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ABSTRACT : Although, chemotherapy still the main mode for managing cancer but its usage is limited by resistance and
adverse effects which are depend on the dose. Other modes or techniques such as LASER irradiation, anti-cancer plant or nanometals particles can be used to solve this problem. In this study, we use three different agents (carboplatin, cassia fistula seed
extract, and gold nanoparticles) where the cytotoxicity of them was investigated on prostate cancer (PC3) cell line. The PC3
cells were exposed to six doses for each of carboplatin, cassia fistula fruits extract, and gold nanoparticles. Then for each agent,
the dose that gave significant decrease in the viability percent was used in combination with a constant dose of He-Ne laser (635
nm). From the results, we found that the inhibition percent was increased by the combination therapy as compared to the monotherapy for each agent. Also, the highest inhibition percent was observed in the combination of gold nanoparticles and 191 J/cm2
laser. In a conclusion, LAESR is an amazing technique to increase the cytotoxicity of the classical and non-classical methods
for treating cancer especially its use in combination with gold nano-particles in the photo-thermal technique.
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INTRODUCTION
The trend of cancer grows pointedly around the
world. This observation indicates an inadequacy in cancer
therapies, which are surgical procedures,
chemotherapeutic drugs and radiotherapy. Despite the
aggressiveness and the side effects of such classical
treatments, the survival rates have remained unchanged.
So that, there is an extreme need for developing anticancer therapy with fewer side effects, higher treating
capacity as possible (Al Ssad et al, 2018).
Although, chemotherapies have been used to a great
extent in the field of cancer treatment, they do not kill
the cancerous cells alone but also they effect the normal
cells. One of the alternative ways to replace these
traditional modalities is the using of plants or herbs in the
field of anti-cancer pharmacology. Plant kingdom has
many plants that have excellent anti-cancer effect and
one of them is Cassia fistula, which belong to Fabaceae
family (Safwat et al, 2018). The extracts of Cassia

fistula have been used for diverse pharmacological
activities like wound healing properties, anti-inflammatory,
antimicrobial, antioxidant, and anticancer activity.
Today, recent advanced-medical technique to treat
life- threating diseaeses such as cancer are developed.
Photo-thermal technique (PTT) is the most modern method
for the treatment of cancer. This technique depend on
the use of two important therapeutic tools, which are
LASER and Nano-particles (Fekrazad et al, 2016).
PTT has superior property over chemotherapy which
is the selective killing of cancer cells under LASER
irradiation, without causing extreme damage to normal
tissues providing high degree of accuracy (Cheng et al,
2014). Nanoparticles are favorable to be used in PTT as
photothermal agents because of their unique propertie6s
e.g. high photo-thermal capability and small diameters
which permit tumor penetration with special localization
in tumor rather than any part in the body because the
blood vessels of tumors are fragile and so more leaky
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than normal blood vessels (Vines et al, 2019). Gold
nanoparticles are the most photo-thermal agent to be used
in PTT because they have extreme power to absorb
LASER light, non-toxic to the in vivo environment and
have tunable optical characteristics (Her et al, 2017).
Prostate cancer is the second most frequent
diagnosised-cancer in men and the fifth leading cause of
death worldwide. Most patients with this cancer are
already in advanced- stage at the time of diagnosis. The
options of treatment for prostate cancer involve: surgery,
chemotherapy, radiation, targeted therapy (prostate
specific membrane- antigen) and combination therapies.
Although chemotherapy is the major therapeutic option
for prostate cancer but this choice has limited because
they cause severe adverse effects due to their nonselectivity towards cancerous cells. So that, other
modalities such as using natural plant extract or using
nano-photothermal therapy may decrease the problems
that occurs with chemotherapy in the management of
prostate cancer (Thambiraj et al, 2018).
MATERIALS AND METHODS
Experiment design : Prostate cancer cell line
(PC3)was supplied as a gift from cell culture unit in
Babylon medical college. The cell was seeded at 4X10
with RPMI-1640 culture media with 10% FBS and 1%
penicillin-streptomycin antibiotics and incubated at 37°C.
For determination of toxicity range, the cell was seeded
in a 96 well plate for 24h or until monolayer was reached
to 80-90% and exposed to serial dilutions of carboplatin,
cassia fistula extract, and gold nanoparticles to screen
the dose-response. After experiments the does toxicity,
has been decided and six concentrations range of each
agent was tested. Carboplatin (31.25, 62.5, 125, 250, 500,
1000) µg/ml, Cassia fistula (31.25, 62.5, 125, 250, 500,
1000) µg/ml, and gold nanoparticles (50, 100, 200, 300,
400, 500) µg/ml. Then, three effective concentrations of
each agent were used in combination with 635 nm laser
on PC3 cell line.
Exposure of PC3 cells to He–Ne laser
The prostate cancer cell was plated on 96 well tissue
culture plates and exposed to six dose concentrations of
each agent. At the same time the plate wells with the
cancer cell was exposed to continuous TEM00 mode He–
Ne laser radiation with beam profile at a wavelength of
635 nm and 300 mW output power. The laser was
centered vertically upon each well at a distance of 10
cm from the bottom of the plate, and 1.1 cm2 radiotion
area. For avoiding accidental radiation errors, the wells
that was included for radiation was covered at each
application session (Ghaleb et al, 2014).

