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Abstract: It is well known that growth and morphogenesis of plant
tissue cultures can be improved by small amounts of some organic
compounds. Heterocyclic compounds such as chromanones and thiazoles
derivatives, valuable because of their potential biological activities, have
also been reported as pesticides, herbicides and plant-growth regulators.

In the present study, different concentrations of chromanones and thiazoles
derivatives were employed to evaluate their effects on plantlets growth of
Ocimum basilicum L. and Echinacea purpurea L. The studied compounds
were proved to be growth inhibitors at high concentrations. A growth
stimulation effect was registered at low concentration.
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INTRUDUCTION

According to the literature, chromanones and thiazoles derivatives are involved in a
variety of biological activities. The synthesis of chromanones is of great interest in the
field of organic chemistry because they exhibit a wide variety of well-documented
antiviral [1], antifungal [2], insecticidal [3] activities. Meanwhile, thiazoles and their
derivatives have received continuous attention over the years because of their various
biological activities such as antibacterial, antifungal, anti-inflammatory effects [4, 5].
Some are used widely as agrochemicals, such as pesticides, fungicides, and herbicides
[6].

The current tendency is the elaboration of new effective ecologically safe plant growth
stimulants. The advantage of application of these heterocyclic compounds is based on
their high physiological effect at very low concentrations, broad specificity of action on
different agricultural crops and lack of toxicity for plant, animal and human health
[7, 8].

Numerous studies confirm that some low molecular weight heterocyclic compounds
derivatives considerably stimulate plant shoot organogenesis in vitro conditions [7].
Medicinal and aromatic plants are good choices for researches concerning the study of
growth and morphogenesis of plant tissue cultures by adding different amounts of some
organic compounds.

Ocimum basilicum L., usually named common basil or sweet basil have many
applications in food, pharmaceutical and cosmetic industries, and more recently as
corrosion inhibitors etc. [9]. Antiviral and antimicrobial activities of this plant have
been reported [10, 11].

Echinacea purpurea is a medicinal plant well known for its therapeutic effects that
plays an important role in traditional medicine [12]. Existing literature suggests that
Echinacea have an antibacterial and antiviral activity through the immune system
modulation [13] and was found to be a very potent antioxidant [14].

In this perspective, as part of our research program and suite of the collaboration
between ours Laboratory of Organic Chemistry and the Department of Biology
[15 - 18], the impact of some synthetic heterocyclic compounds on plants growth and
development, in laboratory conditions, was studied. This research was carried out on in
vitro culture medium of Ocimum basilicum L. and Echinacea purpurea L.

MATERIALS AND METHODS
Plant material

The research was conducted using as biologic material the selected seeds of Ocimum
basilicum L. and Echinacea purpurea L. provided by Agricultural Research and
Development resort from Secuieni — Neam{ (Romania).

Seed sterilization and germination

The seeds were sterilized by immersion in a 5 % solution of commercial chloramine T
trihydrate (Merck, Germany) and rinsed three times in sterile deionized water. Then,
under sterile conditions, for obtaining sterile plantlets, the seeds were inoculated on
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basal medium Murashige and Skoog (MS) [19, 20] without hormones or other
stimulating growth substances.

All chemicals used for nutrients Murashige-Skoog medium culture were purchased from
Merck (Germany) and Fluka (Switzerland).

The seeds were maintained in the growth chamber (LEEC, model PL2, Great Britain) at
20 °C in the dark for 2 weeks. After this period, the pots were moved into another
growth chamber (SANYO, model MLR 351, Japan) at 23 + 1 °C (photoperiod - 16 h,
light intensity - 2500 lux), for obtaining sterile vitroplants.

Figure 1. Steps of inoculation and germination process of Ocimum basilicum L.

Explants inoculation and culture conditions

After another 2 weeks, under sterile conditions, the explants taken from sterile
vitroplants were transferred to Erlenmeyer flasks containing basal medium MS
supplemented with different concentrations of studied heterocyclic compounds in order
to evaluate their morphogenetic reaction at 30-days interval.

Apex and nodes were used as explants source in the case of Ocimum basilicum. For
Echinacea purpurea, leaves and shoots were used as explants source.

These flasks were placed in a temperature-controlled room (SANYO) at 23 = 1 °C with
16/8 h light/dark cycle. The light intensity was maintained at 2500 lux throughout the
experiments.

All experiments were performed in three replicates.

