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Background and objective
Cancer is still a major health problem worldwide, with an estimated 18.1 million new
cases in 2018, and it is expected to increase by 75% by 2030. Chemotherapeutic
drugs have disadvantages such as toxicity to noncancerous tissues, drug
resistance, and recurrence of cancer. Medicinal plants with their active
components have great potential as an important source for novel drug
discovery owing to their availability, efficiency, and safety. Searching for new
strategies to obtain new drugs with higher efficiency and more safety represents
an urgent need. Laser light treatment for seeds is known to improve germination,
plant growth, and bioactive substance. The goal of this study was to investigate the
effect of laser irradiation on improvement of the phytochemicals compounds and
biological activities of Balanites aegyptiaca seeds.
Materials and methods
The effect of laser pretreatment was investigated at different powers, that is, 25, 50,
100, and 200mW, with two-time intervals for each power (2 and 4min), on B.
aegyptiaca seeds to enhance the germination and antioxidant activity of the
methanolic extracts of their dry plant material through different assays and
select the most powerful laser pretreatment extract to evaluate the
anticarcinogenic activity on different cell lines.
Results and conclusion
The results bring to light that the most efficient laser treatment for seeds of B.
aegyptiacawas at 200mW/4min, which induces the highest yield percentage, total
phenolic and flavonoid contents, metal chelating, reducing power, as well as free
diphenylpicrylhydrazyl and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
radical scavenging activities. Based on these outcomes, the antiproliferative
screening assay of the methanolic extracts for the shoots (S) and roots (R) dry
plant material of B. aegyptiaca after helium-neon laser treatment at 200mW for
4min compared with control was performed on a panel of three cancer cell lines
(HepG2, HCT116, and MCF-7) using the sulphorhodamine-B assay, and
cytotoxicity was determined using normal BHK fibroblast cell line. Obtained
results indicated that these extracts should be regarded as potential
anticarcinogenic resources against the HepG2 cell line, displayed moderate
activity against MCF-7 and HCT116 cell lines, and exhibited no activity against
the growth of the normal BHK cell line. Furthermore, a comparison between these
laser-treated extracts, and their mixtures against their control extracts and their
mixtures, using the doxorubicin as the reference drug on the HepG2 cell line was in
favor of the laser-treated roots and shoots extracts, respectively.
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Introduction
Medicinal plants have been used in healthcare for
thousands of years to treat various types of human
illnesses such as diabetes, cardiovascular diseases, and
cancer owing to their accessibility, low cost,
affordability, and safety compared with synthetic
drugs [1,2]. Many potential herbal extracts and their
active components known as phytochemicals have been
evaluated for cancer prevention and treatment or for
decreasing the adverse effects accompanied by
Wolters Kluwer - Medknow
chemotherapy [3–5]. Anticancer drug development
from natural resources is ventured throughout the
world, and nowadays, ∼60% of all anticancer drugs
are of natural origin [6,7].
DOI: 10.4103/epj.epj_184_22
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Balanites aegyptiaca (L.) Del. is a wild spiny,
semideciduous or evergreen tree, classified as a
member of the genus Balanites, which belongs to
the zygophyllaceae family; its earlier identification
was Balanitaceae or Simaroubaceae families [8–10].
It can be naturally grown in many kinds of habitats,
climatic levels, and soil types [11]. It is widely
distributed throughout the tropical belt of Africa,
the Middle East, and South Asia [12,13]. It has
antifungal, antibacterial, antivirus, antinociceptive,
anticonvulsant, antioxidant, antiproliferative, and
anticancer effects [14–16]. Besides its medicinal
uses, it is widely used as food or confectionary,
fodder, shade, charcoal, timber, fuel wood, and for
keeping insects away [9,17].

The phytochemical composition of different parts of B.
aegyptiaca showed the presence of high amounts of
saponins, which represent the main chemical
constituents of the B. aegyptiaca fruit [18]. Prior
research reported the existence of saponins, steroidal
sapogenins, or steroidal glycosides in all plant sections,
mainly yielding diosgenin and yamogenin, which are
the synthetic precursors for cortisones, oral
contraceptives, and other steroidal drugs in the
pharmaceutical industry [19,20]. In addition, other
bioactive compounds such as steroids, alkaloids,
phenolic acids, tannins, fatty acids, terpenes,
flavonoids, glycosides, lipids, proteins, carbohydrates,
organic acids, and vitamins were reported [21].

Searching for new techniques that are environmentally
clean, safe, and enhance plant growth, yield, and
biochemical and physiological parameters is
interesting. Laser (light Amplification by
Stimulation of Radiation) is used for this purpose
regarding its distinctive characteristics [22]. Many
reports revealed that laser treatments of some plant
seeds, such as alfalfa [23], sunflower [24], soybean [25],
Adansonia digitata [26], lemongrass sprouts [27],
common buckwheat, and tartary buckwheat sprouts
[28], at appropriate wavelength, time, and power
increase shoot and root length, the yield of crop,
and rate of germination, with an enhancement in
protein content, enzymatic activity, and antioxidant
activity. To the best of our knowledge, the effect of
laser treatment on the B. aegyptiaca seeds to improve
the bioactive compounds and biological activity of B.
aegyptiaca seeds extract has not been investigated. From
this point of view, phytochemical constituents,
antioxidant capacity, as well as in vitro anticancer
activity were estimated under helium-neon (He-Ne)
laser treatment compared with the control. Our study
hypothesized that laser irradiation improves the
phytochemicals compounds and biological activities
of B. aegyptiaca seeds, which leads to enhanced
anticancer activity in different cell lines.
Materials and methods
Plant material and treatment conditions
The seeds of B. aegyptiaca were collected during the
period between March and July 2019 from a local
market in the New Valley Governorate, Egypt. The
epicarp (outer cover) was gently removed by hand, and
the mesocarp (pulp) was manually scraped with a sterile
sharp blade. The hard-woody endocarp of the fruits
was mechanically broken by light hammering to release
the seeds, which were collected and washed with
running tap water for a few minutes and were dried
at room temperature for 30min before laser pre-
illumination. The light source used in this
experiment was the He-Ne laser equivalent system,
with a wavelength of 630 nm (equipment whitening,
laser II; DMC Equipment Ltd, China) used for seed
pre-illumination. The seeds were divided into nine
groups (50 for each), comprising the control group
without any irradiation and eight laser treatments
conducted at different powers of 25, 50, 100, and
200mW with the two-time intervals for each power
at 2 and 4min [26].