Preparation of Cassia fistula extract
The fruits was dried in a dark room for 2 weeks and
grinded into fine powder. 40 g of dried powder was
soaked in 200 mL D.W for 24 h, and then filtered by
using Whatman filter paper and concentrated by
evaporation under vacuum reduced pressure at 45°C for
30 min using a rotary evaporator.
Crystal violet assays
After the end of the experiment, the old media with
the agents was taken out by a micropipette and each
well was washed by PBS, Prostate cancer cells were
fixed with 10% formalin at room temperature for 20
minutes solution was removed. 100 µl of 0.1% aqueous
crystal violet solution was added to each well and removed
after 20 minutes exposure. The plate then washed by
immersing smoothly in a tap-water container many times
until the water become clear. The plate was dried and
200 µl of 95% ethanol was added for each well. The
optical density (OD) of the plate wells was recorded at a
wavelength 540 nm. The results showed after been
normalized to the control.
Determination of IC50 for cell lines
IC50-data were determined graphically by plotting
the 50% of maximal inhibition for each time of exposure
and period of incubation on the inhibition- concentrations
curve.
Statistical analysis
Data were expressed as the (mean ± SEM) and the
differences using one-way ANOVA. Statistical analyses
were performed by SPSS software followed by the graph
pad prims program. P-value of <0.05 was reflected as a
significant difference.
RESULTS AND DISCUSSION
Each agent in this study was used in six
concentrations. For AuNPS, only the three highest
concentrations showed a significant decrease in the
viability percent for PC3 cells as compared with the
control group (Fig. 1).
The IC50 for AuNPs, Cassia fistula and Carboplatin
was calculated as represented in Figs. 2, 4, 6, respectively.
Also, the three highest concentrations of cassia fistula
showed a significant decrease in the viability percent of
PC3 cells as compared with the control cells (Fig. 3).
Carboplatin showed a significant decrease in the
viability percent of PC3 cells for all concentrations except
with the lowest one which showed a non-significant
decrease in the viability percent of PC3 cells as compared
with the control cells (Fig. 5).
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Fig. 1 : The effect of AuNPS on PC3 Cell line.

as compared with these three concentrations alone. Also,
the combination of AuNPs and LASER therapy (Fig. 8)
showed better results than the combined effect of Cassia
fistula extract or carboplatin plus LASER therapy.
Drug resistance and dose-dependent adverse effects
of traditional chemotherapies (such as platinum
compounds) are the major causes of treatment failure
and so relapse of cancers so that in this study we used
other strategies to fight cancers such as herbal medicine
and photo-thermal technique.

Fig. 2 : Dose-Response curve of growth inhibition % of gold
nanoparticles presented by plotting of concentration versus
GI% values.

The three highest concentrations (1000, 500, 250)
µg/ml of cassia fistula extract when combined with
LASER therapy showed inhibition percent of PC3 cells
more than the plant extract alone and this result appeared
to be clear in Fig. 7.
The combination of carboplatin and LASER (635nm)
showed an increase in the inhibition percent of PC3 cells
as compared with carboplatin alone, but the lowest
concentration (31.25 µg/ml) remained to give a nonsignificant decrease in the viability percent of PC3 cells
despite its combination with LASER therapy.
The combination of AuNPs with concentrations (300,
400 and 500µg/ml) and 635 nm LASER therapy showed
a highly significant decrease in the viability of PC3 cells

Using herbs-based medicines, we can avoid the side
effects of conventional chemotherapy in the treatment
of cancer because these anti-cancer plants can block
the critical biochemical and signal transduction pathways
that convert the normal cells to cancer cells (Thapliyal et
al, 2018).
Many studies prove the activity of plant extract of
Cassia fistula in the treatment of cancers such as
prostate cancer. In this study, we noticed a more
significant decrease in the viability of prostate cancer
cells when we used Cassia fistula extract in combination
with 635 nm LASER therapy. This result can be expected
because LASER light is characterized by its coherence
and collimation which provide high-intensity light with a
narrow beam and so this light has great precision.
The discovery of less toxic metallic compounds (such
as gold, silver, etc.) allows designing new techniques for
cancer treatment (Pedrosa et al, 2018). PTT is the
therapeutic method that enable to use light irradiation that
is converted by photothermal agents (e.g. gold nano-
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Fig. 3 : The effect of Cassia fistula extract on PC3 Cell line.

Fig. 4 : Dose-Response Curve of growth inhibition % of Cassia fistula presented by plotting of concentration versus GI%.

