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Introduction
Cancer is one of the greatest challenges to researcher 
of our time. The objectives are to improve not only 
the therapeutic outcome, in advanced and metastatic 
cancer patients, but also treatment methods, which 
often have significant unfavorable effects [1, 2]. 
Currently, the main therapeutic approaches used 
to treat cancer are surgery, chemotherapy, and 
radiotherapy, delivered separately or in various 
combinations. Surgery and radiotherapy are key 
players for treating primary non-metastatic solid 
tumors, but for patients with co-morbidities that are 
unfit for surgery, deep-seated tumors, especially those 
associated with major blood vessels, or brain tumors, 
combined chemotherapy approaches are common. 
In chemotherapy, pharmaceutical compounds that 
exert a cytotoxic effect disrupting mechanisms 
underpinning the rapid overgrowth of malignant 
cells are administered. Conventional chemotherapy is 
effective but also well-known for its severe side effects 

owing to the partially non-selective uptake of the 
chemotherapeutics both into healthy and cancerous 
cells in tissues and organs. Radiation therapy is a basic 
and beneficial treatment in treating about half of all 
cancer cases. This method depends on the deposition 
of energy in the tumor cells, usually by radiation either 
gamma rays or photons, or beams of active radiation, 
which are sufficient to damage cancer cells or blood 
vessels and thus stimulate tumor death or famine 
with nutrients. However, such as chemotherapy, 
photon irradiation therapy is undetermined, where a 
large dose can be transferred to normal tissue along 
the path of the photons, in front and back of the tumor 
[3, 4].

In recent years, there has been increasing interest in 
using of photodynamic therapy [PDT] to treat different 
types of cancers, either on its own or in combination 
with other anticancer treatment methods. PDT involve 
the administration of a photosensitizing (PS) drug and 
subsequently illuminating the target area with light 
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Abstract
This study was directed at study the effectiveness of cancer targeted therapy using the activated photolon 
nanocomposite (Nano-PhLon). Study was applied on male Swiss albino mice, implanted with Ehrlich tumor 
(EAC) divided into six groups. Two energy sources were used; laser and Ultrasound. Results showed that Nano-
PhLon is a potential sensitizer for photodynamic or sonodynamic treatment of tumor. Nano-PhLon plays an 
important role in tumor growth inhibition and cell death induction. Activated Nano-PhLon with both infrared 
laser and ultrasound has a potential antitumor effect. The results indicated that (FA–NGO–PhLon) could be 
used as a unique nanocomposite for cancer targeted therapy SPDT. 
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corresponding to the absorbance wavelength of the 
PS, triggering a series of biological effects [5-8].

Sonodynamic therapy [SDT] has been raised as a 
promising noninvasive approach derived from PDT. 
The low penetration depth of light, PDT is not effective 
for the treatment of deep tumors. A great advantage 
of SDT on a PDT is that it can penetrate soft tissue up 
to tens of centimeters therefore; SDT overcomes the 
limitation of PDT [9-12].

Sono-photodynamic therapy [SPDT] is a new 
therapeutic method that utilizes a safe agent with sono 
and photo sensitive properties. PDT and SDT have 
been applied for years as separate processes for the 
treatment of cancer with variable results. PDT alone is 
used for more superficial tumor, but when combined 
with SDT, it has been shown to be efficient for deep-
seated as well as metastatic tumors [13].

The aim of this work was to study the effectiveness of 
nano-photolon in activated cancer-targeted therapy. 
To achieve our goal the following was done:

Synthesis of nanographene oxide (NGO), 
conjugation of folic acid with nanographene oxide 
(FA-NGO) and photosensitizer photolon loading 
on FA-NGO (FA-GO-PhLon) according to modified 
Hummer’s method [14], In the present work photolon 
was used as sonophotosensitizer; chemically active 
by absorption of light and/or ultrasound. photolon 
was purchased from Molbase Chemicals Co. India. 
The sonophotosensitizer obtained as powder stored 
in dark bottle at -20oC temperature and with Purity: 
99.9% by HPLC analysis. PhLon was dissolved in a 
sterilized phosphate buffer saline solution with PH 
= 7.4 and mixed with FA-NGO (0.5 mg/mL) at room 
temperature for 24 h. The loading efficiency of PhLon 
was approved using UV absorbance at 663 nm. FA-
NGO-PhLon administered to tumor-bearing mice 
intraperitoneally (IP) injection for 15 days 18-20 hours 
before exposure to either photo and/or sonodynamic 
treatment modality.

