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Abstract

The purpose of this study was to assess the effectiveness of activated nano-curcumin as a cancer-
targeted therapy. Six groups of albino mice with cancer implants were used for this study. Sono-
(ultrasound) and photo- (blue laser) were used as energy sources. The outcomes showed that nano-
curcumin is an effective photo-sono sensitizer for the treatment of cancer. Upon activation with blue laser
and/or ultrasound, nano-curcumin plays a crucial part in inhibiting tumor development and promoting
cancer cell death. Our findings showed that activated nano-curcumin might be used as a natural
nanosensitizer for cancer targeted sono-photobiomodulation therapy (SPBMT).

Highlights

1. New trend of cancer treatment: sono-photo-biomodulation therapy (SPBMT) in combination with
nano-curcumin as a sono-photo-sensitizer.

2. A phytochemical nanomaterial with great potential as effective drug delivery targeting system
for SPBMT.

3. Nontoxic, safe and locally activated cancer treatment modality.

4. Selective cancer killing.

Introduction

Without a question, one of the most challenging research topics is cancer. It is widely accepted that
tumors can be treated using traditional treatment options such chemotherapy, radiation, surgery, and
combination therapy in order to cure or eradicate them. Chemotherapy is still a very effective cancer
treatment option however it comes with an excessive amount of dangers and unfavorable side effects.
There is always a chance of recurrence, and some cancers could acquire resistance to chemotherapy and
radiation treatment. One must look for fresh therapeutic solutions in order to treat tumors successfully
and prevent the spread of cancer. So to overcome the main obstacles involved in traditional cancer
treatment, researchers are looking for effective treatments in alternative, complementary medicine and
supplements [1,2].

Photodynamic therapy (PDT) treatment method has been established to treat different kinds of cancers.
PDT involves a photo-sensitive drug intake and the affected area subsequently illuminated with light
corresponding to the sensitizer absorbance wavelength. Factors that govern PDT cancer therapy; include
the photosensitizing agent localization in cancerous tissue and the appropriate light dose delivered to
that tissue [3,4].

Sonodynamic therapy (SDT) treatment method evolved from PDT to overcome the light drawbacks
penetration depth. SDT involves a sono-sensitive drug intake and the target area subsequently exposed to
ultrasound. Using SDT enabled penetration of up to several tens of centimeters of tissue. Consequently,
SDT put an end to PDT obstacles and major limitations. [5-7].
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Sono-photobiomodulation therapy (SPBMT) is a treatment method that includes photo- and sono-
sensitive agents. PDT has been conducted separately away of SDT for years with variable success for
cancer treatment. PDT has been directed for superficial cancer, while upon the combination with SDT, it
showed to be functional for deep tumors and metastatic cancer when spread to the lung, liver, and bone
in particular [6,7].

Curcumin (CUR) sparingly soluble polyphenolic compound with poor solubility and absorption derived
from the root of Curcuma longa. Commercially available curcumin is diferuloylmethane,
bisdemethoxycurcumin, and demethoxycurcumin combinations owing to that nanoparticle enable greater
solubility and absorption rate. Researchers provided evidence that curcumin has antibacterial, antifungal,
antiviral, antioxidative, anti-inflammatory, and antiproliferative moieties [8—11].

Our work aimed at study the antitumor potential of photobiomodulation and sonodynamic therapy
combined with nano-curcumin sensitizer on the Ehrlich tumor implanted in mice. To attain our goal, the
following steps have been done:

Materials And Methods

Preparation of nano-curcumin

In the current work, nano-curcumin was employed as SPS. Nano-curcumin was prepared by the solvent-
antisolvent precipitation ultrasonication method [12]. To all tumor-bearing mice, treated groups, nano-
curcumin was administered by intraperitoneal (ip) injection 9-12 hrs before exposure to PDT and/or SDT
for two weeks.

