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RESUMO: “Atividade alelopatica de micropropagado Hyssopus officinalis L. infusios
aquosos”. Os habitats naturais de Hyssopus officinalis L. (Lamiaceae) na Bulgaria ndo sdo suficientes
para satisfazer as necessidades desta erva. A micropropagacao poderia ser usada para obter plantas
com caracteristicas desejaveis. Hyssopus ¢ uma planta aromatica medicinal que nio foi estudada
muito. Recentemente plantas aromaticas foram investigadas como potentes plantas alelopaticas.
A determinagdo dos modos da agdo de aleloquimicos ¢ um dos aspectos desafiantes em estudos
alelopaticos. O objetivo deste estudo foi determinar a atividade alelopatica de micropropagado
Hyssopus officinalis L. infusdos aquosos. Foi avaliada a influéncia de infusdes quentes e frias feito
de partes aéreas de hyssopus sob condi¢des de laboratério. Com este proposito nds testou os efeitos
de infusdes em germinagdo e alongamento de raiz de Cucumis sativus L. e Triticum aestivum L.
Determinamos também o efeito na atividade mitdtica usando os Allium cepa L. teste de aberragao
cromossomica. Os resultados demonstraram a presenga de compostos alelopaticos soliiveis de agua
em tecido de hyssopus. As infusdes exibiram o efeito depressivo do crescimento que era mais
forte na fase inicial de crescimento. Os efeitos inibitivos em germinacdo e alongamento de raiz
foram mais fortes em 7. aestivum que em C. sativus. Hyssopus também exerceu efeito genotoxico
e mitodepressivo em células de ponta de raiz de Allium cepa.

Unitermos: A/lium cepa L. teste de aberragdo cromossomica, germinagdo, Hyssopus officinalis L.,
atividade mitotica, elongacion de raiz, aleloquimicos soluvel em agua.

ABSTRACT: The natural habitats of Hyssopus officinalis L. (Lamiaceae) in Bulgaria are not
sufficient to satisfy the needs of this herb. Micropropagation might be used for obtaining plants
with desirable traits. Hyssopus is a medicinal aromatic plant that has not been studied very much.
Recently aromatic plants were investigated as potent allelopathic plants. Determining the modes
of action of allelochemicals is one of the challenging aspects in allelopathic studies. The objective
of this study was to determine the allelopathic activity of micropropagated Hyssopus officinalis L.
water infusions. We evaluated the influence of hot and cold infusions made from the aerial parts
of hyssopus under laboratory conditions. For this purpose we tested the effects of infusions on
germination and root elongation of Cucumis sativus L. and Triticum aestivum L. We determined
also the effect on mitotic activity using Allium cepa L. chromosome aberration test. The results
demonstrated the presence of water soluble allelopathic compounds in hyssopus tissue. Infusions
exhibited growth depressive effect which was stronger at early stage of growth. The inhibitory
effects on germination and root elongation were stronger in 7. aestivum than in C. sativus. Hyssopus
also exerted mitodepressive and genotoxic effect in Allium cepa root tip cells.

Keywords: Allium cepa L. chromosome aberration test, germination, Hyssopus officinalis L.,
mitotic activity, root elongation, water soluble allelochemicals.

Artigo

INTRODUCTION

The natural habitats of Hyssopus officinalis L.,
Lamiaceae, in Bulgaria are not sufficient to satisfy the needs
of this herb (Ganchev, 1995). Domesticated cultivation of
medicinal plants is clearly a sustainable alternative in order
to preserve the wild wealth and increase the farm income
of farmers (Basotra et al., 2005). The major problem in the
use of phytopharmaceuticals from the Lamiaceae family is

*E-mail: asyadragoeva@dir.bg, Tel. +35 9 54 830 495/232, Fax: +35 9 54 830 371.

the plant-to-plant variability of metabolites due to genetic
heterogeneity (Shetty, 2001). Micropropagation procedures
are nowadays used for obtaining of valuable individuals
starting from a donor plant with high productive capacity
(Chun et al., 2005).

Hyssopus is important medicinal aromatic plant
that has not been studied very much (Jankovsky & Landa,
2002). Recently, aromatic plants were investigated as potent
allelopathic plants. Kazinczi (1999) reported that hyssopus

ISSN 0102-695X

513



Asya P. Dragoeva, Zheni D. Nanova, Vanya P. Kalcheva

was determined as a plant which contained allelochemicals.
Several studies have demonstrated the allelopathic activity
of essential oils (Dudai et al., 1999; Angelini et al., 2003;
Arminante et al., 2006). There are also some data about
the presence of water soluble allelopathic substances in
aromatic plants (Diki¢, 2005; Economou et al., 2007).
Allelochemicals may be selective in their action, or plants
may be selective in their responses (Einhellig, 1995). So,
determining the modes of action of allelochemicals is one
of the challenging aspects in allelopathic studies (Chou,
1999).

