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Effect of nonionizing rays on growth, chemical constituents,
and molecular aspects of Catharanthus roseus plant
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Background and objective
Catharanthus roseus (L.) is a perennial tropical plant and is considered one of the
important ornamental and medicinal plants of the family Apocynaceae. It is used as
an anticancer and antidiabetic agent. Catharanthus leaves are used for
menorrhagia and rheumatism. The laser rays are used as a physical method to
improve the germination, the plant growth, and the vigor of the seeds. The study
aimed to evaluate vegetative growth, flowering, and marker gene on Catharanthus
leaves and to investigate its chemical constituents under the effect of laser rays.
Materials and methods
The pot experimental study was carried out at greenhouse of National Research
Centre, Giza, Egypt, onC. roseus. Two types of laser [helium cadmium (He-Cd) and
argon (Ar) laser] were used at different exposure times (0, 4, 8, and 12min), and
various morphological, flowering, chemical constituents were determined. Inter-
simple sequence repeat (ISSR) marker was used to illustrate the effect of He-Cd
and Ar laser on C. roseus at different exposure time.
Results
Generally, the highest values of number of leaves, plant height, root length, fresh
and dry weight of leaves, and number of days to flower, photosynthetic pigments,
proline %, carbohydrate, vinblastine, and vincristine were obtained with 8 and
12min of He-Cd laser treatments. Conversely, 4-min He-Cd and 8-min Ar laser time
exposure recorded decrease in photosynthetic pigments, proline %, and
carbohydrate concentration. ISSR showed that mean polymorphic percentage
was 25%. ISSR investigation demonstrated that the control, He-Cd laser
exposure for 8min, and Ar laser exposure for 12min of Catharanthus plant
produced unique positive markers, which were found to be mutant specific.
Conclusion
It was concluded that laser rays with different time exposure had potential effect on
growth, flowering, chemical constituents, and the production ofCatharanthus plant.
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Introduction
Catharanthus roseus (L.) is a perennial tropical plant and
is considered one of the important ornamental and
medicinal plants; it grows throughout the world in
different climate conditions. These plants belong to the
family Apocynaceae, which contain a good source of
antihypertension, enzymatic antioxidants, and
nonenzymatic antioxidants.

The flower extract of Catharanthus is commonly
administered as eyewash for infant’s eyes, and
Catharanthus leaves are used for menorrhagia and
rheumatism [1,2]. Several studies revealed that the
importance of C. roseus owing to its antidiabetic
properties. It acts as antidiabetic through increase in
glucose utilization [3].

The extracts of dried plant contain many alkaloids
which can be used for medicinal purpose. Moreover,
Wolters Kluwer - Medknow
the Catharanthus plants are considered as a source of
antitumor agents, vinblastine and vincristine, which are
used in chemotherapy of leukemia disease [4].

Numerous studies have covered the improving
knowledge on the antitumor alkaloids of
Catharanthus. Vinblastine and vincristine are
substances that act by inhibiting proliferation in
cancer cells and are used against cancer [5,6]. There
are more than 70 alkaloids that have been isolated from
Catharanthus plant besides vinblastine and vincristine.

Laser rays belong to nonionizing radiation, which is
identified by the emitted wavelength and the power.
DOI: 10.4103/epj.epj_41_18
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Laser rays have been attained much attention at
different parts of the world for improving growth,
flowering, and plant production.

Laser rays interact with atoms or molecules to
produce free radicals in cells. These radicals can
damage or modify important components of plant
cells and have been reported to affect differentially
the morphology and biochemistry of plants
depending on the irradiation doses. These effects
include changes in the plant cellular structure and
metabolism and alteration in photosynthesis
[7–10].

In this concern, laser can regulate several characterisitcs
of plant’s function and may encourages some growth
parameters [11–15].