Experimental protocol

130 male albino mice bearing EAC carcinoma. Upon 10 days of tumor inoculation, the tumor reached
about Tmm, the study treatment started. The present study protocol was conducted following the ethical
guidelines. Experimental animals were subdivided into

G I: 10 mice: normal with no tumor (negative control), 10 mice: mice inoculated with EAC without
treatment (positive control) and 10 mice: mice inoculated with EAC treated with nano-curcumin without
activation.

G Il: 10 mice: EAC-bearing mice irradiated with blue Laser, low frequency, for 3 minutes and 10 mice: EAC-
bearing mice irradiated with blue Laser, high frequency, for 3 minutes.

G Ill: 10 mice: EAC-bearing mice irradiated with puls US for 3 minutes and 10 mice: EAC-bearing mice
irradiated with cont US for 3 minutes.

G IV: 20 mice: EAC-bearing mice treated with (nano-curcumin) were irradiated with laser light as same G Il
conditions.
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G V: 20 mice: EAC-bearing mice treated with (nano-curcumin) were irradiated with ultrasound as same G
[l conditions.

G VI: 20 mice; 10 mice: EAC-bearing mice irradiated with blue laser light (high frequency) followed by puls
US for 3 minutes and 10 mice: EAC-bearing mice treated with (nano-curcumin) were irradiated with blue
laser (high frequency) followed by puls US for 3 minutes.

Nano-curcumin activation

Nano-curcumin activation was achieved through blue laser and/or US irradiation; after mice were
anesthetized the probe laser and/or ultrasound was posted nearly the tumor for PDT, SDT, and SPBMT as
mentioned before. PDT was applied using a blue diode laser; model LAS-50 Germany and SDT was
applied using an ultrasonic instrument; model F-801C China. For assessment treatment; the following
analyses were done

Implanted tumor analysis

Tumor growth and/or inhibition were examined regularly every day using a slide digital caliper, then the
volume in (mm?3) and weight in (g) of the tumor after scarification at the treatment protocol end was
calculated.

Biochemical analysis

from all experimental animals, blood samples were withdrawn for obtaining sera for examinations.
Malondialdehyde [7,11,13], antioxidant enzymes [7,11], hepatic and renal function tests [7,11] were
analyzed in accordance with the manufacturer's kit instructions (BioVision Catalog # K739-100, #K274-
100, #K761-100, #K263-100, #K335-100 and #K773-100, Sigma Catalog # MAK179, # MAKOQ80, #
MAKO052, #MAK055, #MAK089 and #MAKQ89respectively) using Auto-analyzer; Indiko Plus.

Molecular detection of P21, P16, p53, and TGFB-1 RT-PCR expression: from the mice, Erich tumor RNA
was extracted and full-length cDNA preparation from RNA according to the manufacturer's instruction of
QIAGEN kit # K1621, #1622. The followings were added in all PCR tube 5 pl Template P16, P21and p53 -
cDNAs, 10 pl Fermentas# k1081 Green PCR Taq Master Mix (2X) {dNTPs [0.4 mM of each dATR, dCTP,
dGTPR dTTP], 0.05u/pl Taq polymerase and reaction buffer}, 1.5 pl of forward and reverse primers: [P21: 5
—ACGGTGGYC T TGAC T CGTC — 3,P21:5

—CAGAGTGCVGACAGCGACVYG — 3,P16:5— T GGCCVGAGCGGGGACA — 3,
P16:5— GCGGGCTGAGGCGGA T T A — 3,P53:5

—TGCTCACCTGGCTVAG T — 3,P53:5— VIGTCTCTGGCTCAGAGG — 3,
TGFB-1:5— GTCTGGC T AGCTGTC T — 3TGFB-1:5

— AT CATAGGCTGTGACGC — 3] and final volume 20 pl completed by RNase free deionized
water. In all PCR tubes the mixtures were vortexed gently, centrifuged briefly for all drops collection in
tubes, then in the Little Genius, Bioer Co thermal cycler, all PCR tubes were placed. The 35 thermal