The experiment was repeated three times. Each seed
was individually irradiated with laser treatment. The
laser was perpendicular to the seeds, and the distance
between the laser source and the seeds was 15 cm. The
treated seeds and control were sterilized with 50%
sodium hypochlorite (9.4% active chlorine) for
20min, and afterward, these seeds were washed with
distilled water four times.
Balanites aegyptiaca seed germination
The sterilized seeds were placed on Murashige and
Skoog [29] medium supplemented with 3% (w/v)
sucrose and 0.4% phytagel, and the pH was adjusted
to 5.7 using 1M NaOH. The cultures were incubated
at 24°C in a growth chamber under a 16 : 8 h light :
dark photoperiod managed through cool white
fluorescence tubes. After 4 weeks of germination
(Fig. 1), the explants including shoots and roots
were collected and prepared for extraction.
Plant extract preparation
The collected fresh plants (shoots and roots) of B.
aegyptiaca were properly washed in tap water, rinsed
using distilled water, cut into small pieces, and air-
dried at room temperature. The air-dried plant
material was pulverized into uniform powder using



Figure 1

After 4 weeks of germination, the fresh explants including shoots and roots of Balanites aegyptiaca were as follows: (a) the sterilized seeds
placed on Murashige and Skoog (MS) medium. (b) The explant development after 4 weeks. (c) The long coiled roots of the B. aegyptiaca
explants. (d) The different stages of the explant development. (e) During the collection of fresh explants before extract preparation.
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an electric blender and was stored in a glass container in
dark with avoiding exposure to sunlight to prevent the
loss of active components until extraction, and analysis
was done according to the method of Mohamed et al.
[30].

The concentrated methanolic extracts were weighed,
and their percentage yields were calculated based on dry
weight from the following equation:

Yield% ¼ W1=W2× 100

Where, W1 and W2 were the weight of the extract
after the solvent evaporation and the weight of the dry
plant material, respectively. A part of different dry
extracts of the shoots and roots of B. aegyptiaca,
which their seeds exposed to He-Ne laser at
different time intervals and different powers before
germination or those without irradiation exposure,
was reconstituted with methanol to prepare different
concentrations from 0.1 to 4mg/ml, and then stored at
4°C. The other part of the extracted residues is stored
in a refrigerator at 4°C for subsequent analysis. In this
study, the methanolic extracts of the shoots (S) and
roots (R) dry plant material of B. aegyptiaca after He-
Ne laser treatment at different powers (25, 50, 100, and
200mW) and different time intervals (2 and 4min)
compared with control were screened through the
following phytochemical assays to elucidate the
effect of different laser pretreatment on enhancing
the antioxidant activity, and then the most potent
laser pretreated extracts were selected to estimate the
anticarcinogenic activity on different cell lines.

Phytochemical screening
Total phenolic content

The total phenolic content of the extract was estimated
as gallic acid equivalents essentially according to that
described by Quettier-Deleu et al. [31] with minor
modification [7]. The results were expressed in mg of
gallic acid/g dry substrate (mgGAE/gds).

Total flavonoid content

The total flavonoid content was determined according
to a procedure proposed by Horszwald and Andlauer
[32]. The results obtained for analyzed extracts were
expressed as mg of quercetin (Q) per g dry substrate of
extract (mgQ/gds).
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Antioxidant capacity analyses
Diphenylpicrylhydrazyl free radical-scavenging assay

1,1-diphenyl-2-picryl-hydrazyl(DPPH) method was
used for determination of the free radical-scavenging
activity of the B. aegyptiaca extracts based on the
method of Mahmoud et al. [7], Mensor et al. [33],
and Dessalegn et al. [34]. The inhibitory percentage of
DPPH was calculated according to the following
equation:

Scavenging activity (%)=[1-(absorbance of sample/
absorbance of control)]×100%

The antioxidant activity of the extracts was expressed as
IC50 value, which was defined as the concentration
(μg/ml) of extracts that scavenges the DPPH radical by
50% and calculated by graphing the concentration
against percentage inhibition.
2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical

scavenging assay

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) reagent was prepared and used for
determination of the free radical-scavenging activity
of the extracts as described by methods of Re et al.
[35] and Abdel-Aty et al. [2]. The inhibitory
percentage of ABTS was calculated according to the
following equation:

Scavenging activity %ð Þ ¼ 1� absorbance ofð½
sample= absorbance of controlÞ� × 100%

Metal (ferrous, Fe2+) ion-chelating ability assay

The chelating ability of ferrous ion in all extracts was
estimated according to the original method of Decker
and Welch [36] with minor modifications [37].

The percentage of inhibition of ferrozine-Fe2+complex
formation was calculated using the following equation:

Chelating activity %ð Þ ¼ 1� absorbance of sample=ð½
absorbance of controlÞ�× 100%:

Reducing power assay

The reducing power of the extracts was estimated by
the original method of Oyaizu [38] with minor
modifications [39] with using ascorbic acid as
standard at concentrations of 10, 20, 50, 100, 150,
200, and 250 μg/ml.

Determination of potential in vitro cytotoxicity of the

methanolic extracts

The anticancer activity of the methanolic extracts of B.
aegyptiaca shoots (S) and roots (R) that their seeds are
exposed to He-Ne laser (L) of 200mW for 4min was
screened against different cell lines using
sulphorhodamine-B (SRB) assay according to Omar
et al. [40] and El-Shahat et al. [41].
Cell lines and culturing

Human tumor carcinoma cell lines, including liver
(HepG2), breast (MCF-7) and colon (HCT116) as
well as normal baby hamster kidney fibroblast (BHK)
cell line used in this study were obtained from the
American Type Culture Collection (ATCC,Minisota,
USA). All experiments carried out on the cell lines were
approved by the Research Ethical Committee at the
National Research Centre, Egypt (Registration
Number: 92302021). The cells were maintained in
DMEM supplemented with 10% HIFCS, penicillin
(100U/ml), and streptomycin (100 μg/ml) at 37°C in a
humidified atmosphere containing 5% CO2. Cells at a
concentration of 0.50×106 were grown in a 25cm2 flask
in 5ml of culture medium [42].