Experimental Design and Tumor Implantation

study was conducted on One hundred and thirty male 
Swiss albino mice. Ehrlich ascites carcinoma tumor 
cells, 2 x 106 human female mammary cells in origin, 
diluted approximately ten times in 0.9 % saline were 
inoculated subcutaneously on the left abdominal 
region of mice purchased from national cancer 

institute, cairo university. The animals were housed 
in plastic cages and were kept under natural light 
with diet and water at available. When tumors reach 
to 10 mm in diameter on day 10 after implantation, 
the treatment study was started. Use of experimental 
animals in the study protocol was carried out in 
accordance with the ethical guidelines of the medical 
research institute, alexandria university (Guiding 
Principles for Biomedical Research Involving Animals, 
2011). Mice were grouped into the following:

Group I: (30 mice); a) 10 mice: Control without 
tumor, b) 10 mice: Tumor bearing mice without 
treatment, c) 10 mice: Tumor bearing mice treated 
with (FA-NGO- PhLon) only.

Group II: (20 mice, laser irradiated group); a) 10 
mice: were exposed to Infra-Red Laser, 4000Hz, for 3 
minutes, b) 10 mice: were exposed to Infra-Red Laser, 
7000Hz, for 3 minutes.

Group III: (20 mice, ultrasound group); a) 10 mice: 
were exposed to pulsed ultrasound for 3 minutes, b) 
10 mice: were exposed to continuous ultrasound for 
3 minutes.

Group IV: (20 mice, (FA-NGO-PhLon), laser group); 
Tumor bearing mice of this group were injected (IP) 
with (FA-NGO- PhLon), then the tumor sites were 
irradiated to laser light at same conditions of group II.

Group V: (20 mice, (FA-NGO- PhLon), ultrasound 
group); Tumor bearing mice of this group were 
injected (IP) with (FA-NGO- PhLon), then were divided 
into 2 sub-groups. The tumor sites were irradiated to 
ultrasound at same conditions of group III.

Group VI: (20 mice, combined treatment groups); 
a) 10 mice: were irradiated to laser light for 3 
minutes, followed by ultrasound for 3 minutes, b) 10 
mice: Injected (IP) with (FA-NGO-PhLon), then tumor 
sites were irradiated to laser light (7000 Hz) for 3 min, 
followed by pulsed ultrasound for 3 minutes.

Laser/Ultrasound Exposure

For laser and/or ultrasound exposure, the mice were 
anesthetized with diethyl ether. The hair over the 
tumors was shaved off. The mice were fixed on a board 
with the tumor upwards. The probe was placed nearly 
on the tumor, which was irradiated with laser and/or 
ultrasound for 3 minutes at the different conditions as 
mentioned before. After PDT, SDT and SPDT, animals 
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were maintained in the dark to avoid skin irritation. 
Exposure of mice tumor to the laser beam was carried 
out using an Infrared diode laser, model LAS 50- Hi-
Tech fysiomed, Germany operated at a wavelength of 
904 nm and a peak power of 50 W at a frequency up to 
7000 Hz. Exposure of mice tumor to the continuous and 
pulsed ultrasound was carried out using an ultrasonic 
therapy instrument (Model CSl Shanghai, No. 822 
Factory. China). This instrument uses electronic tube 
to generate an electric oscillation with frequency 0.8 
MHz and power output which converted to ultrasonic 
mechanical energy by means of ultrasonic transducer 
(calcium zirconate –titanate). The mechanical 
ultrasonic energy has a beam power density which 
can be adjusted from 0.5 to 3W/cm2. This instrument 
operates at both continuous wave mode with output 
power from 0.5 - 3W/cm2 adjustable in 11 steps and 
pulsed mode (pulse frequency 1000 Hz, duty ratio 1/3 
and average power density from 0.15-1 W/cm2). 

