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Abstract. The Triticum aestivum root elongation test can be
used as a simple and effective method for the identification of
novel potential anti‑proliferative agents. The employment of
this method is based on the fact that a significant number of
oncogenic signal transduction pathways are highly conserved
in living organisms. Moreover, the use of phytobiological
assays has several advantages, such as rapid outcomes, simple
procedure and reduced costs. Previous studies have demonstrated that ultrasound exposure can have lethal effects on small
organisms, medium and high frequency exposure, leading to
cell destruction. In the present study, the effects of ultrasound
exposure on the radicular length of Triticum caryopses were
analyzed as a potential tool for further experimentation using
ultrasounds as a stress model in phytobiological tests. The
influence of the exposure time was determined at different
intervals and was proven to exert significant effects. Short
intervals of <5 min produced no statistically significant
effects on root elongation, and the maximum of inhibition
was achieved following 30 min of exposure. The experimental
results highlighted that the inhibitory effect of ultrasound
irradiation was lower following 15 min of exposure than
after a shorter interval of 10 min, emphasizing a complex,
non‑linear biological response. On the whole, the findings of
this study indicated a complex mechanism for the inhibition of
the radicular growth by ultrasound exposure. The ultrasound
exposure of Triticum seeds may be used as a tool to either
assess the effects of toxic agents following an increase in cell
permeability, or to examine the synergistic action between
ultrasounds and exposure to chemical mixtures that can
promote physiological disruptions.
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Introduction
The inhibition of the root growth and the observation of
the cytological parameters is a simple, and yet efficient
method to evaluate new potential anticancer agents and can
provide useful information about the genotoxicity risks (1).
The Triticum root elongation test can be used to detect new
compounds with anti‑proliferative effects on cancer cells,
particularly those compounds targeting tubulin and may
be an effective tool with which to identify novel spindle
inhibitors (2). The use of phytobiological tests has major
advantages, such as a more rapid outcome, a simplified operative procedure and lower costs (3). Similar phytobiological
tests are successfully used to evaluate the environmental
effects in contaminated soils and wastewater caused by
specific substances (4‑6).
Ultrasounds are sound waves with frequencies higher
than the upper audible limit of human hearing used for a
wide range of applications. Over the years, it has been
demonstrated that ultrasound exposure can have lethal
effects on small organisms. The mechanism of cell destruction is mainly due to cavitated air bubbles and by heating,
particularly at medium and high frequencies (7). Wells
demonstrated the existence of a threshold level of ultrasound
power below which the ultrasonic exposure of the planktonic
crustacean Daphnia magna has no significant effect on their
survival and of a second threshold level below which the
mortality of Daphnia is only thermal and no mechanical
damage can be observed (8). The acute lethality of ultrasound exposure on Daphnia has been demonstrated, with
higher frequencies exerting a more potent effect than lower
frequencies (9).
The use of ultrasound enhances the germination of certain
seeds by the activation of various enzymes activity; however,
to the best of our knowledge, no studies to date have been
performed on the effects of root length. Ultrasound treatments
have been reported to stimulate germination in different types
of plants, such as Panicum virgatum (10), Zea mays (11),
Sorghum bicolor (12) or Phaseolus vulgaris (13)
A major impediment of the bioassays involving plant
cells is the low penetration of cell wall by the test substances,
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a process that could be facilitated by ultrasound irradiation.
In the present study, the influence of the ultrasound exposure time to Triticum aestivum germination was evaluated,
in order to determine whether this method may be used in
conjunction with chemical compounds in the Triticum assay
as a tool for the identification of novel anti‑proliferative
agents.
Materials and methods
The wheat caryopses (S.C.Adaflor S.R.L.) used were
pre‑soaked in distilled water for 24 h prior to the experiment.
Ultrasonication was carried out using a working frequency
of 37 kHz (ElmaSonic S15H; Elma Schmidbauer GmbH).
Groups containing 20 caryopses were exposed to a single
continuous wave of ultrasounds for periods of 1, 3, 5, 10, 15,
30 and 60 min. The experiments were performed at room
temperature. Following exposure, the caryopses were incubated for 24 h at 25˚C in the absence of light in a climatic
room chamber (Sanyo MLR351H; Sanyo). A negative control
(untreated WITH ultrasound) was also prepared. The germination of the root was monitored and the embryonic radicle
length was measured using application ImageJ version 1.46r
(Wayne Rasband National Institutes of Health). The values of
root length were expressed in mm.
Each determination was performed in triplicate. The
inhibitory effect (Efi%) was calculated using the following
formula:
Efi% = 100 - S
__x 100		
C

