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ABSTRACT

The present study was carried out at in vitro (Tissue culture and Germplasm Conservation Research
Lab.) to investigate the effect of different laser rays on inducing growth behavior, some chemical constituents
and antioxidant activity of Sequoia sempervirens. The in vitro shootlets were subjected to green (Argon laser),
red (Helium neon laser) and blue (Helium cadmium laser) rays for exposure time 5 min. The obtained data
pointed out that exposing the in vitro shootlets of Sequoia sempervirens to red laser radiation resulted in the
best results in shooting behavior (number of both shootlets and leaves as well as shootlets length), the
concentration of both chlorophylls a,b and proline content while, the shootlets exposed to blue laser
irradiation led to the highest rooting percentage and number of roots . Using green laser irradiation resulted in
the longest roots and augmented the endogenous content of carotenoids, cellulose and carbohydrate (%) as
well as total phenolic, flavonoid, tannin, antioxidant activity (DPPH) and reducing power ability of Sequoia
sempervirens plantlets in comparison with control.
Keywords: Shooting and Rooting, Antioxidant activity, Reducing power, Chemical constituents, Laser rays,
Sequoia sempervirens.
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INTRODUCTION

Sequoia sempervirens (D. Don.) Endl. coast redwood, is an important conifer species
as it is the tallest tree on earth with a high volume of standing biomass, in some stands
exceeding 3500 metric tons/hectare.It belongs to the gymenosperma, class Coniferophytes,
order Coniferales, sub-order Abietales, family Taxodiaceae [1]. Redwood possesses more
decay- and fire-resistance and, thus, greater longevity than other tree species [2]. Chemical
extracts of Sequoia sempervirens plants have several medicinal compounds extract, the
methanol extracts of some parts of sequoia have many of compounds strongly inhibited
colon, lung and breast tumors [3]. There are few in vitro studies on micropropagation of this
coniferous plant using different sources of explants [4-7 ].As for previous studies indicated
that sequoia is very hard to root and rooting percentage was low [8, 9].

Various physiological processes of growth and development in plants are modulated
by internal and external factors because plants are particularly sensitive to external
environmental factors. Previous studies have illustrated that laser radiation at suitable
doses notably improves enzyme activities [10].

Lasers are divided into two types, pulsed wave lasers and continuous wave lasers
[11]. The former, such as the neodymium: yttrium aluminum garnet (Nd: YAG) and XeCl
lasers, is used mainly in medical therapy [12], whereas the latter, such as the He-Ne and CO,
lasers, is used on crops [13, 14]. Many previous studies have shown that suitable doses of
He-Ne and CO, lasers (continuous wave) have a positive effect in accelerating plant growth
and metabolism [15, 16].[17] Found that low-intensity laser radiation stimulates
morphogenetic processes in tissue cultures of wild grasses, such as rhizogenesis and the
formation of morphogenic calli and regenerated plants. [18] suggest that a general cell
response induced by laser-light irradiation can be divided into two specific responses: the
first one consists in a rapid stress effect resulting an increase in the amount of lipid
peroxidation products, and the second and longer one are the secondary reactions related
to the adaptive metabolic changes and apparently accompanied by the stimulation of
morphogenetic processes. Laser activation of plants results in an increase of their
bioenergetic potential, leading to higher activation at phytochrome, phytochrome and
fermentative systems, as a stimulation of their biochemical and physiological processes [19].
Therefore there is a need to run a more thorough investigation focused on the biochemical
and physiological processes taking place in treated plants.

The aim of this study was to investigate the effect of different types of laser rays on
in vitro growth behavior, chemical composition,DPPH scavenging activity and reducing
power of Sequoia sempervirens plantlets to provide beneficial information about how and
why laser has physiological effect on plant and improvement its quantity and quality.

MATERIALS AND METHODS
This experiment was carried out at tissue culture and Germplasm Conservation
Research Laboratory, Horticulture Research Institute, Agriculture Research Center (ARC),

Department of Ornamental Plants and Woody Trees, Department of Plant Biochemistry,
National Research Center (NRC), Egypt during years 2013 and 2014 to evaluate some
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morphological, chemical composition changes and antioxidant activity in in vitro Sequoia
sempervirens plantlets treated with various laser types to provide beneficial information
about how and why laser has physiological effect on plant and improvement its production
guantitatively and qualitatively.