Tested heterocyclic compounds

The effects of two heterocyclic compounds (Figure 2) on growth and development
plants were tested:

- 3-isothiocyanato-3-morpholin-4-yl-methyl-chroman-4-one  (molecular  formula:
CisH14CIhN,O3S; molecular weight: 373.26 g-mol'l) - A (mentioned as BPIC in
figures);

- 4-[4-(3,5-dichloro-phenyl)-thiazol-2-yl]-morpholine (molecular formula:
C13H2CILbN,OS; molecular weight: 315.22 g~mol'1) - B (mentioned as BADA in
figures).
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Figure 2. Structures of tested heterocyclic compounds A and B

The synthesis of these heterocyclic compounds was already described [15 - 17].

The stock solutions of these two compounds were prepared (100 mg compounds in
100 mL distilled water). Different concentrations (0.1, 0.2, 1, 2 and 4 mgL"
respectively) of A and B were added in MS medium according to Table 1.

Table 1. Media variants for in vitro explants development

Concentration of tested Media variants
heterocyclic compounds
[mg-L"] BPIC variants BADA variants
4 BPIC I (A1) BADA 1 (B1)
2 BPIC 11 (A2) BADA 1II (B2)
1 BPIC I1I (A3) BADA 111 (B3)
0.1 BPIC IV(A4) BADA IV (B4)
0.2 BPIC V (AS) BADA V (B5S)
0 MS (control)

Growth parameters and analysis

After 1 month, the morphogenetic reaction was evaluated for all samples and compared
with the control sample (MS medium without addition of tested heterocyclic
compounds).

After removal of culture medium, the parameters measured for evaluating the potential
activity of two tested compounds on the growth and development of plants were: the
number of plantlets, the plant height (growth rate) and the fresh weight (biomass
accumulation). The biomass accumulation reflects the complexity of metabolic process
which it can be influence by the addition of tested heterocyclic compounds (stimulation
or inhibition effect).

RESULTS AND DISCUSSION

Ocimum basilicum L. analysis

Morphogenetic reaction of Ocimum basilicum L.

On variants containing the compounds A and B in high concentrations (A1, A2, B1, B2

and B3), after a small development of plantlets, a degeneration and necrosis were
observed (Figure 3). Only in the case of A3 medium, further necrosis has not occurred.
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a)

Figure 3. The morphogenetic reaction of Ocimum basilicum on B3 medium:
a) development; b) necrosis

The growth and development of plants were visibly positive in the case of samples with
low concentrations (A4, A5 and B4, B5) comparative with the control sample and / or
with the samples with high concentrations (Figure 4).

Figure 4. The comparative morphogenetic reaction of Ocimum basilicum
on A3, A4 and A5 medium

As can be seen in Figure 4, on A4 medium (MS + 0.1 mg-L™" chromanone) the plantlets
are vigorous, the leaves present an intense green color without a chlorophyll deficit. The
morphogenetic reaction on A5 medium (supplemented with 0.2 mg-L" chromanone)
was less intensive that one of A4 medium.

Compound B at low concentrations presents a similar influence as compound A, a
stimulating effect in the development of plantlets and the roots being distinguished. The
leaves proportion and size were comparable and the color is lighter than in the case of A
medium (Figure 5).

Figure 5. The comparative morphogenetic reaction of Ocimum basilicum L.
on B4 and B5 medium
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Biometric measurements in the case of Ocimum basilicum L.

The biometric measurements concerning the explants of Ocimum basilicum L. are
presented in Table 2.

Table 2. Biometric measurements on Ocimum basilicum L. samples

.. | Number . Fresh weight /
Samples M?dla of shoots / Fresh weight Shoot number Shoot length
variants [g] . [cm]
sample ratio
A3 5 0.98 0.196 min. 0.2
max. 3.1
vola s [ e | oess [ ORES
A5 6 2.82 0.470 min. 1
max. 8.5
B3 necrosis
min. 1.5
B _B4 ¢ 259 0431 max. 6.5
Control MS 7 33 0.474 min. 2.5
sample max.7.5

It can be noticed that the best results concerning the fresh weight / shoot number ratio
were obtained for the samples supplemented with low concentrations of heterocyclic
compounds (the case of A4 medium followed by B5 medium - highlighted in Table 2).
In these cases, the biomass accumulations are superior to control sample (MS).