For evaluation of the treatment effects to all studied 
groups the following investigations were done:

Tumor Growth / Inhibition Assay

During treatment session, tumor growth was 
examined regularly every day. Length and width of 
tumors were measured with a slide caliper and tumor 
volume (in mm3) was calculated by the use of the 
following equation. TV (mm3) = 22/7x4/3x (length/2) 
x (width/2)2

Two weeks after the treatment, the mice were 
sacrificed and the tumors were dissected out, weighed 
(in grams). The tumor volume growth ratio and tumor 
mass inhibition ratio were calculated as follows. 
TMIR=1- (average tumor weight of treated group / 
average tumor weight of control group) x100

Biochemical Examination

Blood sample (2.5 ml of venous blood) was withdrawn 
from all mice group. This blood samples were allowed 
to clot thoroughly for 20 minutes then centrifuged 
at 3000xg for 20 minutes for separating serum for 
biochemical examinations. All biochemical analysis 
was done on Indiko Plus Auto-analyzer.

Oxidative Stress and Antioxidant Profile

Lipid peroxidation (MDA) assay kit (BioVision Catalog 
# K739-100), total antioxidant capacity (TAC) assay 

kit (BioVision Catalog #K274-100), glutathione 
reductase (GR) activity assay kit (BioVision Catalog 
#K761-100), glutathione-s-transferase (GST) activity 
assay kit (BioVision Catalog #K263-100), superoxide 
dismutase (SOD) activity assay kit (BioVision Catalog 
#K335-100), Catalase (CAT) activity assay kit 
(BioVision Catalog #K773-100), were used according 
to the manufacturer’s instructions.

Kidney and Liver Biomarkers

Urea (Sigma Catalog # MAK179), creatinine (Sigma 
Catalog# MAK080), Alanine Transaminase (ALT) 
Activity Assay Kit (Sigma Catalog # MAK052), Aspartate 
Aminotransferase (AST) Activity Assay Kit (Sigma 
Catalog #MAK055) and ©-Glutamyltransferase (GGT) 
Activity Assay Kit(Sigma Catalog #MAK089), were 
used according to the manufacturer’s instructions.

Molecular Detection of Survivin mRNA Gene 
Expression in Excised Tumor via RT-PCR