Plant materials

Shoots (5-10 mm) of Sequoia sempervirens collected from adult tree in Giza Zoo
were used as explants source (stem node) for micropropagation.

Culture medium

Half strength of basal salts of MS- medium supplemented with 0.5 mg/l of 6-
benzylamino-purine (BAP) and enriched with sucrose 25g/L and solidified with 0.7% agar.
The media were adjusted to pH 5.7 # 0.1, then autoclaved at 121°C and 1.2kg/ cm? for 15
min.

Culture conditions

The cultures were incubated in growth chamber at 24 £ 1°C under florescent lamps
with light intensity of 3k lux at 16 hr. photoperiods.

Laser rays

Helium neon laser "He-Ne", Argon laser "Ar" and Helium cadmium laser "He-Cd" was
used for shootlets (2cm) of Sequoia sempervirens in vitro for 5min.

The wavelengths of lasers rays were 632.8, 514.5 and 441.6 nm respectively. The
power densities for "He-Cd" and organ laser were adjusted nearly 250 mw/cm2 and 100-120
mw/cm2 for He-Ne laser. Laser irradiation treatments emitted from the standards device
was generally characterized in terms of power [in units of watts (w) and milli watts (Mw)].
The power levels vary from laser to laser [20]. The energy in joules is defined as the power
multiply with time intervals during which it’s estimated according the following equation:

Energy (Joules) = power (w) x time (second)

Each treatment consists of 25 replicates, seven- eight weeks after exposure treatments, the
following data were recorded:

Shooting behavior

° Number of formed shootlets per explant.
° Shootlet length (mm)
° Number of leaves per shootlet.

Rooting behavior

° Percentage of roots formation (%)
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. Number of roots /shootlet
° Root length (mm)

Extraction and determinations
Photosynthetic pigments

Photosynthetic pigments (chlorophyll a and b) as well as carotenoids were determined in
shootlets tissues as mg/100g fresh weight, according to the procedure achieved by [21].

Cellulose, Proline and Carbohydrate

Cellulose percentage was determined according to [22]. Carbohydrate percentage
was determined according to [23]. Proline content was determined in dry leaves by using
the methods of [24].

Extract preparation

About one gram of Sequoia sempervirens plantlets powdered samples was accurately
weighed and shacked with 200 ml of 85% methanol for 24 hr. using shaking incubator at
room temperature. Solids were separated by centrifugation and filtration extracts were
performed in triplicate for each individual sample then extracts were evaporated and
subjected for determinations.

Total Phenolic content

The total phenolic content of methanol extracts of Sequoia sempervirens irradiated
plantlets was determined according to the method described by [25]. Aliquots of the
extracts were taken in a test tube and made up to the volume of 1 ml with distilled water.
Then 0.5 ml of Folin-Ciocalteu reagent (1:1 with water) and 2.5 ml of sodium carbonate
solution (20%) were added sequentially in each tube. Soon after vortexing the reaction
mixture, the tubes were placed in the dark for 40 min and the absorbance was recorded at
725 nm against the reagent blank. The amount of total phenolic was calculated as Gallic acid
equivalents from a calibration curve.

Total Flavonoid

Total flavonoid was estimated using the method of [26]. To 0.5 ml of methanol
extracts of irradiated Sequoia sempervirens plantlets, 0.5 ml of 2% AICl; solutions was
added. Afterl hr. at room temperature filtered, and then the absorbance was measured at
420 nm. Total flavonoid contents were calculated as quercetin equivalent from a calibration
curve.
Determination of Tannins

Tannins of the Sequoia sempervirens plantlets treatments were determined using

the modified vanillin hydrochloric acid (MV-HCI) as reported by [27]. Samples of 1 gram
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dried irradiated plantlets were extracted with 1% concentrated hydrochloric acid in
methanol. The mixture then were shaken for 24 hours and let to settle. A 5 ml of vanillin-HClI
reagent (50:50 mixtures of 4% vanillin / 8% HCI in methanol) was quickly added to 1 ml
extract. The developed color was measured at 500 nm using spectrophotometer. The
standard curve of catechin was obtained and tannins were calculated.