The extracts were prepared by dissolving 1mg/1ml of
dimethylsulfoxide (DMSO) as a stock solution and
diluted to the appropriate volume just before adding to
the cell culture. Cells were seeded in 96-well microtiter
plates at the initial concentration of 4×103 cell/well in a
200μl fresh medium and left for 24 h to attach to the
plates. Different concentrations of the samples were
used (0–500 μg/ml), where each sample concentration
was added to three wells. The reference drug,
doxorubicin, acts as positive control, whereas control
cancer cells treated with DMSO act as negative
control. The plates were incubated with the extracts
for 48 h at 37°C and in an atmosphere of 5% CO2.
Following 48 h of treatment, the cells were fixed with
10 μl of cold trichloroacetic acid at 10% final
concentration for 1 h at 4°C. The plates were
washed five times with distilled water and stained
with 50 μl of 0.2% (w/v) SRB dissolved in 1% acetic
acid for 30min in dark at room temperature. The plates
were then washed four times with 1% acetic acid and
air-dried. The dye was solubilized with 200 μl/well of
10mM tris base (pH 10.5) and for 5min on a shaker
(Orbital shaker OS 20, Boeco, Germany) at 1600 rpm.
The optical density (OD) of each well was measured
spectrophotometrically at 570 nm with an ELISA
microplate reader (Sunrise Tecan Reader, Germany),
where the OD is directly proportional to the surviving
fraction. The mean values of each extract concentration
were calculated.

The percentage of cell survival was calculated as
follows:

Surviving fraction ¼ OD treated cellsð Þ=OD control cellsð Þ:



Table 1 The percentage yields (%) of methanolic extract of
shoots (S) and roots (R) dry plant material of Balanites
aegyptiaca after helium-neon laser treatment at different
powers (25, 50, 100, and 200mW) and different time intervals
(2 and 4min) compared with control

The Balanites
aegyptiaca
methanolic
shoots extracts

Yield
(W1/W2)%

The Balanites
aegyptiaca
methanolic

roots extracts

Yield
(W1/W2) %

CS 11.47±0.58 CR 24.10±0.94

4/200 S 36.22±1.12a* 4/200 R 37.44±0.59b*

2/200 S 28.10±1.22a* 2/200 R 18.21±1.19bX–

4/100 S 35.28±0.61a* 4/100 R 10.20±0.68b*

2/100 S 30.19±0.59a* 2/100 R 24.31±0.50

4/50 S 17.61±1.08a* 4/50 R 9.34±0.6b*

2/50 S 21.52±0.64a* 2/50 R 10.56±0.64b*
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The relation between the percent of cell viability
fraction and extract concentration was plotted. The
IC50 values (the concentrations of drug required to
produce 50% inhibition of cell growth or viability) were
also calculated using prism version 5.

Further investigation was done to compare roots and
shoots that were exposed to laser 200mW/4min (LR
and LS) with their control shoots and roots that were
not exposed to laser (CR and CS), respectively, against
HepG2 cell line using SRB assay. In addition, a
mixture of LR and LS was compared with a mixture
of CR and CS against the HepG2 cell line.
4/25 S 2.48±0.04a* 4/25 R 20.54±1.05

2/25 S 34.52±0.68a* 2/25 R 24.51±1.21

The experiment was carried out in triplicate. Values are given as
mean±SE of three batches. One-way analysis of variance/Tukey
HSD post-hoc analyses were used for % yields comparison of
means differences between groups where F ratio=156.1. a and b are
significantly different from the control methanolic extracts of the
shoots and roots (CS and CR, respectively) of Balanites aegyptiaca
whose seeds were germinated without using laser exposure, at
significance level. *P value less than 0.001. X–P value less than 0.01.
Statistical analysis
All experiments were performed in triplicates. The data
were expressed as mean±SE. Statistical analysis was
carried out using the SPSS software package (version
24.0, Armonk, NY: IBM Corp, USA) and analyzed
using one-way analysis of variance followed by the
Tukey HSD and Games-Howell post-hoc test for
multiple comparisons. P values less than 0.05 were
considered statistically significant.
Results
To achieve the desired objective of this study, the
methanolic extracts of the shoots (S) and roots (R)
dry plant material of B. aegyptiaca after treatment of
seeds with He-Ne laser (L) at different powers (25, 50,
100, and 200mW) and different time intervals (2 and
4min) compared with control were screened through
the preceding phytochemical assays to demonstrate the
effect of different laser pretreatments on boosting
antioxidant activity, followed by nominating the
most potent laser pretreated extract to assess the
anticarcinogenic activity in different cell lines. The
results are represented as follows.
Yields of different methanolic extracts
The percentage yields of the methanolic extracts of the
roots (R) and shoots (S) of B. aegyptiaca, whose seeds
were exposed to He-Ne laser (L) at different time
intervals and different powers before germination, as
well as the control roots (CR) and control shoots (CS)
that were not exposed to irradiation, which were
calculated per gram of dry plant material based on
the yield (%) equation, were evaluated and are
presented in Table 1. It was noticed that the
methanolic extracts of the roots and shoots of B.
aegyptiaca, whose seeds were exposed to a He-Ne
laser of 200mW for 4min (4/200 LR and 4/200
LS), had the highest percentage yields of the
concentrated extract (37.44±0.59 and 36.22±1.12%,
respectively) among other methanolic extracts that
were exposed to other time intervals and other
powers, besides a significant increase (P<0.001) in
percentage yields when compared with CR and CS
(24.10±0.94 and 11.47±0.58%, respectively).
The total phenolic content
The total phenolic recovery in the methanolic extracts
of the roots and shoots of B. aegyptiaca, whose seeds
were exposed to He-Ne laser at different time intervals
and different powers before germination, were
quantified and expressed in mg of gallic acid/g dry
substrate (mgGAE/gds). As presented in Table 2, the
methanolic extracts of 4/200 LR and 4/200 LS (R and
S of B. aegyptiaca whose seeds were exposed to laser at
200mW for 4min), showed the highest total phenolic
contents (1458.2±2.34 and 890.00±2.79mgGAE/gds
for 4/200 LR and 4/200 LS, respectively, using
gallic acid as a standard), among other methanolic
extracts of the R and S of B. aegyptiaca whose seeds
were exposed toHe-Ne laser at other time intervals and
other powers before germination; especially, a
significant increase (P< 0.001) was obtained when
compared with R and S that were not exposed to
laser (CR and CS) (total phenolic yields of CR and
CS was 262.04 ± 1.42 and 545.37 ± 3.88 mgGAE/gds,
respectively).
The total flavonoid content
The total flavonoid content in the methanolic extracts
of the R and S of B. aegyptiaca whose seeds were