RNA was extracted from the Erich tumor of mice using 
QIAamp RNA tissue kit, was purchased from QIAGEN, 
USA according to the manufacturer’s instructions. 
Preparation of Full-Length First strand cDNA from RNA 
template using RevertAid TM First cDNA Strand Synthesis 
Kit. Reverse transcription reaction was carried out 
in a 20 µl reaction mixture by using Revert Aid TM 
First cDNA Strand Synthesis Kit # K1621,#1622, was 
purchased from MBI Fermentas, Lithuania according 
to manufacturer’s instruction. For amplification; to 
each PCR tube the following were added 5 µl (0.25 
µg) Template survivin - cDNA, 10 µl Taq TM Green 
PCR Master Mix (2X) {dNTPs [0.4 mM of each dATP, 
dCTP, dGTP, dTTP], 0.05u/μl Taq DNA polymerase and 
reaction buffer} # k1081, was purchased from MBI 
Fermentas, Lithuania, 1.5 µl survivin forward primer: 
5̛-TGAGCTTCCTGCATTGGGAG-3̛, 1.5 µl survivin 
reverse primers: 5̛-CCCGCCAGCATCATAGCTTA-3̛ and 
deionized-RNase free water to final volume 20 µl. 
The reaction mixtures were gently vortexed, briefly 
centrifuged to collection all drops to the bottom of the 
tubes, then were placed in the thermal cycler (Little 
Genius, Bioer Co), The PCR mixture was subjected 
to 35 amplification cycles. PCR thermal profile was 
as follow: pre-denaturation (94°C, 2min), followed 
by 35 cycles of denaturation (94°C, 1min), annealing 
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(52°C, 1min), and extension (72°C, 1min), with a 
final extension (72°C, 7min). To verify the successful 
preparation of mRNA and as positive controls, samples 
were detected for the presence of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) mRNA. 
Forward primer: 5̛-AGGCCGGTGCTGAGTATGTC-3̛, 
reverse primers: 5̛-TGCCTGCTTCACCACCTTCT-3̛. 
Reaction tubes containing no cDNA control template 
and without cDNA sample addition were included 
as negative controls for each PCR reaction. For 
detection; Amplicons were analyzed with 2% (wt/
vol) ethidium bromide stained agarose gel. The bands 
were visualized on a 302 nm UV transilluminator 
(BIO-RAD, USA). The gel was examined for bands of 
254bp and 530bp as determined by the molecular 
weight marker (Gene Ruler TM 100bp DNA marker 
#SM0323, was purchased from Fermentas, Lithuania) 
runs at the same time and then photographed usinga 
digital camera.

Histopathological Examination

Small pieces of Ehrlich tumor tissue of the 
experimental groups were processed and examined 
by haematoxylin and eosin (H&E) method as follows; 
small pieces of Ehrlich Tumor tissues were fixed at 
10% formaldehyde, dehydrated in ascending grades 
using alcohol, embedded in paraffin to produce 
paraffin block, the blocks were cut into 3-4 µm thick 
sections and floated in water bath, cleaned with 
xylene, rehydrated in descending grades of alcohol, 
stained with haematoxylin and eosin stain, cleaned 
again ethylene and covered by covering slides, thus 
the slides were prepared to be examined by light 
microscopy.

Statistical Analysis of Data

The findings were presented using one-way variance 
analysis (ANOVA). Results were expressed as mean ± 
standard deviation (SD) and values of P > 0.05 were 
considered non-significantly different, while values 
of P < 0.05 were assumed significant. F probability 
expresses the general effect between groups.

Results
Treatment with NPhLon without activation has little 
or no effect on tumor volume and tumor weight. Up 
to one week, all treatment modulates have little effect 
on the tumor volume and tumor weight. After one 

week, treatment with IRL and ultrasound (pulsed 
or continuous wave) in the presence or absence of 
NPhLon, become more effective. The presence of 
NPhLon increases the effect of both IRL and ultrasound. 
Results obtained indicated that pulsed ultrasonic wave 
is more effective than continuous ultrasonic wave in 
the presences of NPhLon. Pulsed wave ultrasound at 
3W/cm2 was selected to combine with IRL at 7000 Hz. 
This combined treatment modality is more effective 
on tumor cells than using of infrared laser (IRL) or 
ultrasound alone. Figure (1-3) 

Oxidative Stress and Antioxidant Profile

In our study, the increase in lipid peroxidation was 
reported in controlled group which carried EAC. In all 
the irradiated groups and that irradiated and treated 
without NPhLon, a significant increase in the levels 
of MDA was observed. Animals in groups irradiated 
with IRL or U.S or both with NPhLon exhibited 
significantly low levels of MDA, as compared with the 
cancer control group or with treated mice without 
activation of NPhLon, Figure (4). The same table, 
the implanted mice with EAC showed decreased 
activities of antioxidants (SOD, CAT, GR, GST and TAC) 
in comparison with normal animals. On the other 
hand, there is a significant increase in the enzymatic 
and non-enzymatic antioxidant guard in the groups 
irradiated with IRL or US or both with NPhLon when 
compared with cancer control group or with treated 
mice without activation of NPhLon.