The laser radiation is used as a physical method to
improve the germination, the growth, and the vigor of
seeds [16]. Biophysical methods can stimulate the seed
and plants through improving the energy balance and
hence activating the growth and yield processes
[17,18]. It is now evident that physical methods
such as laser radiation application enhance the
energy account of metabolites by internal energy
transformation [17].

The aim of this work was to throw more light on
growth, flowering, and chemical constituents especially
the antitumor alkaloids of Catharenthus roseus
(vinblastine and vincristine) of Catharanthus plant by
using types of laser rays [helium cadmium (He-Cd)
and argon (Ar)].
Materials and methods
This study was carried out during the two growing
seasons 2016 and 2017 at the green house of National
Research Centre, Dokki, Egypt, and aimed to
investigate the response of Catharanthus roses to
laser treatments (He-Cd and Ar laser). This study
does not involve experiments on human or animals
(which needs approval of ethical committee). For
cultivation, pots 25 cm in diameter and 25 cm in
depth were filled with a loamy sandy soil (2:1) by
volume. The experiment in both seasons consisted of
seven treatments including the control. ‘He-Cd’ laser
and ‘Ar’ laser were used for exposing Catharanthus
plant seeds at the wavelengths of lasers rays 441 and
514 nm, respectively. The output powers for ‘He-Cd’
laser and Ar laser were adjusted nearly 16 and 8 Mw/
cm2, respectively. Seeds were treated with He-Cd laser
and Ar laser, whereas the exposure time for each type
was 4, 8, and 12min. In May of both seasons,
phosphorous fertilizer was added to the soil before
planting; nitrogen and potassium fertilizers were
added to the soil according to the recommended
dose of the ministry of agriculture after 30 days
from sowing. After 6 months from planting,
representative plant sample was taken from three
replicates randomly. The growth and flower
parameters included plant height (cm), leaves
number/plant, root length (cm), fresh and dry
weight of leaves, and number of days to flowering.

The samples of leaves in both seasons were dried at 70°,
whereas another sample of fresh leaveswere sampled, and
the following chemical constituents were determined:
(1)
 Photosynthetic pigments (mg/g FW).

(2)
 Chlorophyll a, b and carotenoids were determined

according to the methods described by Saric et al.
[19].
(3)
 Carbohydrate mg/g FW was determined
according to Smith et al. [20].
(4)
 Determination of vinblastine and vincristine
content as described by Nagaraja and colleagues
[21–24]. The absorbance of the resulting yellow-
colored azo product of vinblastine and vincristine
was recorded at 430 and 440 nm, respectively. The
blank sample was run simultaneously with each set
of determination.
(5)
 Proline content was determined using fresh leaves
according to Bates et al. [25].
The experimental layout was a randomized complete
block design. Each treatment included three replicates.
The recorded data (the average of two seasons) were
subjected to one-way analysis of variance according to
Snedecor and Cochran [26]. The values of least
significant difference and the means were compared
using least significant difference test at 5% levels of
probability.
Genomic DNA extraction and PCR condition
Total genomicDNAof all samples (control andmutants)
was extracted from green leaves using Qiagen DNeasy
PlantMinikit following the protocol of themanufacturer
(Qiagen Inc., Valencia, California, USA). The quality of
the extracted DNA was assessed on agarose gel
electrophoresis (Fig. 1). PCR was performed using four
preselected Inter-simple sequence repeat (ISSR) primers
based on their ability to generate reproducible and
informative amplification patterns, and amplification
reactions were carried out in Biometra TOne Thermal
Cycler (Analytik Jena, Jena, Germany). PCR
amplification was performed in 25μl reaction mix
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which contained 20–30ng DNA template, 10 pmole of
each primer, 2.5μl of 2mmol/l thermo dNTPs, 5 μl of
5× Promega Green GoTaq Flexi Reaction Buffer,
2.5 μl of 25mmol/l Promega MgCl2, and 0.125 μl
of 5U/μl Promega GoTaq Flexi DNA polymerase.
The reaction was assembled on ice, and amplification
was performed at certain conditions as follows: an
initial denaturing step at 94°C for 5min followed by
35 cycles at 94°C for 30 s, annealing at 50°C for 1min,
an extension at 72°C for 1min, and final extension at
72°C for 7 mins. The PCR products were assessed on
1.6% agarose gel. The banding profile of ISSR was
scored using Labimage program (Kapelan Bio-
Imaging solution, Leipzig city, Federal State of
Saxony, Germany). The polymorphism was
estimated as follows:

Percent of polymorphism

¼ Number of polymorphic bands

Total number of bands

� �
× 100:

Results
The data presented in Table 1 indicates that laser rays
had promotive effect on all of growth parameters and
chemical constituents of C. roseus.
Growth parameters
Generally, we can observe from the data presented in
Table 1 that there was significant increase in plant
height with most of laser treatments. The highest
values were obtained from treated plant with He-Cd
laser at 12 and 8min exposure. The increment reaches
to 45.63 and 42.67%, respectively, over the control. On
the contrary, the lowest values were recorded with
treated plants with Ar at 12min exposure, which
recorded decrease compared with the control and
other treatments. The highest values for leaves
number were obtained from the treated plants with
Table 1 Effect of exposure time to helium cadmium and argon lase
(average of two seasons 2016 and 2017)

Treatments C

Plant
height

Leaves
number

Root length
(cm)

Fresh

Control 22.66 16.66 5.33

He-Cd 4 min 27.66 24.00 10.83

He-Cd 8 min 32.33 25.66 9.00

He-Cd 12 min 33.00 22.23 11.66

Ar 4 min 24.66 23.33 9.33

Ar 8 min 29.33 22.33 12.66

Ar 12 min 22.50 19.00 8.00

LSD at 0.5% 1.52 2.23 2.20

Ar, argon; He-Cd, helium cadmium; LSD, least significant difference.
He-Cd laser rays at 8min, followed by 4min exposure
time, which were 54.02 and 44.05% overpass the
control, respectively.

Root length increased significantly owing to the
treatments, and the highest effective treatments were
He-Cd laser at 12min and 8min exposure time for Ar
laser rays, increasing the values to 118.76 and 137.52%
over the control, respectively. Moreover, it could be
observed from the data presented in Table 1 that He-
Cd (12min exposure) and Ar (4min exposure)
significantly increased and gave the highest values
for fresh and dry weight of leaves in comparison
with the control and other treatments. The values
for He-Cd (12min exposure) and Ar (4min
exposure) reached to 27.40 and 28.57%, respectively,
for fresh weight and 38.98 and 32.28%, respectively, for
dry weight of leaves over the control. On the contrary,
the plants received Ar laser rays at 8min exposure time
andHe-Cd rays at 4min exposure and resulted in slight
decreases in fresh (13.50 and 14.28, respectively) and
dry (5.54 and 5.61%, respectively) weight of leaves than
the control.
Number of days to flower (day)
The data in Table 1 showed marked differences
between the treatments and control in number of
days to flowering, that is, decreasing the days to
flowering means accelerating the flowering. Treating
the plants with both types of lase rays mostly decreased
the days to flowering (early flowering) as compared
with the control. The most effective treatments were
He-Cd laser at 4 and 8min exposure time which
resulted in 17 and 12 days earlier than the control.
However, Ar laser at 12min recorded 2 days earlier
than control plants and it considered the lowest
treatment recorded increased in number of days to
flowering compared with the control and all other
treatments of two laser types.
r on the growth and flowering of Catharanthus roseus plants

haracteristics

weight of leaves
(g)

Dry weight of leaves
(g)

Number of days to
flower

18.21 1.96 42.33

17.20 1.85 25.66

17.75 1.93 30.00

23.20 2.52 33.33

25.31 2.73 36.00

15.75 1.68 38.00

20.94 2.25 40.00

0.185 0.057 0.708



Table 2 Effect of exposure time to helium cadmium and argon laser on photosynthetic pigments and carbohydrates percentage
of Catharanthus roseus plants (average of two seasons 2016 and 2017)

Treatments Characteristics

Chlorophyll a (mg/g.f.w.) Chlorophyll b (mg/g.f.w.) Total (a+b) Carotenoids (mg/g.f.w.) Carbohydrates (mg/g.f.w.)