Antioxidant Activity (DPPH Assay)

The free radical scavenging activity using the 1.1-diphenyl-2-picryl- hydrazil (DPPH)
reagent was determined according to [28].0.5 ml of the methanolic extracts of Sequoia
sempervirens irradiated plantlets were added to 1.5 ml of freshly prepared methanol DPPH
solution (20 pg ml) and stirred. The decolorizing processes was recorded after 5 min of
reaction at 517 nm and compared with a blank control.

Antioxidant activity = [(control absorbance - sample absorbance) / control absorbance] x
100%

Reducing Power Assay

The reducing power were determined according to [29].To 2.5 ml methanolic extracts of
Sequoia sempervirens irradiated plantlets were mixed with phosphate buffer (2.5 ml, 0.2M
pH 6.6) and potassium ferricyanide [K3 Fe (CN)¢] (2.5 ml, 1%). The mixture was incubated at
50°C for 20 min. A portion (2.5 ml) of trichloroacetic acid (10%) was added to the mixture to
stop the reaction, which was then centrifuged at 3000 rpm forl0 min. The upper layer of
solution (2.5 ml) was mixed with distilled water (2.5 ml) and FeCls (0.5 ml, 0.1%), and the
absorbance was measured at 700 nm. Increased absorbance of the reaction mixture
indicated increased reducing power.

Statistical analysis

The data obtained were subjected to standard analysis of variance procedure
whereas values of LSD were obtained at 0.05% as reported by [30].

RESULTS AND DISCUSSION
In vitro Shooting and rooting behaviors

The in vitro shooting behavior of Sequoia sempervirens after the treatment of
plantlets for 5min. with green [Argon (Ar)], red [Helium neon (He-Ne)] and blue [Cadmium
(Cd)] laser is shown in Table (1). Data indicated that, the maximum shootlets number per
explants, shootlet length and number of leaves per shootlet (5.86, 10.53 and 27.77,
respectively) were obtained with red laser treatment. The exposure to all laser irradiations
types used (green, red and blue lasers) was the preferred for shooting behavior as
compared to control treatments. The data go in line with those of [31], on Isatis indogotica
who mentioned that, the growth and development of seedlings were accelerated because
of He-Ne laser pretreatment of seeds, as it cause long-term alterations in biochemical and
physiological characters of the seedlings. [32] indicated that exposing the in vitro plantlets
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of Balanites aegyptiaca to red laser radiation for time exposure 4 or 8 min. resulted in the
best results in shooting behavior (number of both shootlets and leaves) while, using green
laser radiation for 1 min. resulted in the longest shootlets in Cotoneaster horizontalis,
increasing the exposure time to 3 min. led to the highest number of leaves/ shootlet.

Table 1: Effect of different types of laser rays on in vitro shooting and rooting behavior of Sequoia
sempervirens plants.

Number of Shootlet Number of Rooting Number of | Length of roots
Charatters shootlets length (mm) leaves percentage roots (mm)
Laser type (%) /shootlet

Control 1.66 3.58 15.33 6.67 0.33 1.17
Green 4.33 8.43 13.66 13.33 0.67 5.17
Red 5.86 10.53 27.77 33.33 1.67 4.5

Blue 4.00 9.16 17.83 66.67 3.33 2.07

LSD 0.05% 1.43 1.74 2.94 15.86 0.69 3.44

Concerning rooting behavior of in vitro Sequoia sempervirens shootlets as effected
by various types of laser irradiations, the data in table (1) showed that using cadmium ion
laser (blue) for 5 min., resulted in the highest values of both rooting percentage and number
of roots formed per shootlet (66.67 and 3.33%respectively) as compared to untreated
plantlets which gave the lowest values. Whereas, argon ion laser (green) irradiation resulted
in the longest roots (5.17mm). This finding was in agreement of that found by [32] on
Cotoneaster horizontalis and pointed out that exposing the in vitro plantlets to both argon
(green) or Cadmium (blue) laser irradiations for any time exposure (1,3 or 5 min.) caused the
highest rooting percentage, number and length of roots as compared to untreated ones
(control). Increasing the time exposure to 5 min. led to the best result in rooting behavior of
Contoneaster horizontalis. In addition, [17] found that low —intensity laser radiation
stimulates morphogenetic processes in tissue cultures of wild grasses, such as rhizogenesis
and the formation of morphogenic calli and regenerated plants. Similar effect of laser rays
on roots of sage plants was noticed by [33].The studies of [34] demonstrated the ability of
green argon laser to induce effect of laser irradiation on organs that chiefly of light,
electromagnetism, temperature and pressure effects. However, the low power laser,
especially the laser of visible wavelength, was supposed to-emit little heat and pressure
effect, therefore the influence mechanism of laser irradiation is most likely attributed to its
light and electromagnetism effects [35].

