
I/ A 12.67+0.27** 36.13 6.07+0.39** 46.75 77.50
1./B 12.06+0.40** 39.21 5.50+0.42** 51.75 70.00
1./ C 11.56+0.25** 41.73 5.53+017** 51.49 47.50
I2/A 13.96+0.13** 29.63 7.26+0.17** 36.31 72.50
1./B 12.68+0.11** 36.08 6.29+0.27** 44.82 62.50
I,/ C 11.55+0.25** 41.78 6.81+0.23** 40.26 47.50
I3/ A 13.76+0.22** 30.64 8.12+0.26** 28.77 75.00
13/B 12.2740.14** 38.15 7.00+0.45** 38.59 52.50
I3/ C 4.47+0.06** 77.46 2.940.09** 74.56 37.50
la/ A 15.60+0.25** 21.37 7.04+0.55** 38.24 87.50
14/ B 13.86+0.14** 30.14 6.62+0.38** 41.92 85.00
ls/ C 10.46+0.18** 47.27 6.11+0.19** 46.40 55.00
Is/ A 12.35+0.31** 37.75 7.84+0.47** 31.22 65.00
Is/B 10.21+0.15** 48.53 6.75+0.28** 40.78 60.00
Is/C 10.77+0.25** 45.71 4.58+0.11** 59.82 62.50
le/ A 12.23+0.18** 38.35 4.62+0.31** 59.47 67.50
ls/B 10.42+0.21** 47.47 3.28+0.26** 71.22 47.50
le /C 3.83+0.06** 80.69 2.14+0.22** 81.22 30.00
17/ A 12.57+0.18** 36.64 7.61+0.49** 33.24 72.50
I-/B 11.2240.21** 43.44 6.07+0.28** 46.75 70.00
I-/C 8.94+0.15** 54,93 4.66+0.35** 59.12 50.00
ls/ A 17.18+0.20* 13.40 12.91+0.83ns -13.24 87.50
Is/B 16.43+0.22* 17.18 12.67+0.35ns -11.14 87.50
Is/C 16.26+0.13* 18.04 12.81+0.65ns -12.36 62.50

Legend: A= 28.6 pg cm?, B=57.3 pg cm?, C=114.6 ng cm?; l1-Ig correspond to the compounds presented in Figure 1.
Values are means + SD for three replicate in each group. Significant differences from control are marked with * (p<0.05)
or ** (p<0.01). ns means not significantly; % Inh = percentage of growth inhibition in comparison to the control (for both

seedlings and roots).

2. Histo-anatomical study

Another parameter investigated was the architecture
of Phaseolus vulgaris roots. Some of the analyzed
substances modified the histo-anatomy of the roots in the
treated seedlings in comparison with the control.

The control plants’ roots presented three regions:
the rhizodermis, cortex and the stele. The rhizodermis
presented numerous root hairs, specialized in absorbing
nutrients. The cortex area was well developed -
a characteristic of young plants’ roots. The central stellar
region was relatively thick, with a tetrarch structure,
presenting 4 poles of xylem, alternating with 4 poles
of phloem. These results are according to those obtained
by V. ZANOSCHI & C. TOMA [20] and A K.M.A.
PRODHAN & S.M.A. BARI [21].

The main differences that appeared in the transverse
sections through the roots of the treated plants were
associated with root hairs formation and changes induced
in the structure of the vascular system (Figure 2).

Compound I7 (2,3-dibromo-3-(3-bromo-4-hydroxy-5-
methoxyphenyl) propanoic acid) stimulated the root hairs’
growth (Figure 2B) in comparison with the chemically
untreated seedlings (Figure 2A”). Similar results were also
obtained by Tanase et al; the exposure of maize seedlings
to small quantities of aqueous extract obtained from the
spruce bark (rich in polyphenolic compounds) determined
a good development of root hairs (C. TANASE & al
[15]). Meanwhile compound Is (2,3-dibromo-3-(3,4-
dimethoxyphenyl) propanoic acid) strongly inhibited the
formation of root hairs (Figure 2C), affecting the absorption
of water and nutrients, which ultimately led to growth
reduction of the seedlings and changes in their morphology.