Control 0.459 0.350 0.815 2.357 9

He-Cd 4 min 0.418 0.319 0.737 2.806 10.33

He-Cd 8 min 0.388 0.280 0.669 1.723 2.60

He-Cd 12 min 0.581 0.419 1.000 3.055 4.33

Ar 4 min 0.470 0.358 0.828 2.330 3.53

Ar 8 min 0.516 0.418 0.934 3.340 10.50

Ar 12 min 0.491 0.371 0.862 3.045 4.50

LSD at 0.5% 0.009 0.015 0.013 0.037 0.404

Ar, argon; He-Cd, helium cadmium; LSD, least significant difference.

Table 3 Effect of exposure time to helium cadmium and
argon laser on proline, vinblastine and vincristine contents of
Catharanthus roseus plants (average of two seasons 2016 and
2017)

Treatments Characteristics

Proline Vinblastine Vincristine

Control 28.80 0.023 0.161

He-Cd 4 min 29.00 0.201 0.183

He-Cd 8 min 28.40 0.414 0-391

He-Cd 12 min 29.19 0.383 0.365

Ar 4 min 28.15 0.366 0.345

Ar 8 min 64.53 0.315 0.293

Ar 12 min 95.85 0.187 0.173

LSD at 0.5% 0.266 0.002 0.0014

Ar, argon; He-Cd, helium cadmium; LSD, least significant
difference.
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Photosynthetic pigments
The data in Table 2 showed that, treating (C. roseus)
plants with laser rays resulted in the higher
chlorophyll a, b, total chlorophyll and carotenoids
concentrations as compared with the control. The
third dose of He-Cd laser (12min exposure) and
the doses of Ar (4, 8, and 12min exposure)
significantly increased the previously mentioned
parameters, giving values of 26.57, 19.71, 22.69,
and 29.61%, respectively; 2.39, 2.28, 1.59, and
12.41%, respectively; 19.42, 14.60, and 41.70%,
respectively; and 6.97, 6, 5.76, and 29.18%,
respectively, over the control. On the contrary, the
treatment of He-Cd laser at 4 and 8min exposure
exhibited decreases in chlorophyll a, b, total
chlorophyll and carotenoids contents giving a
decrement of 15.46, 20, 17.91, and 26.89% below
the control, respectively.

The data presented in Table 2 explained that laser ray
treatments in most cases decreased carbohydrate %.
He-Cd and Ar irradiation increased the percentage of
soluble carbohydrates as a result of the lower dose of
He-Cd with 4min exposure and the medium dose of
Ar laser at 8min exposure as compared with control
and all other treatments, respectively. The effectuated
increments reached 14.77 and 16.66% over the control,
respectively.