Fig. 5 : The effect of Carboplatin on PC3 Cell Line.
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Fig. 6 : Dose-Response curve of growth inhibition % of carboplatin presented by plotting of concentration versus GI%.

Fig. 7 : The effect of Cassia Fistula extract and 635 nm LASER on PC3 cell line.

Fig. 8 : The effect of Carboplatin with 635 nm LASER on PC3 Cell line.
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Fig. 9 : The effect of AuNPS and 635 nm LASER on PC3 Cell line.

particles) to heat, so this technique kill the cancerous
tissue by increasing the temperature with little effect on
the adjacent healthy tissue because the microenvironment of tumor is more acidic, hypoxic and deficient
in nutritive substances than healthy tissues (Mendes et
al, 2017; Mahal et al, 2019).

treatment with minimum side effects.

The cytotoxicity of carboplatin on PC3 cells increased
upon irradiation of these cells with 635 nm LASER light.
The result that is obtained above indicate the synergism
between chemotherapy and PTT because carboplatin is
a DNA- damaging agent and so its efficacy is enhanced
by hyperthermia since DNA repairing- processes are
temperature-dependent (Pedrosa et al, 2018).

Al Ssadh H, Srinivasan S, Madar I H, Desai A, Almagrabi A O and
Aslam I (2018) Apoptotic induction by Cassia fistula leaf extracts
against human hepatocarcinoma cell lines. Int. J. Scient.
Innovations 5, 84–93.

From the results of this work, the best cytotoxic effect
obtained from the combination of AuNPs with 635 nm
LASER. This result can be explained on the bases that
AuNPs can absorb light strongly and efficiently, convert
photon energy into heat quickly, and all the absorbed light
is converted to heat so that PTT consider as optimal
treatment tool because the cancerous cells required only
one third of the energy need by normal cells (Hussein et
al, 2016).
CONCLUSION
In a conclusion, the use of LASER modality in
combination with chemotherapy, anti-cancer plant or
metal nanoparticles will give prodigious result in killing
and targeting cancerous cells due to its unique properties
especially when it is used with AuNPs in PTT and as a
result, it will provide a less invasive method of cancer

ACKNOWLEDGEMENT
The authors thank the University of Babylon,
Department of Pharmacology for their support.
REFERENCES

Cheng L, Wang C, Feng L, Yang L and Liu Z (2018) Functional
nanomaterials for phototherapies of cancer. Chem. Reviews 114,
10869-10939.
Safwat G M, Hamed M M and Moatamed S A (2018) Studies of the
biological activity of Cassia fistula. Studies 1,75-85.
Fekrazad R, Naghdi N, Nokhbatolfoghahaei H and Bagheri H (2016)
The combination of laser therapy and metal nanoparticles in
cancer treatment originated from epithelial tissues: A literature
review. J. Lasers Med. Sci. 7, 62–67.
Ghaleb R, Naciri M, Al-Majmaie R, Maki A and Al-Rubeai M (2014)
Enhancement of monoclonal antibody production in CHO cells
by exposure to He–Ne laser radiation. Cytotechnology 66,761–
767.
Her S, Jaffray D A and Allen C (2017) Gold nanoparticles for
applications in cancer radiotherapy/ : Mechanisms and recent
advancements. Adv. Drug Delivery Reviews 109, 84–101.
Hussein S I, Sultan A S and Yaseen N Y (2016) Gold nanoparticles for
photothermal therapy of cancerous cells in vitro. Int. J. Curr.
Microbiol. Appl. Sci. 5, 261–266.
Mahal M H, Hussein A L, Mohammed H E, Thamer H A and AlSamarraie M Q (2019) Effect of aqueous extract of grape seeds
on the certain biochemical parameters in female mice with
hyperproteinemia induction. Biochem. Cell. Arch.19, 2525-2529.

Anticancer effects of combined photobiomodulation, carboplatin, C. fistula seeds extract
Mendes R, Pedrosa P, Lima J C, Fernandes A R and Baptista P V
(2017) Photothermal enhancement of chemotherapy in breast
cancer by visible irradiation of gold nanoparticles. Scientific
Reports 7, 1–9.
Pedrosa P, Mendes R, Cabral R, Martins L M, Baptista P V and
Fernandes A R (2018) Combination of chemotherapy and Aunanoparticle photothermy in the visible light to tackle doxorubicin
resistance in cancer cells. Scientific Reports 8, 1-8.
Thambiraj S, Hema S and Shankaran D R (2018) An overview on
applications of gold nanoparticle for early diagnosis and targeted

4111

drug delivery to prostate cancer. Recent Patents on
Nanotechnology 12, 110–131.
Thapliyal A, Khar R K and Chandra A (2018) Overview of cancer and
medicinal herbs used for cancer therapy. Asian J. Pharmaceutics
1–8.
Vines J B, Yoon J, Ryu N, Lim D and Park H (2019) Gold nanoparticles
for photothermal cancer therapy. Front. Chem. 7, 1–16.