Table 2 The total phenolic contents (mgGAE/gds) of the methanolic extracts for the shoots (S) and roots (R) dry plant material of
Balanites aegyptiaca after helium-neon laser treatment at different powers (25, 50, 100, and 200mW) and different time intervals
(2 and 4min) compared with control

The Balanites aegyptiaca
methanolic shoots extracts

The total phenolic content
(mgGAE/gds) at 1000 μg/ml

The Balanites aegyptiaca
methanolic roots extracts

The total phenolic content
(mgGAE/gds) at 1000 μg/ml

CS 545.37 ±3.88 CR 262.04±1.42

4/200 S 890.00±2.79a* 4/200 R 1458.2 ± 2.34b*

2/200 S 310.96±2.79a* 2/200 R 365.26± 3.76b*

4/100 S 288.38±2.79a* 4/100 R 220.64± 1.86b*

2/100 S 226.02±4.20a* 2/100 R 236.23± 3.76b*

4/50 S 242.15±4.20a* 4/50 R 302.90± 3.72b*

2/50 S 251.82±3.27a* 2/50 R 348.06± 2.79b*

4/25 S 229.24±3.76a* 4/25 R 291.07± 3.76b*

2/25 S 219.57±2.34a* 2/25 R 273.33±2.34

The experiment was carried out in triplicate. Values are given as mean±SE of three batches. One-way analysis of variance/Tukey HSD
post-hoc analyses were used for comparison of means where F ratio=949.6. a and b are significantly different (*P<0.001) from the control
methanolic extracts of the shoots and roots (CS and CR, respectively) of Balanites aegyptiaca which their seeds germinated without using
laser exposure.

Table 3 The total flavonoids content (mgQ/gds) of the methanolic extracts for the shoots (S) and roots (R) dry plant material of
Balanites aegyptiaca after helium-neon laser treatment at different powers (25, 50, 100, and 200mW) and different time intervals
(2 and 4min) compared with control

The Balanites aegyptiaca
methanolic shoots extracts

The total flavonoids content
(mgQ/gds) at 1000 μg/ml

The Balanites aegyptiaca
methanolic roots extracts

The total flavonoids content
(mgQ/gds) at 1000 μg/ml

CS 37.12±2.07 CR 25.88±1.87

4/200 S 231.64±3.61a* 4/200 R 389.40±3.81b*

2/200 S 26.28±2.01 2/200 R 30.55±2.68

4/100 S 46.20±3.81 4/100 R 23.10±1.91

2/100 S 72.24±2.78a* 2/100 R 29.30±2.65

4/50 S 144.09±3.26a* 4/50 R 19.80±1.91

2/50 S 38.40±2.83 2/50 R 120.47±2.51b*

4/25 S 155.28±5.72a* 4/25 R 69.72±1.86b*

2/25 S 72.48±3.91a* 2/25 R 13.86±0.38

The experiment was carried out in triplicate. Values are given as mean±SE of three batches. One-way analysis of variance/Tukey HSD
post-hoc analyses were used for the comparison of means where F ratio=1038. a and b are significantly different (*P<0.001) from the
control methanolic extracts of the shoots and roots (CS and CR, respectively) of Balanites aegyptiaca which their seeds germinated
without using laser exposure.
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exposed to He-Ne laser (L) at different time intervals
and different powers before germination was
quantified and expressed in mg of quercetin/g dry
substrate (mgQ/gds). As shown in Table 3, the
methanolic extracts of 4/200 LR and 4/200 LS
showed the highest total flavonoid content
(389.40 ± 3.81 and 231.64 ± 3.61mgQ/gds,
respectively) among other methanolic extracts of the
roots and shoots of B. aegyptiaca whose seeds were
exposed to He-Ne laser at different time intervals and
different powers before germination, and especially, a
significant increase was obtained (P< 0.001) when
compared with the control methanolic extracts of the
roots and shoots (CR and CS) of B. aegyptiaca whose
seeds were germinated without using laser exposure
and had total flavonoid yields of 25.88 ± 1.87 and
37.12 ± 2.07mgQ/gds, respectively.
Antioxidant capacity analyses
Diphenylpicrylhydrazyl free radical-scavenging activity

The antioxidant activities of different concentrations
(0.1–4mg/ml) of methanolic extracts of LR and LS of
B. aegyptiaca whose seeds were exposed to He-Ne laser
(L) at different time intervals and different powers
before germination, and R and S of seeds that were not
exposed to irradiation (CR and CS) were measured
using DPPH radical-scavenging activity assay. As
demonstrated in Table 4, there was a gradual
increase in the DPPH radical scavenging activity of
the extracts with an increase in the concentration of the
extract. The maximum radical scavenging activities
were obtained at extract concentrations of 4mg/ml
for all extracts. A significant difference (P<0.05)
was observed between LR and LS, and CR and CS.
It was noticed that the methanolic extracts of LR and



Table 4 Diphenylpicrylhydrazyl free radical scavenging activity (%) of different concentrations of the methanol extracts of the
shoots and roots of Balanites aegyptiaca after helium-neon laser treatment at different powers (25, 50, 100, and 200mW) and
different time intervals (2 and 4min) compared with control

Antioxidant activity

% DPPH free radical-scavenging at

The Balanites aegyptiaca methanolic extracts 100 μg/ml 500 μg/ml 1000 μg/ml 2000 μg/ml 4000 μg/ml IC50 (μg/ml)