Lower level of soluble carbohydrate was recorded with
He-Cd laser at 8min and Ar laser at 4min exposure.
The decrements reached to 71.11 and 60.77% lower
than untreated plant.
Proline %
The results in Table 3 show that, generally, raising
laser dose increased in proline concentrations in the
cells of Catharanthus plants. When Catharanthus seeds
were subjected to Ar at 12 and 8min and He-Cd at
12min exposure, they showed the highest increase in
total proline (mg/g) as compared with the untreated
plant. These treatments increased the proline
percentage to 232.81, 124.06, and 1.35 % over the
control. On the contrary, the low dose of Ar laser at
4min exposure decreased the values of proline content
by 2.25% as compared with the control and other laser
treatments.
Alkaloids components
It can be observed from the data presented in Table 3
that, in general, treatments of two types of laser rays
significantly increased the vinblastine and vincristine
contents in C. roseus plant cell, especially with the dose
of He-Cd at 8min and 12min exposure time. These
treatments superinduced the contents, with significant
increases of 1700 and 142.85, respectively, and 1565.21
and 126.70%, respectively, over the control plant.
However, the higher dose of Ar laser irradiation
resulted in significant slight increase in vincristine
content (7.45%) as compared with the control plant
and other treatments.
ISSR analysis
Four ISSR primers were used to indicate the genetic
variability of the six mutants ofC. roseus plant caused by
exposure to He-Cd and Ar laser irradiation at different
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exposure times as shown in Table 1. ISSR primers
detected high polymorphism percentages in the
amplified DNA pattern. A total number of 73
scorable amplified DNA fragments ranging from
2521 to 79bp were observed using four ISSR
primers, whereas 73 fragments were polymorphic.
The four primers showed mean polymorphic
percentage of 25%. The highest number of
polymorphic bands (25) was obtained with primer
UBC-826. The lowest number of polymorphic
bands (9) was recorded with the primer UBC-829
(Table 4). The data in Table 5 showed unique
bands based on ISSR of Catharanthus plant at
different exposure times to He-Cd and Ar laser
irradiation. It could be observed that the control
plant had unique positive marker (79 bp) with
primer UBC-826 and this band was present in the
control only but absent in all mutants. On the contrary,
it could be observed that plant exposed to He-Cd laser
for 8min had one unique positive marker (658bp) with
primer UBC-808 which is mutant specific (Table 5).
Moreover, the bands of 263, 149, 263bp which
amplified by primers UBC-808, UBC-826, and
UBC-827, respectively, were specific only to
Catharanthus plant exposed to Ar laser for 12min.

Finally, with Catharanthus plant exposed to He-Cd
and Ar laser for 4 and 12min, no primers produced
unique markers (Fig. 2).
Table 4 ISSR amplification products of DNA extracted from Cathar
after different times

Primer 5′-sequence-3′ Size range of the
scorable bands (bp)

A

UBC-808 AGAGAGAGAGAGAGAGC 2521–210

UBC-826 ACACACACACACACACC 2000–79

UBC-827 ACACACACACACACACG 1283–208

UBC-829 TGTGTGTGTGTGTGTGC 1269–276

Total

Average

ISSR, Inter-simple sequence repeat.

Table 5 Unique bands based on ISSR from Catharanthus plant exp
different times, using four primers

Laser beam Primer name UPM (bp)

Control UBC-826 79

He-Cd 4 min –

He-Cd 8 min UBC-808 658

He-Cd 12 min –

Ar 4 min –

Ar 8 min –

UBC-808 263

Ar 12 min UBC-826 149

UBC-827 263

Ar, argon; He-Cd, helium cadmium; ISSR, Inter-simple sequence repea
Discussion
The presented study aimed to study the effect of laser
irradiation on growth, flowering, and some chemical
constituents, especially vinblastine and vincristine of C.
roseus plant. The assessment of the response of
Catharanthus plants to these treatments was
undertaken by measuring growth parameters and
some chemical constituents of the Catharanthus plant.
According to the data presented in our investigation,
laser rays led to increase in the plant height, number
of leaves, root length, and both of fresh and dry
weights of treated plants in comparison with the
untreated plants.
Laser radiation at different wavelengths and exposure
times of He-Cd and Ar showed different effects on
Catharanthus plants. The statistical analysis revealed
that plant height and other growth parameters were
increased by laser treatments by reflecting the effect of
that laser on cell division, and the endogenous content
of GA, the main biological active GA formation, is
promoted by laser rays treatment [27,28].
The data also revealed that the increase in plant height
was followed by increase in the number of leaves per
plant which induced high fresh and dry weights. This
may be owing to the role of GA in cell elongation by
anthus plant exposed to helium cadmium and argon laser

mplicons number Polymorphic amplicons Polymorphism (%)

15 15 100

25 25 100

24 24 100

9 9 100

73 73 100

18.25 18.25 25

osed to helium cadmium and argon laser irradiation after

UNM (bp) Total unique marker

Each primer All primers

– 1 1

– – –

– 1 1

– – –

– – –

– – –

– 1

– 1 3

– 1

t.
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induction of enzymes that weaken the cell wall
[28,29].