Photosynthetic pigments

The results of laser light influence on parameters of photosynthetic pigments in
Sequoia sempervirens shootlets for all the examined types are presented in Table (2). Red
[Helium neon (He-Ne)] laser light treatment significantly increased both chlorophyll a and b
to the highest values (549.26 and 292.35 mg/100gF.W. respectively) as compared to the
control and exposure the in vitro plantlets to argon ion laser (green) irradiation resulted in
the highest content of carotenoids (168.61mg/100gF.W.). Similarly [31] exposed the seeds
of Isatis indogotica to He—Ne laser irradiation for 5 min. Laser pretreatment also resulted in
a significant increase in the concentration of chlorophyll a, chlorophyll b and total
chlorophyll. This may attributed to short time irradiation with laser light has an influence on
the course of metabolic processes in cells, as well as on their photosynthetic activity. This
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indicates that the cell is able to absorb, transform and use the energy of laser light photons

[36].
Table 2: Effect of different types of laser rays on photosynthetic pigments of Sequoia sempervirens plantlets
(mg/100g).
eterminations Chl.a Chl.b Carotenoids
Laser type
Control 122.5+22.72 | 83.86+12.71 | 72.5318.24
Green 357.745.77 250.98+42.18 | 168.61+2.43
Red 549.26+39.04 | 292.35+17.31 | 137.42+9.40
Blue 401.78429.73 | 227.154£11.99 | 122.37+3.71
LSD at 0.05% 51.20 45.96 12.49

All values are the mean of three replicates (+Standard division)

Cellulose, total carbohydrates and proline content

The values of cellulose and carbohydrate (%) of Sequoia sempervirens plantlets as
shown in Table (3) showed that the treatment with argon ion laser (green) irradiation
resulted in remarked increase in both cellulose and carbohydrate percent (41.66 and
11.28%, respectively) while, the highest value of proline (5.73 umoles/g D.w.) was obtained
from the He—Ne (red) laser irradiation as compared to control and other treatments. These
results suggest that for different types of radiation with laser had the greatest effect on
cellulose, carbohydrate and proline contents. There are some reports showing that
pretreatment by laser irradiation increased the quality and quantity of produced plants.
According to [37] pre sowing stimulation of seeds of alfalfa with laser light caused a
decrease in the content of crude fibre. [38] Showed that, both fennel and coriander
chemical content of carbohydrate increased with all laser used treatments than the
contents of control (untreated fruits). In higher plants, proline is synthesized in cytosol
either from L-glutamic acid or from L-ornithine. On the other hand, proline is metabolized in
the mitochondria to L-glutamic acid via proline dehydrogenase [39]. The glutamic kinase
requires ATP for the reactions. For regulatory enzymes requiring ATP, the energy gradient,
ATP/ADP thus plays an important regulatory role [40]. Some researches show a physical-
chemical difference in the ATP molecule after irradiation with lasers beam [41]. Therefore
one of the reasons for an increase of the proline content by irradiation, can be the effect of
laser to activity of ATP molecules, the content of ATP was used for glutamic kinase at
mitochondria.

Table 3: Effect of different types of laser rays on endogenous concentration of cellulose, total carbohydrate,
proline, total phenolic, flavonoid and tannin content of Sequoia sempervirens plantlets.

eterminations Cellulose Total Proline um Total Total Tannins
(%) Carbohydrate /gD.W. Phenolic Flavonoid (mg
(%) (mg gallic /g mg catechin/g
Laser typ D.W.) Querstine D.W.)
/gD.W.
control 10+2.5 4.77+0.4 5.17310.07 | 6.2710.272 1.30610.01 0.5610.041
Green 41.6613.82 11.28+1.06 2.541£0.037 | 22.70£1.04 3.6731£0.49 1.14+0.123
Red 6.331£1.25 9.48%£2.19 5.73£0.079 | 17.00£0.49 2.94610.27 0.951£0.03
Blue 20.831+2.88 9.38+1.22 2.92+0.109 | 10.20%0.2 1.533+0.05 0.77+0.042
LSD at 0.05% 5.22 2.59 0.15 1.129 0.528 0.132
All values are the mean of three replicates (xStandard division).
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Total phenolic, flavonoid and tannins content