Page 4/28



amplification cycles thermal profile of PCR: 94°C/2min pre-denaturation, followed by 94°C/T1min
denaturation, 52°C/1min annealing, and 72°C/1min extension, and 72°C/7min last extension. For
verification of mRNA preparation + ve control Glyceraldehyde-3-phosphate dehydrogenase (GAPDH):5
— AGGCGGTGCTGAGTATGTC — 3,GAPDH: 5— TGCTGC T CACAC T CT — 3 was
used as, also -ve controls reaction tube without cDNA sample addition and containing no cDNA control
template was included. 2% agarose gel was stained with ethidium bromide (EthBr) was used for
amplicons analysis and visualized under 302nm BIO-RAD, USA,UV transilluminator for 213 bp, 200 bp,
208 bp, and 530bp bands using Fermentas, 100bp DNA ladder #SM0323.

Histopathological analysis

Excised tumor tissues were properly fixed, and stained by eosin and haematoxylin (H&E) for light
microscopy examination.

Transmission Electron Microscope (TEM) ultrastructure analysis

Excised tumor tissues were properly fixed, stained and prepared for semi-thin section examination. Ultra-
thin sections prepared using LKB automatic ultra-microtome, mounted on grids, examined by JEOL-100
CX-TEM.

Statistical analysis:

The data were processed using the SPSS program.

Results

Nano-curcumin was successfully synthesized in agreement with other studies according to UV-vis
optimum absorption peak, PL optimum photoluminescence peak, XRD crystallinity and purity nature,
FTIR bands obtained corresponding to the respective vibrations of the functional groups present in
nanocurcumin in addition the shape and size by TEM, Figure (1.a.).

Nano-curcumin without activation has a slight effect on tumor growth and mass inhibition. At 7 days, all
modalities have an increasing impact on tumor volume and weight reduction. Upon the second week, the
use of blue laser and pulse or continuous US waves with and without nano-curcumin becomes more
efficient.

The nano-curcumin presence increases both the blue laser (PDT) and the US (SDT) effectiveness. The
obtained results elucidated that puls US is more efficient than cont US in the presence and absence of
nano-curcumin. Pulsed ultrasound waves were selected for integration with blue laser at high frequency.
The combined therapeutic method is more efficient than using blue laser or ultrasound alone Figure (1.b.
-1.e.).
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Oxidative Stress and Antioxidant Status: Increase in MDA, a lipid peroxidation marker was assessed in
the EAC-control group. The statistical significant elevation of MDA levels in all radiation-exposed groups
and treated without nano-curcumin was observed.

Experimental irradiated study groups with blue laser, US or both in the presence of nano-curcumin

showed significantly MDA lower levels compared with both cancer control group, and non-activated nano-
curcumin treated group, Figure (2.a.). Also, in the same figure, mice implanted with EAC showed
significantly decreased antioxidant activity (CAT, SOD, GST, GR, and TAC) compared with the normal
control group. Meanwhile, non-enzymatic and enzymatic antioxidants significantly increase in groups
irradiated with either blue laser and/or US both in with and without nano-curcumin compared to the
control group of cancer or with mice groups treated without activation nano-curcumin.

Liver and Kidney Function Tests: Kidney function tests, namely: urea and creatinine, are estimated. It was
found that kidney function tests increased in all EAC-bearing animal groups. Meanwhile, nano-curcumin
caused low levels of creatinine in serum and urea, which may be indicative of renal protection, Figure
(2.b.). This also underlines the nano-curcumin renal protective role. Transaminases, alkaline
phosphatase, and gamma-glutamyl transferase were also examined. EAC results in significant elevation
of serum activity of gamma-glutamyl transferase, transaminases, and alkaline phosphatase in tumor-
bearing groups. While, decrease in serum levels of transaminases, gamma-glutamyl transferase and
alkaline phosphatase in the EAC treated groups with nano-curcumin, was observed, indicating the
activated nano-curcumin hepatic protection, this also underlines the nano-curcumin hepatic protective
role.