Chlorophyll a and b content of C. roseus plants were
increased with the application of He-Cd and Ar laser
treatments. However, Ar laser was more effective than
He-Cd laser in increasing carotenoids concentrations
in the plant tissues, and He-Cd laser was nearly more
effective on total chlorophyll (a+b). These
photosynthetic pigments have a role for increasing
Figure 2

Agarose gel electrophoresis of ISSR profiles of Catharanthus plant. Orig

Figure 1

Agarose gel electrophoresis of total genomic DNA of Vinca plants.
Original plant (1) and the induced mutants (2–7). M: 100 bp DNA
ladder.
photosynthesis processes and metabolic products in
the plants such as carbohydrates and other
constituents (i.e. vinblastine and vincristine). The
laser rays promote GA formation which caused
increase in sugar concentration, which reflects on
photosynthetic pigments contents. These results
support the finding of Lobna and colleagues
[12,27,28,30,31].

The application of the high laser ray doses treatments
led to increase in the proline content in Catharanthus
leaves. The observation hold true with Sami [28],
who obtained increase in the protein content in
gerbera plants covering the increase of plant organs
(branches, leaves, and root length). The laser
treatments increased growth regulators and
protein, which may explain the increase of proline
content under the higher doses of laser rays. In this
respect, Sacher [32] reported that auxins induced net
synthesis of RNA and protein; however, proline
content had been affected by laser rays and similar
results were reported by Seyed and colleagues
[33–35].The application of laser treatments He-Cd
and Ar enhanced the flowering, and He-Cd laser was
more effective than Ar laser on fastening the flower
bud initiation. These results agreed with Podleoeny
[36] on Vicia faba minor; he obtained taller plants
from the treated seeds, starting to flower
inal plant (1) and the induced mutants (2–7). M: 100 bp DNA ladder.



Effect of laser on Catharanthus roseus Metwally et al. 147
approximately 3–4 days earlier than the control.
Moreover, the flowering enhancement by laser rays
on Eustoma grandiflorum plants was reported by
Awatef [31]. On the contrary, Sami [28] recorded
that Ar laser delayed flowering onset of gerbera
plants, whereas Metwally et al. [37] mentioned
that treating the plants with helium neon laser
(He-Ne) significantly increased the days to
flowering as compared with the control plants.

High polymorphism percentages in the amplified
DNA pattern using ISSR primers had been
recorded. According to El-Banna et al. [38], the
percentage of polymorphism detected by
application of ISSR primers on Nigella sativa
irradiated with gamma and laser radiation reached
68.9%, and 12 of 45 ISSR markers were found to be
mutant specific.
Conclusion
Laser rays at different doses can be beneficial for
inducing growth and production of C. roseus plant.
He-Cd laser (8 and 12min) exposure time showed the
best results in vegetative growth and chemical
constituent production, and it produced unique
positive markers which were found to be mutant
specific. Treating the plants with both types of laser
enhanced early flowering as compared with the
control.

Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
References
1 Dobelis IN. Magic andmedicine of plants pleasantville. NYReader’sDigest,

1984.

2 Walts LR. The herbal encyclopedia: a practical cuide to the many uses of
herbs. Lincoln: I Universe Inc; 1997.

3 Singh SN, Vats P, Suri S, Shyam R, Kumria MM, Ranganathan S. Effect of
an antidiabetic extract of Catharanthus roseus on enzymic activities in
streptozotocin induced diabetic rats. J Ethnopharmacol 2001; 76:269–277.