Kidney and Liver Biomarkers

The renal function tests, namely; creatinine and urea, 
were estimated.The EAC caused a significant increase 
in the serum urea and creatinine levels in the studied 
groups. On the other hand the NPhLon caused decrease 
in the levels of serum creatinine and urea which is 
probably an indication of renal protection, Figure 
(5). This also confirms the protective role of NPhLon 
against renal toxicity. Also the hepatic function tests, 
ALT, AST and GGT, were estimated. The EAC caused a 
significant increase in the serum activities of ALT, AST 
and GGT of the tumor treated groups. However, in the 
EAC treated groups with NPhLon a decrease in serum 
levels of ALT, AST, and GGT, were observed which is 
an indication of the hepatoprotection by NPhLon, i.e., 
this confirms the protective role of NPhLon against 
hepatotoxicity.
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Histological Evaluation

The histological evaluation revealed that all tumors 
from the group of mice bearing tumor without 
treatment working as a control group were highly 
malignant cells and the tumors showed 5-10 % 
necrosis. Group of mice bearing tumor treated with 
(NPhLon) only the similar percentage as only EAC group 
due to NPhLon inactivation, Group of mice bearing 
tumor treated with 4000Hz, 7000Hz IRL only, showed 
significant areas of necrosis (40- 55% respectively). In 
the group of mice injected IP with (NPhLon) then the 
tumor site were irradiated to 4000Hz, 7000Hz showed 
significant areas of necrosis (56-67% respectively). 

Group of mice bearing tumor treated with continuous 
and pulsed ultrasound showed significant areas of 
necrosis (55- 60% respectively).The group of mice 
injected IP with (NPhLon), then the tumor site was 
irradiated to continuous and pulsed ultrasound 
the areas of necrosis (65- 75% respectively), when 
compared with EAC untreated group. In case of two 
combination groups, mice bearing tumor treated 
7000Hz followed by pulsed ultrasound only, and 
mice bearing tumor injected IP with (NPhLon) then 
tumor site was irradiated to 7000Hz, followed by 
pulsed ultrasound, large foci of necrosis areas (80-
82% respectively) were present which were distinctly 
appeared. Figure (6)
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Discussion
In the present work, nano-PhLon as sono-photosensi-
tizer, IR laser photodynamic therapy and sonodynamic 
therapy were employed to investigate whether alone 
or combined together, could be safely administered, 
provide an increased local tumor cytotoxic response 
and represents a promising approach in cancer therapy.

The MDA level is used as an indicator of oxidative 
stress, indicating an increasing interest in studying the 
role that lipid peroxidation played in the development 
of cancer. A low-molecular-weight aldehyde MDA is 
generated from free radical attack on polyunsaturated 
fatty acids [15, 16].

The probable cause of a high level of serum lipid per-
oxide in cancer may be due to a defective antioxidant 
system that leads to accumulation of lipid peroxides 
in the cancerous tissues followed by secretion in the 
bloodstream [17]. MDA is a product of high-toxic cy-
totoxic aldehydes of lipid peroxidation. It is said to 
inhibit protective enzymes. Thus, they can have both 
mutagenic and carcinogenic effects [18.]

In our study, the increase in lipid peroxidation was 
recorded during EAC which known with its carcinoge-

nicity. All groups injected with EAC, have a statistical 
significant elevation in the levels of MDA as compared 
to the control group animals. The inhibition of per-
oxidation by nano-PhLon is mainly attributed to the 
scavenging of the reactive free radicals involved in the 
peroxidation [19]. Animals in groups injected with 
nano-PhLon as a treatment showed significantly low 
levels of MDA, compared to animals not treated with 
nano-PhLon. This verifies the anti-lipid peroxidative 
role of nano-PhLon by its ability to scavenge free radi-
cal generation.