In the transverse sections on the meristematic region
of seedlings exposed to compound ls (2,3-dibromo-3-(3-
bromophenyl) propanoic acid) a major vascular anomaly
was observed, as a marker of phytotoxicity, the tetrarch
structure of the control was replaced by a pentarch one
(Figure 2D). It is known that the internal anatomy of roots
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may be modified by environmental stress. Previous
works showed that although roots of young cotton plants

normally had tetrarch steles, when growing under nitrogen

or phosphorus deficit they produced triarch or pentarch
steles (H.A. MOONEY & al [22]).

Figure 2. Histo-anatomical changes induced in the meristematic tissue by the tested compounds
(B=l7; C=l3; D= lg) in comparison to the control group (A, A’ = control)
Magnification: x350 (B); x700 (A, A’, C, D)

3. Total polyphenols quantification

According to the results of the spectrophotometric
determination (Table 2), the content of total polyphenols in
bean seedlings decreased after treatment for all the tested
substances in comparison to the control, the reduction
being directly proportional to the concentration of active
substance. In two cases (compounds I3 and lg), at 114.6 pg/cn?,

due to reduced mass of fresh seedlings obtained, the
method used in the other cases could not be applied.
Compound ¢ (dibrominated 3-bromo-cinnamic acid), the
one that exhibited the highest phytotoxic potential, also
inhibited the biosynthesis of polyphenols. A significant
reduction in total polyphenols content was also registered
for compound 17 (dibrominated 5-bromo-ferulic acid).

Table 2. Total polyphenols content of the obtained bean seedlings, after treatment
with cinnamic acid dibrominated derivatives 11-lg

Compound _ ponce_ntration _
(mg gallic acid equivalents GAE 100 g?)

28.6 ug cm? 57.3 pug cm? 114.6 ug cm
l1 75.13+0.92** 71.05+0.46** 61.87+0.89**
I2 84.07+0.57** 62.18+1.49** 57.37+0.58**
I3 86.94+1.25ns 52.22+0.36** -
l4 85.46+0.08* 78.41+0.88** 59.19+1.08**
Is 82.59+0.84** 75.21+0.66** 58.88+0.47**
ls 77.66+1.24** 55.65+0.34** -
Iz 69.67+0.12** 68.02+0.17** 63.39+0.76**
Is 85.34+0.49* 74.75+£1.91** 69.43+0.27**

Control 87.94+0.22

Legend: li-ls correspond to the compounds presented in Fig. 1. Values are means + SD for three replicate in each
group. Significant differences from controls are marked with * (p<0.05) or ** (p<0.01). ns means not significantly.
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The influence of polluants can lead to changes in
plant metabolism, the most common being related to the
accumulation of polyphenolic products. Polyphenols are
a very important class of secondary metabolits in plants
(O.T. OLARU & al [23]). Polyphenols are produced by
plants throughout their development for various reasons:
the defense against microorganisms, insects and herbivores,
availability of nutrients, exposure to ultraviolet radiation or
due to allelopathic interactions. Studies showed that stress
can influence the release of polyphenols from vacuoles as
well as the synthesis of new phenols; these data can support
the premise that these metabolites are major biomarkers
that can be used to highlight the influence of pollutants and
different chemical or physical factors (irradiation) on plants
(M. KOALA & al [24], B.G. BRASILEIRO & al [25],
R.H. ARMON & O. HANNINEN [26], RAICIU D & al
[27], RAICIU D & al [28]). Therefore, we decided to
analyze the biochemical modifications that appeared in
bean seedlings under the influence of the tested chemicals,
because citoxicity is also surely associated with the
alteration of metabolic processes (R. AZMAT & al [7]).

Conclusion

In conclusion, the studied compounds exhibited a
certain degree of phytotoxicity, inhibiting the development
of Phaseolus vulgaris seedlings and the biosynthesis of
polyphenols. The histo-anatomy of the roots in the treated
seedlings was also modified and, in consequence, the toxic
potential of the substances must be further investigated.
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