4 Jaleel C, Gopi R, Kishorekumar A, Manivannan P, Sankar B,
Panneerselvam R. Interactive effects of triadimefon and salt stress on
antioxidative status and ajmalicine accumulation in Catharanthus roseus.
Acta Physiol Plant 2008; 30:287–292.

5 Huxtable RJ. The pharmacology of extinction. J Ethnopharmacol 1992;
37:1–11.

6 EvansWC, Trease GE, Evans D. Trease and evans pharmacognosy. (16th
ed). New York: Elsevier; 2009.

7 Mahmoud MM, Ibrahem SE. Plant physiology. Cairo: Faculty of Agriculture,
Ain Sams University; 2000; 164–185.

8 Sahar BK, Farahvash F, Mirshekari B, kazem AH, Rahimzadeh FK. Effect
of physical treatments on germination stand establishment of sunflower
(Helianthus annuus (L.) Hyson) under laboratory condition. International J
Biosci 2014; 5:1–6.
9 Dobrowolski JW, Ezzahir A, Knapik M, Jezowska-Trzebiatowska B. In
Photon emission from biological systems. Singapore: World Scientific
1987;170.

10 Rimal B, Manasoa RR, Poddlejska KC, Dobrowoski JW.
Laser biotechnology for enhanced rooting and shooting of Salix viminalis
inhydroponic condition for better adaptation in industrially contaminated land.
Int J Environ Bioremediat 2014; 2:228–230.

11 Marcos VL, Nascimento LB, Moreira NS, Reinert F, Costa SS, Eliana ST.
Influence of blue light on the leaf Morphoanatomy of in vitro Kalancho
pinnata (Lamarck) Persoon (Crassulaceae). Microsc Microanal J 2010;
16:576–582.

12 Lobna ST, Hanan AAT, Metwally SA, Hwida MF. Effect of laser radiation
treatments on invitro growth behavior, antioxidant activity and chemical
constituents of Sequoi sempervirens. Res J Pharm Biol Chem Sci 2014;
5:1024–1034.

13 Metwally SA, Mohamed SLM, Abou-Leila BH, Aly MS. Effect of drought
stress and helium neon (He-Ne) laser rays on growth, oil yield and fatty
acids content in Caster bean (Ricinus communis L.). J Agric For Fisheries
2014; 3:203–208.

14 Osman YAH, EL-Tobgy KMK, El-Sherbini EA. Effect of laser radiation
treatments on growth, yield and chemical constituents of fennel and
coriander plants. J Appl Sci Res 2009; 5:244–252.

15 El-Tobgy KMK, Osman YAH, El-Sherbini EA. Effect of laser radiation on
growth, yield and chemical constituents of anise and cumin plants. J Appl
Sci Res 2009; 5:522–528.

16 Salyaev RK, Dudareva LV, Lankevich SV, Makarenko SP, Sumtsova VM,
Rudikovskaya EG. The effect of low-intensity laser irradiation on the
chemical composition and structure of lipids in wheat tissue culture.
Dokl Akad Nauk 2007; 412:87–88.

17 Chen YP, Yuea M, Wang XL. Influence of He-Ne laser irradiation on seeds
thermodynamic parameters and seedlings growth of Isatis indogotica.
Plant Sci 2005; 168:601–606.

18 Vasilevski G. Perspectives of the application of biophysical methods in
sustainable agriculture. J Plant Physiol 2003; 179–186

19 Saric M, Verloo Kiekens M, Veighe G, Camerlyneck R. Chemical Analysis
of Plant and Soil. Laboratory of Anlytical and Agrochemistry state univ:
Ghent, Belgium 1967; 100–129.

20 Smith FM, Dubois M, Gilles KS, Hamilton DK, Rebers PA. Colormetric
methods for determination of sugars and related substances. Ann Chem
1956; 28:350–356.