For the purpose of preventing cellular damage caused 
by ROS, there is a lot of anti-oxidant defense system. 
The antioxidant defense system may detect ROS, 
which plays an important role in the initiation of 
lipid peroxidation, thus playing a protective role in 
the development of cancer [20]. This defense system 
works through enzymatic (including SOD, GPx, GST 
and CAT) and non-enzymatic components (mainly 
GSH) [21, 22]. SOD is the basic step of the defense 
mechanism in an antioxidant system against oxidative 
stress, because it breaks down the superoxide anion 
(O2) into O2 and H2O2. Gpx and catalase can delete 

Survivin Gene Expression

Amplification of survivin gene expression in breast 
tissues of all studied groups using RT- PCR is shown 
in Figure (7). PCR products were separated by 2% 
agrose gel electrophoresis. Products for survivin and 
GADPH gene expression were at 254 and 530 bp, 
respectively. Lane (a) is the molecular weight marker 
(50 bp DNA ladder). All samples were positive to 

GADPH gene expression, while lanes (1-3), lanes (4-6), 
lanes (7-9), and lanes (10-12) with different intensity; 
showed positive bands of survivin gene expression, 
EAC cancerous untreated group, EAC cancerous group 
treated with laser, EAC cancerous group treated 
with ultrasound, EAC cancerous group treated with 
combined laser and ultrasound, respectively in 
presence of nano-PhLon.
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H2O2 and convert it to harmless by-products, thereby 
providing protection against ROS [23.] 

Also, GPX has a high strength in neutralizing reactivated 
free radicals in response to oxidative stress and 
detoxification of peroxides and hydroperoxides that 
lead to GSH oxidation [24]. Moreover, GST stimulates 
the coupling of functional groups of GSH atoms to to 
electrophilic xenobiotics, leading to elimination or 
conversion of xenobiotic-GSH conjugate [25]. In such 
an interaction, GSH is oxidized into GSSG, which can be 
reduced to GSH by GR with NADPH consumption [26]. 
GSH is the most important non-enzymatic antioxidant 
in mammalian cells [27]. GSH is said to be involved 
in many cellular processes including detoxification 
of internal and external compounds and effectively 
protects cells against the harmful effects of oxidative 
stress by removing free radicals, removing H2O2, and 
suppressing lipid peroxidation [28].

In the present study, the EAC bearing mice showed 
decreased activities of antioxidants (SOD, CAT, GR, 
GST and TAC) in comparison with control animals. 
The present data are consistent with previous findings  
[29, 30]. Pradeep et al. (2007) [30] reported that such 
subsequent lower in the antioxidant defense is due 
to the low expression of these antioxidants during 
mammary gland damage. On the other hand, there 
is a significant increase in the enzymatic and non-
enzymatic antioxidant guard in the animals which 
carried the EAC when treated with nano-PhLon, US 
and /or IRL when compared to the control group. 
This increase is due to the ability of nano-PhLon 
to prevent the formation of free radicals, enhance 
the endogenous antioxidant activity beyond its free 
radical scavenging property and the reduction of EAC 
lipoperoxide formation [31]. 

The increase in the activities of the antioxidant 
enzymes in the nano-PhLon treated mice compared 
to control group indicates its effect [32-41]. In this 
work, a statistically significant negative correlation 
between antioxidant activities and plasma mean 
levels of MDA was observed. The increased MDA 
level could be explained by defect in the antioxidant 
system with accumulation of lipid peroxides in the 
tumor as reported by Kumaraguruparan et al. (2002) 
[41] Furthermore, Sener et al. (2007) [42] found 
statistically significant decreased total antioxidant 

capacity with significantly increased serum MDA 
levels in EAC group compared to control group. 

Urea and creatinine are metabolic products that are 
cleaned of the blood circulation by the kidneys to 
prevent their accumulation. Increasing serum levels 
of these substances is an indication of kidney function 
loss [43, 44]. Data from this study suggest that mice 
groups implanted with EAC caused a loss of renal 
function compared with normal mice group and this 
is consistent with previous reports [45, 46]. The urea 
and creatinine, biomarkers of renal function, were 
assessed in this study. It was observed in the current 
study that nano-PhLon ameliorated the levels of 
serum urea and creatinine which is an marker of renal 
protection. This also indicates the protective role of 
nano-PhLon against mice groups implanted with EAC 
which induced renal dysfunction. 