The objective of this study was to evaluate the
allelopathic activity of water infusions made from the
aerial parts of micropropagated hyssopus under laboratory
conditions using: i. germination and root elongation of
Cucumis sativus L. and Triticum aestivum L. and ii. Allium
cepa L. chromosome aberration test.

MATERIAL AND METHODS
Plant material

In vitro propagation of Hyssopus officinalis L.,
Lamiaceae, was initiated from stem tips with a length
3-4 cm, taken at the beginning of April (2004) from a
plant, grown under controlled conditions (Nanova et al.,
2007). Hyssopus plants were grown in the experimental
field of the Agricultural Institute-Shumen (latitude 43°18"
N; longitude 27°01" E, altitude 227 m) and collected in
the summer of 2006. For allelopathic studies, seeds of C.
sativus L. cv. Gergana, 1. aestivum L. cv. GTW Milena and
A. cepa L. cv. Shtuttgarter Riesen were used.

Plant infusions

We used aerial parts of hyssopus plants (two years
old), cut about 20 cm from the top. There are data (Ahn
& Chung, 2000; Economou et al., 2007) about different
degrees of allelopathic activity of infusions, obtained at
different temperatures. In this study we prepared two types
of infusions: 1) Hot infusion (HI) - the dried stems, leaves
and flowers were covered with boiling distilled water, left
for 60 min and then allowed to cool to room temperature;
2) Cold infusion (CI) - the dried hyssopus tissues were
placed in distilled water and left to stay for 24 h at room
temperature. The infusions were then filtered through filter
paper, directly utilized for germination test and then were
stored at less 5 °C until bioassayed in root elongation
test. Economou et al. (2007) tested allelopathic influence
of other aromatic plant (oregano) at concentrations in
the 18.75-150 g/L range. We prepared infusions at three
concentrations: two in the same range, tested by Economou
etal. (2007) - 17.5 and 52.5 g/L, and one at concentration,
normally used as a therapeutic tea by the humans (3.5 g/L)
(Nikolova & Manolov, 2002), because a dosage threshold
exists for each medicinal plant as it does for synthetic
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pharmaceuticals (Nunes & Carvalho, 2003).

Germination and root elongation of seeds, germinated
in hyssopus infusions

Twenty seeds of C. sativus and T. aestivum,
respectively, were placed on filter paper in each of fourteen
Petri dishes (11 cm in diameter). Five mL of each infusion
or distilled water, as a control, was applied to the seeds.
The dishes were sealed and incubated at 25+1 °C for 72
h. The percent of germinated seeds was recorded, and the
length of the roots of germinated seeds was measured.
Seeds that did not germinate were not included in the root
elongation test. Three replications of each treatment were
done.

Root elongation of seeds germinated in water before
being treated with infusions

Twenty five seeds of C. sativus and T. aestivum,
respectively, were placed on filter paper in each of
fourteen Petri dishes (11 cm in diameter), containing 5 mL
of distilled water. The dishes were sealed and incubated
at 25+1 °C for 48 h. Twenty germinated seeds with equal
length of roots (~1 cm) were selected and placed on filter
paper in each of another fourteen Petri dishes. Five mL
of each water infusion or distilled water as a control were
added to each of fourteen Petri dishes. The dishes were
sealed and incubated at 25+1 °C for 24 h. The root length
was measured and the data expressed as a percentage of
control values. Three replications of each treatment were
done.

Allium cepa test

Thirty seeds of 4. cepa were placed on filter paper
in each of three Petri dishes (11 cm in diameter), containing
5 mL of distilled water. The Petri dishes were sealed and
incubated at 25+1 °C for 72 h. Twenty germinated seeds
with equal length of roots (~1 cm) were removed and placed
on filter paper in each of another three Petri dishes. Five mL
of hot water infusion (3.5 g/L) were added to one dish, and
incubated at 25+1 °C for 24 h. Distilled water was used as
anegative control and methyl methanesulfonate (11 mg/L)
was used as a positive control. After treatment, the roots
were fixed in Clarke’s fixative (95% ethanol: acetic acid
glacial, 3:1) for 90 min, hydrolysed in 3N HCI for 8 min
and in 45% acetic acid (CH,COOH) for 30 min at room
temperature and stained for 90 min in 4% acetocarmine.
After staining, the terminal root tips (1-2 mm) were cut off
and squashed in 45% CH,COOH. The microscopic analysis
included the mitotic index and scoring of aberrant cells.
Each sample consisted of six root meristems. At least 1000
cells of each root meristem were analysed. The mitotic
index was determined as a ratio between the number of
cells in mitosis and the total number of analysed cells. The
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index of each phase of mitotic division was calculated as a
ratio between the cell number in the respective period and
the number of dividing cells.