P21, p16, p53, and TGFB-1 gene expressions: Amplification of p21, p16, p53, and TGFB-1 gene
expressions in EAC excised from treated and untreated animals using RT-PCR is illustrated Figure (3).
P21, p16, p53, and TGFB-1 PCR amplificons were detected using 2% agarose gel. Products for gene
expression of p21, p16, p53, TGFB-1, and GADPH were at 213, 200, 208, 495, and 530bp, respectively. All
samples showed positive expression to GADPH. Samples of lanes (1-3, 4-6,7-9, and 10-12) showed
positive bands for p21, p16, p53, and TGFB-1 gene expressions with different intensities with different-
studied modalities.

Histological Evaluation: All EAC tumors in the cancerous control group without treatment showed
aggressive malignancy with little necrosis. All EAC tumors from groups administered (nano-curcumin
only) as sono-photosensitizer; nearly equivalent results as the EAC group owing to nano-curcumin
inactivation. All EAC tumors from groups exposed to the blue laser group, low frequency, high frequency
only, showed 45-60%, respectively necrotic areas. In the EAC tumors from groups administered (nano-
curcumin) and exposed to low frequency, the high frequency showed (65-75%, respectively) necrotic
areas. All EAC tumors from groups exposed to puls or cont ultrasound showed (60-65%, respectively)
necrotic areas. All EAC tumors from groups were administered (nano-curcumin), and exposed to puls or
cont ultrasound showed (75-80%, respectively) necrotic areas. In the case of EAC tumors from
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combination groups, high frequency followed by puls ultrasound, with and without (nano-curcumin)
administration showed large foci of necrosis areas (85-90%, respectively), Figure (4.a.).

TEM Ultrastructure Evaluation: TEM,; the histological evaluation Figure (4.b.) revealed that EAC tumors
from groups without treatment has shown an irregular serrated nuclear membrane with deep
indentations, having large polypoid nuclei, and coarsely clumped dense heterochromatin situated on the
nuclear membrane, while in the case of the combination group injected with (nano-curcumin) tumors
showed massive areas of dead cell seen as ghosts of pale cells without nuclei and cells having swollen
ruptured organelles.

Discussion

In the present manuscript, nano-curcumin was demonstrated as a sensitizer for both blue laser and
ultrasound and to determine whether photodynamic therapy and sonodynamic therapy alone or together
can be managed safely, providing an increasingly toxic response to carcinogenic cells locally also offer a
promising way for cancer eradication. The evaluation of MDA is used as an oxidative stress marker,
indicating the role of lipid peroxide in cancer development.

Free radical oxidize polyunsaturated lipids, resulting in MDA, one of the reactive electrophile species,
causing cells toxic stress [14,15]. The probable cause of MDA elevated level in cancer could be a
deteriorated oxidant-antioxidant balance system that accumulates cancerous tissues with lipid peroxides
followed by secretion into the bloodstream [16]. Highly cytotoxic MDA is the major polyunsaturated lipid
oxidation aldehyde final peroxyl radical product. Reported to inhibit protective enzymes; thus it can have
a tumorigenic impact [17]. In this work, MDA elevation in the EAC untreated cancerous control group was
reported. MDA levels increase in EAC animal groups when compared to the normal untreated group.
Oxidative stress Inhibition by nano-curcumin is mainly due to the trapping of ROS causing peroxidation
[18,19].

Animal groups administered nano-chromium as a treatment showed significantly MDA lower level
compared with non-nano-treated curcumin groups. These are achieved by the anti-lipid peroxidation
characteristic of nano-curcumin through searching for and scavenge free radical generated. Prevention of
cellular destruction by ROS results from the anti-oxidant defense system.