The liver is implicated in the biotransformation of 
drugs and toxicants. The serum level of bilirubin and 
activities of the ALT, AST, ALP, and GGT liver enzymes, 
are considered reliable indices of hepatotoxicity 
[47, 48]. Hepatocellular injury give rise to increase 
in serum ALT and AST [49]. Bilirubin is associated 
with liver, intestines, and spleen while ALP and GGT 
are associated with the cell membrane [50]. Serum 
bilirubin and activities of ALP and GGT increased 
in hepatobiliary injury [50]. The ALT, AST and GGT, 
biomarkers of hepatic function, were considered 
in this study. In this study, mice groups implanted 
with EAC caused increase in serum of ALT, AST 
and GGT activities. ALT and AST are present in the 
hepatocytes cytoplasm and mitochondria [51]. In this 
study, treatment with nano-PhLon protected against 
increase in serum of ALT, AST, and GGT levels, which 
is an indication of hepato-protection by nano-PhLon. 
This also confirms the protective role of nano-PhLon 
against hepato-dysfunction.

In the present work, study molecular study of survivin 
gene expression gene expression as a molecular 
diagnostic and prognostic markers for breast cancer 
revealed that there was a significantly negative 
correlation between modality of treatment and 
survivin gene expression in presence of nano-PhLon 
in treated groups while a positive correlation between 
survivin gene expression and cancer progression in 
untreated cancerous group. Survivin gene expression 
significantly lower in mice groups treated with 
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sonophoto therapy (in presence of nano-PhLon) than 
those treated with photo- or sono-therapy only (in 
presence of nano-PhLon alone) followed by photo- or 
sono-therapy only (in absence of nano-PhLon alone) 
while the highest expression was among untreated 
cancerous group. The present results further support 
that molecular detection of survivin gene expression 
using RT-PCR could be used as a diagnostic and 
prognostic predictor of breast cancer and was in 
agreement with other studies done by other authors 
[52-61]. 

Finally, it can be concluded that the present study 
opened new trends for cancer treatment therapy 
that needs to be further verified. The study gave 
profound results involving the use of sono-photo-
dynamic modality employing exposure to infra-red 
laser and ultrasound with (pulsed and continuous) 
in combination with nano-PhLon as a sono-photo 
sensitizer for treating Ehrlich tumor inoculated to mice 
as an experimental animals. The possible application 
of nano-carrier-sono-photo-dynamic therapy as in 
vivo anti-malignancy can open new line of research 
for modern cancer therapy that needs to be further 
investigated. Nanomaterial with their effective drug 
delivery great potential for can permit the feasibility 
of targeted therapy for disease treatment that needs 
further research for optimizing and maximizing 
benefits. Conjugated nanomaterial therapy can 
potentially provide a very valuable application for 
amplifying the benefits of photodynamic therapy. 
Response can be improved utilizing sonodynamic 
targeted therapy to treat deep or multiple lesions 
simultaneously. Further research is required to 
validate this novel therapy to prove feasibility and 
safety of application.

Conclusion
The present study gave profound results involving 
the use of sono-photo-dynamic modality employing 
exposure to infra-red laser and ultrasound with (pulsed 
and continuous) in combination withnano-PhLon as a 
sono-photo sensitizer for treating implanted Ehrlich 
tumor in mice as an experimental animals showing 
promising results for cancer treatment. 

Recommendation

The present study opened new trends for cancer 
treatment therapy that needs to be further verified. It is 

strictly recommended to conduct further experimental 
protocols aiming to safely apply this up-to-date 
modality on human and recording other biochemical 
and/or biophysical parameter’s variations.
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