Shoots: CS 0.14±0.01 2.74±0.03 42.41±0.04 96.31±0.10 97.56±0.09 1600.4±0.68

4/200 S 19.54±0.02a* 40.20±0.02a* 64.59±0.04a* 97.67±0.01a¥ 98.65±0.06a¥ 794.31±1.32a*

2/200 S 10.86±0.03a* 21.10±0.02a* 36.66±0.05a* 82.52±0.54aX– 97.37±0.04 1531.8±2.98aX–

4/100 S −5.64±0.03a* 20.75±0.01a* 34.35±0.25aX– 70.73±0.50aX– 96.72±0.05a¥ 1785.3±5.10aX–

2/100 S 7.47±0.06a* 15.72±0.03a* 31.52±0.06a* 71.49±0.33a* 96.76±0.09a¥ 1748.4±1.08a*

4/50 S 18.33±0.04a* 34.45±0.04a* 52.70±0.61a¥ 96.60±0.18 96.15±0.05aX– 1041.8±7.81a*

2/50 S 17.57±0.03a* 14.10±0.14a* 31.72±0.15a* 52.19±0.17a* 96.72±0.05a¥ 1870.4±3.89a*

4/25 S 10.68±0.04a* 13.49±0.02a* 29.41±0.01a* 50.54±0.01a* 94.89±0.05a* 1978.3±0.66a*

2/25 S 6.62±0.02a* 10.98±0.16aX– 21.67±0.02a* 41.55±0.01a* 88.63±0.05a* 2270.3±1.16a*

Roots: CR 5.73±0.07 32.38±0.05 53.92±0.09 96.19±0.12 96.82±0.11 1206.2±2.32

4/200 R 43.80±0.04b* 95.39±0.02b* 96.74±0.09b* 100.4±0.02bX– 104.53±0.05b* 148.08±0.31b*

2/200 R 13.57±0.02b* 32.37±0.04 56.66±0.30 96.08±0.09 96.40±0.12 1091.1±5.03bX–

4/100 R 16.44±0.06b* 28.15±0.02b* 48.82±0.80 94.17±0.14bX– 96.08±0.09 1204.2±9.98

2/100 R 13.57±0.02b* 34.03±0.01bX– 53.73±0.21 95.40±0.15 96.85±0.09 1104.7±1.06b*

4/50 R 16.22±0.04b* 30.77±0.06b* 56.46±0.16bX– 96.17±0.37 95.28±0.55 1081.3±6.35bX–

2/50 R 10.20±0.06b* 27.70±0.03b* 48.62±0.64 96.80±0.28 95.47±0.11b¥ 1260.3±8.91

4/25 R 13.31±0.02b* 25.11±0.01b* 46.18±0.03b* 93.13±0.02bX– 97.40±0.11 1295.7±0.97b*

2/25 R 9.13±0.04b* 22.79±0.13b* 36.27±0.03b* 80.51±0.01b* 85.07±0.11b* 1682.3±1.88b*

DPPH, diphenylpicrylhydrazyl. The experiment was carried out in triplicate. Values are given as mean±SE of three batches. One-way
analysis of variance/Tukey HSD post-hoc analyses were used for % DPPH free radical-scavenging at 100 μg/ml (% DPPH100) comparison
of mean differences between groups where F ratio=6.347×10 4, whereas one-way Welch analysis of variance/Games-Howell post-hoc
analyses were used for % DPPH free radical-scavenging at 500, 1000, 2000, and 4000 μg/ml and IC50 (μg/ml) comparison of mean
differences between groups where F ratio=5.434×105, 7.269×104, 5.253×105, 1.817×103, and 3.975×105, respectively. Means bearing a

and b are significantly different from the control methanolic extracts of the shoots and roots (CS and CR, respectively) of Balanites
aegyptiaca which their seeds germinated without using laser exposure, at significance level. *P value less than 0.001. X–P value less than
0.01.¥P value less than 0.05.
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LS of B. aegyptiaca whose seeds were exposed to He-
Ne laser of 200mW for 4min (4/200 LR and 4/200
LS) had the highest antioxidant activities (104.53±0.05
and 98.65±0.06% inhibition of radical formation) at
concentration of 4mg/ml with IC50 values (148.08
±0.31 and 794.31±1.32 μg/ml, respectively).
However, CR and CS (antioxidant activities were
96.82±0.11 and 97.56±0.09% inhibition of radical
formation) with IC50 values of 1206.2±2.32 and
1600.4±0.68 μg/ml, respectively, showed a significant
difference (P<0.001) as compared with LR and LS.
2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical
scavenging assay

The methanolic extracts of LR and LS germination
showed antioxidant activity by quenching ABTS•+

cation radicals. As presented in Table 5, it was
noticed that the methanolic extracts of the roots and
shoots of B. aegyptiaca whose seeds were exposed to the
He-Ne laser of 200Mw for 4min (4/200 LR and 4/200
LS) were the most effective scavengers of the ABTS+

cation radicals with ∼130.93±3.39 and 114.79±2.22%
scavenging of radicals formation, respectively, among
other methanolic extracts that were exposed to other
time intervals and other powers. Besides, there was a
significant increase (P<0.05) in scavenging activity
when compared with CR and CS.
Metal (ferrous) ion-chelating ability
The chelating activities for the ferrous ion of the
extracts were carried out by the inhibition of the
formation of blue-colored ferrous ion-ferrozine
complex. As presented in Table 6, the methanolic
extracts of 4/200 LR and 4/200 LS had the most
iron chelating activities with ∼136.32±0.52 and
119.13±0.65%, respectively, among other methanolic
extracts, particularly with a significant increase
(P<0.001) in iron chelating activities when
compared with CR and CS.
Reducing power assay
The reducing power of the methanolic extracts of the
shoots and roots of B. aegyptiaca, whose seeds were
exposed to He-Ne laser at different time intervals and
different powers before germination were quantified
and expressed in mg of vitamin C/L of extracts
(mgVitC/L). As presented in Table 7, the methanolic
extracts 4/200 LR and 4/200 LS showed the highest