(1)

where: S is the sample average of the root length (mm),
C is control sample average of the root length (mm); and 100
indicates the results expressed as a percentage.
The distribution of the results (D'Agostino‑Pearson
normality test), statistically significant differences between
replicates and samples (Kruskal‑Wallis followed by Dunn's
multiple comparison post hoc test) and the inhibitory effects
vs. the logarithm of exposure time (least square method) were
calculated using GraphPad Prism v.5.0 software (GraphPad
Software). The statistical significance threshold was set
to α = 0.05 for both distribution and comparison tests and
a P‑value <0.05 was considered to indicate a statistically
significant difference. All analysis were performed against the
negative control.
Results
The exposure of the wheat caryopses to the 37 kHz constant
ultrasounds irradiation produced an inhibitory effect
depending on the exposure interval time. No statistical differences were registered between the lengths of the roots between
replicates. The results of the D'Agostino‑Pearson normality
test, the mean values of each 20 seedlings root lengths, and the
inhibitory effect are presented in Table I.
No statistically significant differences were registered
between the samples exposed for 1 and 3 min and the negative
control. Beginning with the 5‑min exposure time, all results
are statistically significant when compared with the negative
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control. An ultrasound exposure of up to 3 min can be used in
the Triticum assay in conjunction with chemical compounds
or plant extracts to improve their aqueous solubility, and therefore the cell permeability (14).
The distribution of each seedling root length value is
represented in Fig. 1. The values obtained exhibited both a
Gaussian and non‑Gaussian distribution. Thus, the results
were compared using the Kruskal‑Wallis test, followed by
Dunn's multiple comparison post hoc test.
A graphical representation of the inhibitory effects
depending on the period of exposure is represented in Fig. 2.
When a longer exposure time was used, physical or chemical
damage occured caused by the pressure induced by the ultrasonic wave.
The resulted curve has an unexpected alternating, serrated
shape. These phenomena may be explained by the large confidence intervals of the calculated mean or it may be caused by
a complex biologic interaction. The most probable hypothesis
is that the observed inhibitory effect is a sum of multiple
opposing effects with different kinetics, the inhibitory effect
being higher than the stimulatory one. The results are similar
with those obtained by previous research on germination rates;
ultrasound treatments >5 min had a negative impact on pepper
germination rates. The same study indicated that ultrasound
treatment increased the germination rates for chickpeas,
wheat and watermelon seeds (15). A prolonged treatment time
(≥7 min) increased the percentage of destroyed embryos of
seeds, which leads to decreased germination rates in Calanthe
hybrids (16).
Short sonication (3 min) had no significant effect on
germination compared to the control, although ≥5 min sonication treatments led to a decline in germination. The inhibitory
effect exceeded 50% following 10 min of exposure and was
maximum at 30 and 60 min, with no statistically significant
differences between these time points. The exposure time
of 30 min was sufficient for a total inhibitory effect. Similar
to the IC50 value, a 50% inhibitory period of exposure was
calculated by interpolation on inhibitory effect vs. logarithm
of period of exposure curve (Fig. 3). The obtained value
was 9.48 min with a 95% confidence interval ranging from
5.30 to 16.98 min.
Discussion
Cytological assessments and root growth inhibition measurements are practical methods for assessing the biological
activity of novel antineoplastic agents and acute toxicity in
preliminary non‑clinical studies (2,17).
Exposure to ultrasound waves has been shown to have
a negative impact on cell survival in small organisms (7).
However, previous studies have highlighted that ultrasound irradiation enhances germination in several plant
species (10,18). Furthermore, ultrasonication can be used to
increase cell wall permeability, as a means of removing one
of the phytobiological assays limitations, facilitating the diffusion of the investigating compounds.
This study aimed to assess the outcomes of different time
intervals of exposure with regard to the possible applications
of ultrasound irradiation in the Triticum bioassay. Wheat caryopses were exposed to a 37 kHz constant ultrasound waves
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Table I. Results of the Triticum test.
D'Agostino‑Pearson normality test
Time of determination (min)
1
3
5
10
15
30
60
Control

Replicate
S1.1
S1.2
S1.3
S3.1
S3.2
S3.3
S5.1
S5.2
S5.3
S10.1
S10.2
S10.3
S15.1
S15.2
S15.3
S30.1
S30.2
S30.3
S60.1
S60.2
S60.3
C1
C2
C3

-------------------------------------------------------------------------

P‑value

Passed normality test

Mean (mm)