Statistical analyses

We processed the experimental data by Student’s
t-test. In growth and root inhibition tests we choose as an
experimental unit the root. The calculations were carried
out on the assumption that roots used in each treatment
made one sample, and each sample was tested against
the control sample. In Allium cepa test we choose as
an experimental unit the cell, instead of the root. The
calculations were carried out on the assumption that all the
cells of the six root meristems made one sample, and each
sample was tested against the negative control.

RESULTS

Hyssopus infusions at concentration of 3.5 g/L
exerted effects, similar to those observed at concentration
of 17.5 g/L (data not shown). So we presented the effects
of two higher concentrations - 17.5 g/L and 52.5 g/L.

Germination of seeds

Table 1 shows the results of the influence of
hot (HI) and cold (CI) hyssopus water infusions on the
germination of C. sativus and T. aestivum seeds. Seeds
of both species germinated to about 90% in water after
3 d. Seed germination of C. sativus was not influenced
significantly by any treatment (range 86.67 to 81.67%
germination). Treatment with the lower concentration
of HI and CI inhibited germination of 7. aestivum at the
same rate (81.67% germination). This inhibitory effect
significantly increased at higher concentration of HI
(71.67% germination). When 7. aestivum seeds germinated
in CI at concentration of 52.5 g/L the inhibitory effect was
stronger (63.33% germination).

Table 1. Effect of hot and cold water infusions from aerial parts
of micropropagated hyssopus on germination of C.sativus L. and
T aestivum L.

Concentrations
Sample 17.5 g/L 52.5¢g/L
Germination, % Germination, %
Cucumis sativus L.
Control 91.65+3.60 91.65+3.60
Hot infusion 86.67+4.43 85.00+4.65
Cold infusion 86.67+4.43 81.67+5.04
Triticum aestivum L.

Control 93.33+3.25 93.33+3.25
Hot infusion 81.67+5.04 71.67+5.87**
Cold infusion 81.67+5.04 63.33+6.27***

Data are expressed as means+SE (standard error), **p<0.01,
*#%p<0.001; Sample: C. sativus L. (n=20) and 7. aestivum
L. (n=20) seeds, germinated in water infusions, made from
micropropagated Hyssopus officinalis L. over a period of 72 h;
Control - distilled water.

Root elongation of seeds germinated in infusions

Root length of both species, germinated
in hyssopus infusions, was reduced significantly in
comparison with the control (Table 2). Root elongation
of C. sativus was inhibited by 26.73 and 22.80% upon
the treatment with the lower concentration of HI and CI,
respectively. The growth inhibitory effect increased at the
higher concentration: 44.49% (HI) and 58.10% (CI). The
inhibitory effect was stronger in 7. aestivum: inhibition
of 33.17% (HI) and 56.18% (CI) upon the treatment
with the lower concentration. Treatment with the higher
concentration of both infusions inhibited root growth by
about 74.00% compared with the control.

Root elongation of seeds germinated in water before
being treated with infusions

Treatment with the lower concentration of HI and
CI inhibited root elongation of C. sativus by 23.71 and
22.71%, respectively, compared with the control (Table 2).
The effect of the higher concentration of HI was similar
(inhibition of 27.36%). We observed stronger inhibition
of C. sativus root growth at the higher concentration
of CI (43.90%) in comparison with other treatments.
Treatment with the lower concentration of HI inhibited
the root elongation of 7. aestivum by 32.39% compared
with the control. The higher concentration of HI caused
stronger effect: inhibition of 42.16%. CI had similar effect:
inhibition of 28.30 and 42.25% at the lower and the higher
concentration, respectively.

Allium cepa test

Table 3 shows the results of the influence of hot
hyssopus infusion (3.5 g/L, for 24 h) on the mitotic index
and on the frequency of mitotic phases. Upon the treatment
the mitotic index was significantly decreased in comparison
with those exposed to water only. The treatment changed
the mitotic phase distribution, as expressed mainly by
lower prophase ratios than the control.