Table 5 2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging activity (%) of the methanolic extracts for the
shoots (S) and roots (R) dry plant material of Balanites aegyptiaca after helium-neon laser treatment at different powers (25, 50,
100, and 200mW) and different time intervals (2 and 4min) compared with control

The Balanites aegyptiaca
methanolic shoots extracts

% ABTS free radical-
scavenging at 1000 μg/ml

The Balanites aegyptiaca
methanolic roots extracts

% ABTS free radical-
scavenging at 1000 μg/ml

CS 87.45±1.06 CR 91.80±1.58

4/200 S 114.79±2.22a¥ 4/200 R 130.93±3.39b¥

2/200 S 85.58±0.14 2/200 R 89.39±0.18

4/100 S 90.91±0.12 4/100 R 92.81±0.13

2/100 S 94.16±0.14 2/100 R 99.48±0.18

4/50 S 89.57±0.30 4/50 R 86.42±0.54

2/50 S 78.87±2.22 2/50 R 86.95±0.22

4/25 S 85.91±0.22 4/25 R 86.78±0.23

2/25 S 77.92±0.11 2/25 R 83.68±0.32

ABTS, 2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid). The experiment was carried out in triplicate. Values are given as mean±SE of
three batches. One-way Welch analysis of variance/Games-Howell post-hoc analyses were used for ABTS comparison of means where F
ratio=566.8. a and b are significantly different (¥P<0.05) from the control methanolic extracts of the shoots and roots (CS and CR,
respectively) of Balanites aegyptiaca which their seeds germinated without using laser exposure.

Table 6 Metal ion-chelating activity (%) of the methanolic extracts for the shoots (S) and roots (R) dry plant material of Balanites
aegyptiaca after helium-neon laser treatment at different powers (25, 50, 100, and 200mW) and different time intervals (2 and
4min) compared with control

The Balanites aegyptiaca
methanolic shoots extracts

% Metal ion-chelating activity
at 1000 μg/ml

The Balanites aegyptiaca
methanolic roots extracts

% Metal ion-chelating activity
at 1000 μg/ml

CS 97.01±0.40 CR 96.86±0.26

4/200 S 119.13±0.65a* 4/200 R 136.32±0.52 b*

2/200 S 10.46±0.65a* 2/200 R 74.89±0.52b*

4/100 S 91.78±0.54a* 4/100 R 97.31±0.69

2/100 S 96.71±0.83 2/100 R 99.55±0.26b¥

4/50 S 79.82±0.52a* 4/50 R 98.65±0.26

2/50 S 84.75±0.26a* 2/50 R 16.89±0.40 b*

4/25 S 2.24±0.26a* 4/25 R 84.75±0.26 b*

2/25 S 75.93±0.65a* 2/25 R 89.24±0.26 b*

The experiment was carried out in triplicate. Values are given as mean±SE of three batches. One-way analysis of variance/Tukey HSD
post-hoc analyses were used for % FIC activity comparison of means differences between groups where F ratio=533.4. a and b are
significantly different from the control methanolic extracts of the shoots and roots (CS and CR, respectively) of Balanites aegyptiaca which
their seeds germinated without using laser exposure, at significance level. *P value less than 0.001. ¥P value less than 0.05.
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values of reducing power (2.11±0.067 and 1.84±0.035
mgVitC/L for 4/200 R and 4/200 S, respectively, using
vitamin C as a standard) among other methanolic
extracts with a significant increase (P<0.05) as
compared with CR and CS, which had total
phenolic yields of 1.39±0.040 and 1.50±0.022
mgVitC/l, respectively.
In vitro cytotoxicity
Upon the previous phytochemical screening, the most
efficient laser treatment for seeds of B. aegyptiacawas at
200mW/4min. Therefore, the antiproliferative
activity of the methanolic extracts of 4/200 LR and
4/200 LS was evaluated using SRB assay against
HepG2, MCF-7, and HCT116 cell lines as well as
the normal BHK, as shown in Table 8 and Figs. 2 and
3. It was evident that 4/200 LR and 4/200 LS displayed
potent anticancer activity against HepG2 (IC50 values
of 3.32±0.02 and 3.52±0.02 μg/ml, respectively), and
moderate activity against MCF-7 (IC50 was 45.20
±0.60 and 46.73±0.25 μg/ml, respectively) and
HCT116 (IC50 was 58.14±0.39 and 78.33±0.25 μg/
ml, respectively) cell lines. In addition, 4/200 LR and
4/200 LS exhibited no activity against the growth of
the normal BHK cell line (IC50 was 171.87±1.62 and
161.41±0.56 μg/ml, respectively).

In addition, the HepG2 cell line was used to assess LR
and LS methanolic extracts as compared with their
control methanolic extracts of the roots and shoots (CR
and CS) of B. aegyptiaca whose seeds were germinated
without using laser exposure. Another comparison was
done between a mixture of LR and LS methanolic
extracts L(R+S) and a mixture of CR and CS
methanolic extracts C(R+S) against the HepG2 cell
line. For comparison, treatment with doxorubicin was



Table 7 The reducing power value (mgVitC/L) of the methanolic extracts for the shoots (S) and roots (R) dry plant material of
Balanites aegyptiaca after helium-neon laser treatment at different powers (25, 50, 100, and 200mW) and different time intervals
(2 and 4min) compared with control

The Balanites aegyptiaca
methanolic shoots extracts

The reducing power value
(mgVitC/l) at 1000 μg/ml

The Balanites aegyptiaca
methanolic roots extracts

The reducing power value
(mgVitC/l) at 1000 μg/ml

CS 1.50±0.022 CR 1.39±0.040

4/200 S 1.84±0.035a¥ 4/200 R 2.11±0.067b¥

2/200 S 1.18±0.002a¥ 2/200 R 1.14±0.002

4/100 S 1.08±0.002a¥ 4/100 R 1.29±0.005

2/100 S 1.37±0.002 2/100 R 1.24±0.005

4/50 S 1.25±0.004a¥ 4/50 R 1.22±0.005

2/50 S 1.20±0.002a¥ 2/50 R 1.41±0.005

4/25 S 0.97±0.003a¥ 4/25 R 0.97±0.005

2/25 S 1.32±0.005 2/25 R 0.96±0.004

The experiment was carried out in triplicate. Values are given as mean±SE of three batches. One-way Welch analysis of variance/Games-
Howell post-hoc analyses were used for comparison of means where F ratio=1.049×103. a and b are significantly different (¥P<0.05) from
the control methanolic extracts of the shoots and roots (CS and CR, respectively) of Balanites aegyptiaca which their seeds germinated
without using laser exposure.