The Figure 6 presents the difference of shoot length between the samples with addition
and without addition of tested heterocyclic compounds.

Figure 6. Comparative biometric measurements of Ocimum basilicum L.
between the samples with addition of chromanone A (A4 medium — a), of thiazole B
(B5 medium — b) and without addition of tested heterocyclic compounds
(MS medium — c)
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Echinacea purpurea L. analysis

Morphogenetic reaction of Echinacea purpurea L.

Also in the case of Echinacea purpurea L., the mediums with high concentrations of
heterocyclic compounds reveal not to be favorables for plantlets development. For
example, after 3 weeks, on A1 and A2 medium there has been a process of stagnation in
leaves development followed by necrosis (Figure 7). The B1 variant as well as variant
B2 are not good environments for the development of plant material.

-

a) b)

Figure 7. The morphogenetic reaction of Echinacea purpurea L.
on Al (a) and BI1 (b) medium

In the case of A3 medium, as can be seen in Figure 8, the explants are better developed
than those of the control sample MS. A stimulating effect in the development of
plantlets and the roots is notable in the case of A4 medium. As in the case of basil
samples, the plantlets are vigorous and the leaves present an intense green color. The
morphogenetic reaction on AS variant was comparable with the one of A4 variant.

Figure 8. The comparative morphogenetic reaction of Echinacea purpurea L.
on MS medium (a) with A3 (b), A4 (c), and A5 (d) medium

In Figures 9 a) and b), it can be observed that on the B3 medium (supplemented with
1 mg-L"! thiazole) after a small development, the explants dry out over time.

The growth and development of plants were also evidently positive in the case of
samples with compound B in low concentrations (B4 and BS variants). On these
variants, the plantlets present large leaves with thick petiole - Figures 9 ¢) and d).
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Figure 9. The comparative morphogenetic reaction of Echinacea purpurea L.
on MS medium (a) with B3 (b), B4 (c) and BS (d) medium

Biometric measurements in the case of Echinacea purpurea L.

The biometric measurements concerning the explants of Echinacea purpurea L. are

presented in Table 3.
Table 3. Biometric measurements on Echinacea purpurea L. samples
. Number . Fresh weight /
Samples M‘?dla of shoots / Fresh weight Shoot number Shoot length
variants [e] . [em]
sample ratio
min. 1.5
A3 5 1.97 0.394 max. 12.5
A A4 9 4.14 0.460 min. 2.5
max. 13
AS 10 457 0.457 min. 2.3
max. 14
B3 5" 1.75° 0.350 min. .5
max. 7
min. 4
B B4 13 6.15 0.473 max. 16.5
B5 10 4.45 0.445 min. 4
max. 17
Control | g 5 1.87 0.374 min. 2
sample max. 9.5

— -
partial necrosis

The biometric indexes of samples treated with tested heterocyclic compounds used in
concentrations ranging from 0.1 to 1 mg-L" were higher than the biometric indexes of

plantlets grown on basal medium (MS).

The highest growth stimulating activity for Echinacea purpurea was found when
0.1 mg'L" of thiazole B was added, followed narrowly by the sample treated with

chromanone A in the same concentration (highlighted in Table 3).

In contrast to Ocimum basilicum plants, the concentration of 1 mg'L™' had a stimulating

growth effect for Echinacea purpurea.
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CONCLUSION

In the case of investigated species Ocimum basilicum L. and Echinacea purpurea L.,
growth and development were affected by the tested concentrations of two heterocyclic
compounds.

The chromanone A and the thiazole B were proved to be growth inhibitors at high
concentrations (2 and 4 mg-L™"). Generally, a growth stimulation effect was registered at
low concentration (0.1 and 0.2 mg-L™).

Slightly different behaviors between the tested chromanone and thiazole derivatives
were found. Thus, the best results concerning the ratio of the amount of biomass
accumulated compared with control sample were obtained in the case of chromanone A
for Ocimum basilicum (variant A4 supplemented with 0.1 mg'L™") and thiazole B for
Echinacea purpurea (variant B4 supplemented with 0.1 mg-L™).

It was found that in the case of Echinacea purpurea all tested heterocyclic compounds
used in low concentrations significantly accelerate plant growth and development of
plantlets as compared to control plants.

The preliminary qualitative analysis of metabolites accumulated in plantlets by UV-Vis
spectroscopy analysis of the alcoholic extracts is underway and will be the subject to a
future publication.
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