Treatment with hyssopus significantly increased
the percent of chromosome aberrations in mitotic cells
(about threefold compared with the control) (Table 4).
Hyssopus induced a variety of different chromosome
aberrations. Anaphases and telophases with bridges and
fragments were the most frequent kinds of aberrations
and anaphases with vagrant chromosomes were the
second. Metaphases with spindle abnormalities were also
scored but at a lesser frequency. The percent of abnormal
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interphase cells also increased significantly upon the A similar trend was observed in the frequency of cells with
treatment with hyssopus. The infusion induced a higher micronuclei, but the difference with the control was not
percentage of binucleated cells compared with the control.  significant.

Table 2. Effect of hot and cold water infusions from aerial parts of micropropagated hyssopus on root elongation of C. sativus L. and
T. aestivum L.: 1) seeds germinated in the infusions for 72 h and 2) seeds germinated in water for 48 h and treated for 24 h

Seeds germinated in the infusions for 72 h Seeds germinated in water for 48 h and treated for 24 h
Sample Root length, mm Root length, mm (% Root length, mm Root length, mm (%
(% compared to the ~ compared to the control) (% compared to the ~ compared to the control) 52.5
control) 17.5 g/L 52.5¢g/L control) 17.5 g/L g/L
Control (root Cucumis sativus L.
length, mm) 46.01+2.62
Hot infusion 33.71£3.24** (73.27)  25.5442.12*** (55.51)  35.10+2.59** (76.29) 33.42+1.94%%* (72.64)
Cold infusion 35.5242.43%%(77.20)  19.28+1.14***(41.90)  35.56+2.89**(77.29) 25.81£1.05***(56.10)
Control Triticum aestivum L.
54.56+3.63
Hot infusion 36.46+£2.70*** (66.83)  13.89£1.59***(25.46)  36.89+2.90***(67.61) 31.56+£1.93***(57.84)
Cold infusion 23.91£1.40***(43.82)  14.66£1.66***%(26.87)  39.124+2.32***(71.70) 31.51£2.60***(57.75)

Data are expressed as means+SE (standard error), **p<0.01, ***p<0.001; Sample: C. sativus L. (n=20) and T. aestivum L. (n=20)
seeds; Control - distilled water.

Table 3. Effect of treatment of hot water infusion (3.5 g/L) of micropropagated hyssopus for 24 h on mitotic index and phase indices
in root tip meristems of Allium cepa L.

Sample ~ Number of Number of MI% (£SD) Prophase Phl% Metaphase Anaphase Telophase
cells analysed dividing cells (£SD) Phl% (+SD) PhI% (+SD) PhlI% (+SD)
NC 6884 390 5.67 (£0.23) 32.82 (£0.47) 25.90 (£0.44) 16.92 (£0.38)  24.36 (+0.43)
PC 6991 258 3.69%**(x0.19) 20.54***(+£0.40) 31.78**(+0.47) 26.74**(x0.44) 20.93 (£0.41)
HI 6942 330 4.75%(£0.21)  23.64**(£0.43)  28.79 (£0.45)  21.52 (0.41) 26.06 (+0.44)

Data are expressed as means+=SD (standard deviation, expressed per cell) in six root meristems, analysed per treatment, *p<0.05, **p
<0.01, ***p<0.001; Sample: NC: negative control (distilled water); PC: positive control (methyl methanesulfonate, 11 mg/L); HI: hot
water infusion made from the aerial parts of micropropagated Hyssopus officinalis L.

Table 4. Effect of treatment of hot water infusion (3.5 g/L) of micropropagated hyssopus for 24 h on mitotic and interphase
abnormalities in root tip meristems of Allium cepa L.

Abnormalities, % of mitotic cells Abnormalities, % of interphase cells
= w = " . Total
=2 22 3 § “E’ T2 a2 % § “E’ Total migriliizgi}lv Binucleated  abnormalities in
Sample éj—_«; 8 % g é E‘J% 3 2 é é E‘)% abnormalities in SD) »7® cells, % (£SD)  interphase cells,
g g %%ﬂ &b g; g %__%0 @ &7 £  mitotic cells, % % (£SD)
<8 §5E <35 95F &% E (#SD)
< Q ﬁ o
NC 026 0.1 026 026  0.26 1.54 (£0.12) 0.28 (£0.05)  0.03 (£0.02)  0.31 (+0.06)
PC 0.39 6.20 3.10 5.04 2.33 17.05%*%(+£0.38)  0.48 (+0.07)  0.23***(£0.05) 0.71*** (+£0.08)
HI 0.61 1.52 0.91 1.21 - 4.24%%(£0.20) 0.48 (£0.07) 0.15%*(+0.04)  0.64**(+0.08)