Table 8 Cytotoxicity (IC50, μg/ml) of the methanolic extracts
of roots and shoots of Balanites aegyptiaca which their seeds
were exposed to helium-neon laser of 200 Mw for 4min
against different human tumor HepG2, MCF-7 and HCT116,
and normal BHK cell lines as measured with
sulphorhodamine-B assay method

IC50 (μg/ml)

HepG2 MCF-7 HCT116 BHK

LR 3.32±0.02h 45.20±0.60f 58.14±0.39d 171.87±1.62a

LS 3.52±0.02g 46.73±0.25e 78.33±0.25c 161.41±0.56b

Values are given as mean±SE of three batches. One-way analysis
of variance/Tukey HSD post-hoc analyses were used for IC50

comparison of means differences between different cell lines
where F ratio=6.62×103 and 4.05×104 for LR and LS, respectively.
Whereas, an independent sample t test was used for IC50

comparison of means differences between RL and SL on each of
different cell lines with F ratio=0.470, 0.39, 1.221 and 2.018 for
HepG2, MCF-7, HCT116 and BHK respectively. Means are ranked
in descending order (a:h) and the largest mean take the first
alphabetical superscripts. Means bearing different superscripts are
significantly different (P<0.05).
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used as a positive control, and treatment with DMSO
was used as a negative control. The results showed that
both LR and LS methanolic extracts had the most
potent anticancer activity against the HepG2 cell line
(IC50 3.31±0.02 and 3.52±0.02 μg/ml, respectively),
which was near to the reference drug, doxorubicin
(IC50: 3.03±0.07 μg/ml), as compared with those not
exposed to laser (IC50 was 9.02±0.08 and 7.76±0.01 μg/
ml for CR and CS, respectively). However, IC50 was
5.25±0.10 and 11.43±0.06 μg/ml for mixtures of L (R
+S) and C (R+S), respectively. It was clear that the
methanolic extracts of plants that were exposed to a
He-Ne laser of 200mW for 4min had more
anticarcinogenic effect than those methanolic
extracts without laser exposure in all its forms,
whether root, shoot, or their mixture (Table 9, Fig. 4).
Discussion
Plant-derived compounds have gained more attention
owing to their anticancer activities and their ability to
improve the body’s defense system [43]. Searching for
new techniques that increase their efficiency with the
lowest side effects is of great interest [44]. Treatment of
plants with a laser results in an increase in their
bioenergetic potential, which results in the
stimulation of their biological and biochemical
processes [45].
Induction of helium-neon laser exposure of shoots and
roots yield of Balanites aegyptiaca
The plant characteristics changes based on the effects
of laser light, electromagnetism, and temperature [46].
The plant macromolecules absorb light at a specific
wavelength and trigger photosynthetic activity, leading
to increase growth rate, crop yield, and generally the
plant quality, as well as the accumulation of bioactive
compounds such as antioxidants [25,26]. Moreover,
the growth rate was related to the temperature of laser
light treatment; these external factors are not efficient
until the induction of internal factors such as enzymes
and hormones is done [47].

The present work explained that there was a correlation
between the intensity of the He-Ne laser and the
percent yield of plant extract. The methanolic
extracts of the roots and shoots of B. aegyptiaca
whose seeds were treated with He-Ne laser at power
200mW and 4min (4/200 LR, 4/200 LS) showed the
highest percentage yields of concentrated extract
among other methanolic extracts of B. aegyptiaca
that were exposed (other time intervals and other
powers) or not exposed (CR and CS) to He-Ne
laser before germination. In agreement, Perveen
et al. [24] showed that laser treatment of seeds



Figure 2

The cytotoxicity (IC50, μg/ml) of the methanolic extracts of roots and shoots of Balanites aegyptiaca whose seeds were exposed to He-Ne laser
of 200 mW for 4 min against different human cancer HepG2, MCF-7, and HCT116, as well as normal BHK cell lines as measured with the SRB
assay method. He-Ne, helium-neon; SRB, sulphorhodamine-B.
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increases shoot and root length and crop yields. In
addition, Chen et al. [46] reported that the
photosynthesis mechanism started when the plant
absorbs the light through the macromolecules at a
specific wavelength, which induced the yield
percentage.
Induction of helium-neon laser exposure of total
phenolic and flavonoid contents of shoots and roots of
Balanites aegyptiaca
As mentioned before, laser exposure enhances the total
phenolic and flavonoid contents of some plants such as
sunflowers [24], soybean [25], buckwheat sprouts [28],
and lemongrass sprouts [27], where plant
macromolecules able absorb light that enhances the
photosynthetic activity, which increases the secondary
metabolites [26]. In agreement with the previous
findings, the present work showed that the
methanolic extracts of the roots and shoots of
B. aegyptiaca whose seeds were treated with He-Ne
laser at power 200mW and 4min (4/200 LR, 4/200
LS) showed the highest total phenolic and flavonoid
contents among other methanolic extracts of the roots
and shoots of B. aegyptiaca whose seeds were exposed
(other time intervals and other powers) or not exposed
to He-Ne laser before germination. There was a
significant increase in total phenolic and flavonoid
contents (P<0.001) as compared with CR and CS.
Induction of helium-neon laser exposure of antioxidant
capacity of shoots and roots of Balanites aegyptiaca
As mentioned before, there was a positive correlation
between total phenolic and flavonoid contents and
antioxidant capacity, whereas an increase in
concentration led to increased antioxidant activity
[48]. In the present study, it was found that there
was a gradual increase in the DPPH radical scavenging
activity of the extracts with an increase in the
concentration of the extract. The maximum radical
scavenging activities were obtained at extract



Figure 3

Cytotoxicity (IC50, μg/ml) of the methanolic extracts of roots and shoots of Balanites aegyptiaca whose seeds were exposed to He-Ne laser of
200 mW for 4 min against different human tumor HepG2, MCF-7, and HCT116, and normal fibroblast BHK cell lines as measured with the SRB
assay method. Values are given as mean±SE of three batches. One-way analysis of variance/Tukey HSD post-hoc analyses were used for IC50

comparison of means differences between different cell lines where F ratio=6.62́103 and 4.05 ́104 for LR and LS, respectively. However, an
independent sample t test was used for IC50 comparison of mean differences between LR and LS on each of different cell lines with F
ratio=0.470, 0.39, 1.221, and 2.018 for, HepG2, MCF-7, HCT116, and BHK, respectively. Means are ranked in descending order and the largest
mean takes the first alphabetical superscripts. Means bearing different superscripts are significantly different (P<0.05). He-Ne, helium-neon;
SRB, sulphorhodamine-B.