Data illustrated in (Table 3) showed that, the level of endogenous total soluble
phenolic, flavonoid and tannins content in Sequoia sempervirens plantlets were significantly
affected by laser irradiance treatments as compared to the control. The in vitro plantlets
treated with argon ion laser (green) irradiation resulted in the highest values (22.70 mg,
3.67 mg, and 1.14 mg respectively) while control (untreated plantlets) showed the lowest
values. Such results are in agreement with the findings of [42] who pointed out that total
soluble phenol in seed coats of Acacia farnesiana were significantly affected by laser
irradiance treatments as compared to the control, regardless of the effect of exposure time
treatments. [43] suggest that a general cell response induced by laser light irradiation can
be divided into two specific responses: the first one consists in a rapid stress effect resulting
in an increase in the amount of lipid peroxidation products, and the second and longer one
are the secondary reactions related to the adaptive metabolic changes and apparently
accompanied by the stimulation of morphogenetic processes. The 532 nm laser affected the
photosynthesis efficiency of soybean seedlings and could increase the isoflavone content
[44].

Similar studies [45] investigated that the primary response of plant tissues to
radiations is an increase in the content of lipid peroxidation products of peroxide oxidation.
Their data demonstrated that the laser light stimulates morphogenetic processes in plant
tissues at later stages, as well and believing that this stimulation may be conditioned
metabolic changes caused by the change of content of a number of compounds formed as a
result of the primary photoreactions .Such compounds might also include products of
peroxide oxidation with an increase in their amounts as response to the impact of laser
radiation.

DPPH Free Radical Scavenging Activity

100
=
- —
S X 50
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i, W
'E '.E- U T T T
=X % control Green Red Blue
< Laser Type

Figure 1: Effect of different types of laser rays on Radical Scavenging activity (DPPH) of Sequoia sempervirens plantlets.
Data are shown as the mean of three replicates + S.D. of all treatments (LSD 0.05% 3.81).

The stable radical DPPH has been used widely for the determination of primary
antioxidant activity. The assay is based on the reduction of DPPH radicals in methanol which
causes an absorbance drop at 517nm. As shown in Fig. (1), the antioxidant activity of
Sequoia sempervirens plantlets exhibited a significant increase in radical scavenging activity
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with all laser types. The argon ion laser (green) irradiation resulted in the highest DPPH
radical scavenging activity (75.01%) whereas the He—Ne (red) laser and the Cadmium (blue)
laser irradiations recorded (62.50 and 57.2% respectively). The effect of antioxidants on
DPPH is thought to be due to their hydrogen donating ability [46]. The study showed that all
types of lazer irradiation positively affect the radical scavenging activity of Sequoia
sempervirens plantlets.

Reducing Power Ability:

The reducing power assay using Fe (lll) reduction as an indicator of electron donating
showed the presence of antioxidants in the extracts reduced the Fe (lll) to Fe (IlI) by
donating an electron. Amount of Fe (ll) complex can be then be monitored by measuring the
formation of Perl’s Prussian blue (Fe4 [-Fe (CN) 6]°) at 700 nm [47]. Figure (2) indicated that
laser types exhibited a significant effect on Sequoia sempervirens plantlets reducing power
activity. The in vitro plantlets treated with argon ion laser (green) irradiation recorded the
highest reducing power (273% of control) followed by the He—Ne (red) laser irradiation
(193.65% of control), while the Cadmium (blue) laser irradiations exhibited (139.68% of
control). Different studies have indicated that the electron donation capacity reflects the
reducing power of bioactive compounds is associated with antioxidant activity. The increase
in reducing power ability may be attributed to the increase in total phenolic, flavonoid and
tannins contents in response to lazer radiation.
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Figure 2: Effect of different types of laser rays on Reducing Power ability of Sequoia sempervirens plantlets.
Data are shown as the mean of three replicates + S.D. of all treatments (LSD 0.05% 0.103).
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