Data are expressed as means+SD (standard deviation, expressed per cell) in six root meristems, analysed per treatment, *p<0.05,
**p<0.01, ***p<0.001; Sample: NC: negative control (distilled water); PC: positive control (methyl methanesulfonate, 11 mg/L); HI:
hot water infusion made from the aerial parts of micropropagated Hyssopus officinalis L.
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DISCUSSION

The determined effects of hyssopus demonstrated
the existence of water soluble compounds that possess
allelopathic activity. The inhibitory effect of infusions was
more pronounced at concentrations of 17.5 and 52.5 g/L. It
might be speculated that the concentration of 17.5 g/ was
the dosage threshold in the case of three concentrations
tested (3.5, 17.5 and 52.5 g/L) in our study.

According to Kruse et al. (2000) allelochemicals
might cause inhibition of seed germination and/or seedling
growth. While seed germination was affected significantly
only at higher concentration of hot and cold infusions in
T. aestivum, all infusions reduced root elongation in both
test species. These results confirm the statement of Chung
& Miller (1995) that root growth is more sensitive than
germination. According to Nilsen et al. (1999) such an
effect might be due to the rapid germination of the seeds
tested. The growth inhibitory effect was stronger when
tested seeds germinated in the infusions in comparison
with the effect on germinated in water seeds. It might be
speculated that hyssopus water soluble compounds caused
stronger inhibition of root clongation at early stage of
growth.

The results obtained from testing the germination
and root elongation revealed that inhibitory effect of
hyssopus was stronger in 7. aestivum than in C. sativus and
confirmed the observations of Einhellig (1995) that plants
may be selective in their responses to allelochemicals.

There were not significant differences between
the effects of infusions obtained at different water
temperatures on root elongation of 7. aestivum. The
root elongation of C. sativus was most inhibited by cold
infusion at concentration of 52.5 g/L. The same infusion
caused also strongest inhibition on germination of both
tested species. This effect might be due to the presence
of specific compounds, which are inactivated by the
temperature treatment.

There are possibilities of application of hyssopus
in ecological agriculture (Jankovsky & Landa, 2002), but
for most farmers sole medicinal plants cultivation is not
possible. Production of phytotoxic symptoms by certain
plants and their residues is a well established phenomenon
(Duke, 1990). In our study root growth of two traditional
food crops was reduced significantly upon the treatment
with hyssopus infusions. These results supported the
statement of Nazir et al. (2007) that medicinal plants
with allelopathic potential might be grown satisfactorily
under traditional agriculture systems if whole plants are
harvested from the agricultural fields.

In Allium cepa test we choose to test the
genotoxic potential of infusion that exerted the lowest
growth inhibition effect (hot infusion, 3.5 g/L for 24 h).
The observed inhibition of mitotic activity demonstrated
that hyssopus exerted a cytotoxic effect. Another sign of
cytotoxic influence was the interference in the cell cycle

kinetics (Amin, 2002). Hyssopus induced chromosome
aberrations in Allium cepa root tips. Compared with the
positive control, hyssopus had less genotoxic effect.
However, the different types of aberrations produced by
the test infusion suggest its genotoxic potential. The most
frequent kinds of aberrations in our study were anaphases
and telophases with bridges and fragments. When double
strand break of DNA happen, broken chromosome ends
without telomeres become “sticky” and may fuse with
other broken chromosome ends. The results of such
chromosomal rearrangements are fragments and bridges
observed in mitotic cells of the first cell cycle after treatment
(Maluszynska & Juchimiuk, 2005). The occurrence of
abnormal metaphases and vagrant chromosomes indicated
that hyssopus caused inhibition of spindle formation
(Rank, 2003). The detection of a binucleate condition in
Allium indicated that hyssopus inhibited cytokinesis.

CONCLUSION

The results suggest that hyssopus water infusions
contain secondary metabolites that exhibit allelopathic
effects at early stages of growth of other plants under
laboratory conditions. The growth inhibitory effect was
stronger in 7. aestivum (belonging to monocotyledonous
species) than in C. sativus (belonging to dicotyledonous
species). Hyssopus also exerted mitodepressive effect on
the rate of cell division and genotoxic effect in Allium cepa
root tip cells.
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