Table 9 Cytotoxicity (IC50, μg/ml) of anticancer effect of the methanolic extracts for the shoots (S) and roots (R) dry plant
material of Balanites aegyptiaca after helium-neon laser treatment at 200mW for 4min compared with control against liver
cancer cell line HepG2 as measured with sulphorhodamine-B assay method

IC50 (μg/ml)

Dox LR CR LS CS L(R+S) C(R+S)

HepG2 3.03±0.07 3.32±0.02 9.02±0.08a* 3.52±0.02 7.76±0.01a* 5.25±0.10a* 11.43±0.06a*

The experiment was carried out in triplicate. Values are given as mean±SE of three batches. One-way Welch analysis of variance/Games-
Howell post-hoc analyses were used for IC50 comparison of means where F ratio=1.109×104. a is significantly different from the reference
drug, doxorubicin, at significance level.*P value less than 0.001.
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concentrations of 4mg/ml for all extracts. In addition,
there was a significant increase (P< 0.05) in the
DPPH radical scavenging activity of the extracts of
roots and shoots of B. aegyptiaca whose seeds were
treated with the laser before germination compared
with those not treated with laser, indicating the
increase in antioxidant activity after treatment with
laser.

Our results showed that the methanolic extracts of 4/
200 LR and 4/200 LS were the most effective
scavengers of the ABTS+ cation radicals among
other methanolic extracts (exposed to other time
intervals and other powers) with a significant
increase (P<0.05) in scavenging activity when
compared with CR and CS of seeds that were not
exposed to irradiation.
The present study revealed that the methanolic extracts
of 4/200 LR and 4/200 LS had the most iron-chelating
activities among other methanolic extracts, especially
with a significant increase (P<0.001) in iron-chelating
activities when compared with CR and CS.

Our results showed that the methanolic extracts of
4/200 LR and 4/200 LS had showed the highest values
of reducing power among other methanolic extracts
with a significant increase (P<0.05) as compared with
CR and CS.

In conclusion, laser light improved antioxidant activity
through increasing levels of ferric reducing antioxidant
power, iron-chelating activity, and free radical
scavenging activity of DPPH and ABTS. In
agreement with our results, previous studies revealed



Figure 4

The effect of different concentrations of different methanolic extracts for the shoots (S) and roots (R) dry plant material of Balanites aegyptiaca
after He-Ne laser treatment at 200mW for 4 min compared with control against liver cancer cell line HepG2measured by the SRB assay. He-Ne,
helium-neon; SRB, sulphorhodamine-B.
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that laser treatment increased the antioxidant activity
of seeds and sprouts where light energy is converted to
chemical energy, which enhances the physiological and
biochemical processes and increases enzymatic
activities [26,28]. In addition, Khamis et al. [49]
reported that B. aegyptiaca varieties contain high
levels of enzymatic and nonenzymatic antioxidants
such as tocopherol, ascorbate peroxidase, glutathione
peroxidase, as well as glutathione-s-transferase and
catalase. Other studies explained that phenolic
compounds possessed antioxidant and anti-
inflammatory effects and they represent the first line
of defense against stressors [50,51].
Induction of helium-neon laser exposure of anticancer
activity of shoots and roots of Balanites aegyptiaca on
different cell lines
The anticancer effect of phytochemicals was mostly
through regulating molecular mechanisms that are
involved in cancer growth and progression such as
regulation of the immune system, increasing
antioxidant capacity, induction of apoptosis, inhibiting
proliferation, and inactivation of carcinogen [4].

The present study revealed that both LR and LS
methanolic extracts treated with 200mW for 4min
exerted the most potent anticarcinogenic effect against
HepG2 than the other human tumor cell lines (MCF-
7 and HCT116). However, they exhibited no activity
against the growth of the normal BHK cell line. In
addition, the methanolic extracts LR and LS whose
seeds were exposed to a He-Ne laser of 200mW for
4min had more anticarcinogenic effects than those
methanolic extracts without laser exposure (CR and
CS), as well as both mixtures of methanolic extracts of
roots and shoots whose seeds were treated or not with
laser L(R+S) and C(R+S) against HepG2 cell line,
respectively. In agreement with our results, it was
mentioned that phenols are a group of antioxidants
with anticancer effect where plant-derived phenolic
compounds have an important role in cancer
prevention and treatment through induction of
apoptosis, suppression of cell proliferation, and
blocking of signaling pathways that trigger cancer
[28,52]. A plethora of studies indicated the effect of
phyto-constituents as flavonoids against cancer
through increasing antioxidant activities and
reducing inflammation [53–55].
Conclusion
He-Ne Laser treatment ofB. aegyptiaca seeds improved
the yield percentage of shoots and roots gradually with
increase in the power of laser light. The antioxidant and
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anticancer effects of B. aegyptiaca were increased
through increasing phenolic and flavonoid contents
of germinated shoots and roots. The most effective
methanolic extract of B. aegyptiaca with the highest
yield percentage, total phenolic and flavonoid contents,
antioxidant capacity, and anticarcinogenic effect in
vitro was that treated with 200mW for 4min. As
the power of the laser increased, its improvement
effect increased. Further preclinical investigation
should be carried out on the anticancer effect of He-
Ne Laser treatment of B. aegyptiaca seeds on chemically
induced hepatocellular carcinoma in experimental
animals.
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