Standard deviation

Efi%

0.1344
0.0825
0.4196
0.0017
0.0086
0.1524
0.0012
0.0582
0.1327
0.0221
0.0941
0.0408
0.122
0.1734
0.3571
0.0545
<0.0001
0.0009
<0.0001
<0.0001
<0.0001
<0.0001
0.0002
0.5268

Yes
Yes
Yes
No
No
Yes
No
Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
Yes

9.08
10.01
9.02
10.22
9.37
8.89
5.56
7.63
4.66
4.76
3.74
4.56
6.18
5.87
5.83
0.40
1.21
1.71
1.50
1.26
0.77
10.47
10.08
11.20

3.20
3.69
3.53
3.64
2.63
3.36
3.91
3.46
3.87
3.82
3.79
3.47
3.17
3.40
3.62
0.66
2.50
2.90
2.82
2.35
1.81
3.21
3.17
2.29

11.47

and the embryonic radicle length was measured following 24 h
of incubation. This frequency was selected as the majority of
laboratory ultrasound baths operate in the 35‑40 kHz range. A
time‑dependent inhibition of root development was observed,
with the mean length of the radicle being statistically significantly different from the negative control only after 5 min of
ultrasound exposure.
The serrated shaped of root length ‑ inhibitory effect over
time curve indicated that the inhibitory effect of ultrasound
irradiation was lower following 15 min of exposure than after a
shorter interval of 10 min, emphasizing a complex, non‑linear
biological response, probably caused by a perturbation of a
complex balance between the kinetics of inhibitory and stimulatory mechanisms. Moreover, ultrasound irradiation of wheat
caryopses registered a plateau effect after 30 min, the inhibitory effect (Efi%) being maximal and approximately constant
at both the 30 and 60 min time intervals. Similar studies
have demonstrated that ultrasound exposure of at least 5 min
decreases pepper germination rates, while ultrasonication
>7 min negatively affects Calanthe hybrids embryos (15,16).
The interpolation of the inhibitory effect‑logarithm of period
of exposure curve yielded a 50% inhibitory period of ultrasonic exposure of 9.49 min.
Considering there was no significant impact recorder on
germination rates after 1 and 3 min of ultrasonic irradiation,

10.31
43.76
58.88
43.69
89.53
88.88
‑

it can be considered that an ultrasound exposure of ≤3 min of
Triticum aestivum seeds opportune for increasing solubility
and cell permeation of novel antineoplastic candidates for
preliminary phytobiological assays of anti‑proliferative
properties.
High‑intensity focused ultrasounds are used in humans
in a non‑invasive manner for therapeutic purposes, surgery
and enhanced delivery of chemotherapy and biologic drugs
and can generate side effects at different levels (lungs,
intestines, urinary tract, heart etc.) (19). Moreover, a new
paradigm has emerged stating that real‑life risk simulations
of toxicological effects in humans should take into account
long‑term exposure with mixtures of synergistic chemicals at
low doses (20‑22). Several studies already showed the health
risks ofter combined exposure to mixtures of xenobiotics after
long‑term, even if the doses for individual chemicals in the
mixture are considered safe (23‑27). High‑intensity focused
ultrasounds are used in association with other chemicals and
this association in real‑life cases can lead to unpredictive
toxic effects that should be investigated. Thus, the ultrasound
exposure of Triticum seeds may be used as a tool to either
assess the effects of toxic agents after cell permeability
increase, or to examine the synergistic action between ultrasounds and exposure to chemical mixtures that can promote
physiological disruptions.
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Figure 1. Distribution ‑ root length histograms of (A) negative control and samples exposed to ultrasounds for (B) 1 min, (C) 3 min, (D) 5 min, (E) 10 min,
(F) 15 min, (G) 30 min and (H) 60 min.

Figure 2. Influence of time of ultrasound irradiation on radicle development
inhibition. Efi%, inhibitory effect as a percentage. Statistical significance is
indicates as follows: ns, not significant (P>0.05); ***P<0.001 significant.

Figure 3. Inhibitory effect of ultrasound exposure dependent on time. Efi%,
inhibitory effect as a percentage. Statistical significance is indicates as
follows: ns, not significant (P>0.05); ***P<0.001 significant.
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In conclusion, the present study evaluated the influence of
ultrasounds on the length of the root using Triticum bioassay.
The results indicated a significant inhibitory effect of ultrasounds following 5 min and no differences in the ultrasonic
treatment performed for ≤3 min. The increase in solubility
for the plant extracts using short ultrasound irradiation may
prove to be a tool in future research for the identification
of potential anticancer agents and for the assessment of
the synergistic action between longer exposure times and
chemical mixtures.
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