21 Nagaraja P, Vasantha RA, Yathirajan HS. Sensitive and rapid
spectrophotometric methods for determination of anticancer drugs. J
AOAC Int 2002; 85:1021–1024.

22 Idrees M, Naeem M, Aftab T, Khan MM, Moinuddin K. Salicylic acid
mitigates salinity stress by improving antioxidant defense system and
enhances vincristine and vinblastine alkaloids production in periwinkle
[Catharanthus roseus (L.) G. Don]. Acta Physiol Plant 2011; 33:987–999.

23 Reddy CMB, Reddy GVS. Validated method for vinblastine by
spectrophotometry in bulk drug and pharmaceutical formulations. J
Chem Pharm Res 2012; 4:3703–3707.

24 Amirjani MR. Effect of drought stress on the alkaloid contents and growth
parameters of Catharanthus roseus. ARPN J Agric Biol Sci 2013;
8:745–750.

25 Bates LS, Waldren RP, Teare ID. Rapid determination of free proline of
water stress studies. Plant Soil 1973; 39:205–207.

26 Snedecor GW, Cochran WG. Statistical methods. 11th ed. Ames, Iowa,
USA: Iowa State Univ. Press 1990.

27 Kamiya Y, Garciamartinez JL. Regulation of gibberellin biosynthesis by
light. Curr Opin Plant Biol 2008; 2:398–403.

28 Sami AM. Physiological and anatomical studies on the effect of
gamma and laser irradiation and some bioregulators treatments on
the growth, flowering and keeping quality of gerbera plant [PhD
thesis]. Zagazig: Agricultural Science, Faculty of Agriculture,
Zagazig Univversity. 2010.

29 Macleod AM, Millar AS. Effect of gibberellic acid on basley endosperm. J
Inst Brewing 1962;66:322–332.

30 Kogl F, Elemo J. Adolphus between indole-3-acetic acid and gibberellic
acid. San Fransisco, USA: W.H. Freeman and Co. 1960.

31 Awatef IAA. Biotechnological Studies on Eustoma grandiflorum Plant [MSc
thesis]. Cairo: Agricultural Science, Faculty of Agriculture, Cairo University.
2017.

32 Sacher JA. Studies of permeability, RNA and protein turnover during ageing
of fruits and leaf tissue. Symp Soc Exp Biol 1967; 21:269.



148 Egyptian Pharmaceutical Journal, Vol. 18 No. 2, April-June 2019
33 Seyed ASN, Leila FA, Seyed MM, Mortazavian SS. Effects of salinity and
laser radiation on proline accumulation in seeds of spring wheat. J Plant
Physiol Breeding 2011; 1:11–20.

34 Zare N. Effect of laser priming on accumulation of free proline in spring
durum wheat (Triticum turgidum L.) under salinity stress. Int Trans J Engg
Manag 2014; 5:2228–9860.

35 Jeremy N, Kunz DV, Voronine HWH, Lee AVS, Marian OS. Rapid
detection of drought stress in plants using femtosecond laser-
induced breakdown spectroscopy. Opt Express 2017;
25:7251–7262.
36 Podleoeny J. Effect of laser irradiation on the biochemical changes in seeds
and the accumulation of dry matter in the faba bean. Int Agrophysics 2002;
16:209–213.

37 Metwally SA, Abou-Ellail M, Abo-Leila BH, Aboud KA. Effect
of laser radiation on the growth, anatomical and biochemical genetic
markers of Celosia argentea plants. Int J Acad Res 2013; 5:200–206.

38 El-Banna AN, El-Mahrouk M, El-Sayed MMK, Dewir YH, Omran
SA. Morphological and molecular characterization of induced
mutants in Nigella sativa L. using irradiation and chemical
mutants. Egypt J Plant Breed 2015; 19:257–272.