The antioxidant defensive system can reveal free radicals, which of great significance value in oxidative
stress initiation and MDA formation, thus protecting cancer development [20]. Defense system function
through non-enzymatic components (mainly GSH) and enzymatic (including GPx, SOD, CAT, and GST)
[21]. SOD is the defense mechanism primary step involving the oxidant-antioxidant system resisting
oxidative stress, catalyzes superoxide anion (O,) breaks down into H,0, and O,. H,0, can be deleted and

converted it into harmless byproducts by Gpx and catalase, thus allowing protection against ROS [22].

GPX is highly effective in free radical neutralization reacting in ROS stress response to peroxides and
hydroxroids detoxification that leads to GSH oxidation [23]. Also, GST catalyzes the association of GSH
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thiol functional groups with electrolytic xenobiotic, eliminating or converting the xenobiotic-GSH
conjugate [24]. In this interaction, glutathione is converted to oxidized GSSG form and reassembled with
NADPH consumption by GR [25]. Non-enzymatic antioxidant inside the cell is GSH [32]. GSH is involved in
lots of cellular pathways, including intra and extra compound detoxification and cells conserving against
the adverse oxidation effects efficiently by scavenging, removing ROS and/or H,0,, and suppressing

peroxidation [26].

In this work, studied EAC groups evoked low antioxidant activities. Current data is agreement with
reported results [27-29]. It was reported that this subsequent reduction antioxidants because of low
expression of this defense system during the destruction of the mammary gland. Meanwhile, a
significant enzymatic antioxidant and non-enzymatic increase in custody in animals carried EAC
subjected to the nano-curcumin, blue laser and/or US.

This increase because of the competence of nano-curcumin to hinder the synthesis of reactive free
radicals, promote the activity of the endogenous defense antioxidant system beyond its ROS trapping
moiety, and enhance the lowering of EAC oxidative stress [30]. An elevation of antioxidant enzyme
activity in nano-curcumin-treated mice indicates its protective effect [31,32].

In this work, antioxidant activities are inversely related to MDA. The elevated level of MDA can be
elucidated by an imbalance in the oxidant-antioxidant defense system with the accumulation of lipid
peroxides ROS in the tumor, as noted. In addition, it was reported that a decrease in TAC with a higher
MDA level in the cancer group compared to the normal untreated group [33-35].

Creatinine and urea, removed from the bloodstream by the kidneys, are metabolic byproducts to prohibit
their accumulation. Elevations of all these indices indicate loss of kidney function [36]. This study
indicates that EAC implanted in all mice groups caused kidney function loss compared to normal mice,
which is inconsistent with other studies [37-39]. Vital indicators of kidney function, urea, and creatinine
have been estimated in our work.

In the present work, nano-curcumin improves kidney function tests as an indicator of kidney protection
and evokes the nano-curcumin protective role [40]. The liver is the main organ concerned with the
biological transformation of xenobiotic substances. Levels of bilirubin and liver transaminases, ALR, and
transferase enzymes consider a reliable marker of liver toxicity [41,42].

Increased transaminases due to leakage from liver-destructed cells (liver injury) [43]. Alkaline
phosphatase and transferase enzyme are linked to the cellular membrane. Elevations of ALP and
transferase enzyme activities manifest a condition of liver injury [44]. Vital indications of liver function,
liver transaminases, ALP, and transferase were taken in our work.

In this work, implanted mice groups, with EAC significantly increased serum transaminases, ALP, and
transferase activity. Transaminases, primarily localized in hepatic cell cytoplasm and mitochondria
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[45,46]. In this work, nano-curcumin therapy was treated against elevated levels of serum AST, ALT, ALP,
and GGT an indicator of liver protection by nan-curcumin.

In the current work, the molecular study of p21, p16, p53, and TGFB-1 gene expressions as markers for
cancer treatment and inhibition of angiogenesis; manifested a significant positive agreement between
p53, and p16 gene expressions and treatment modalities in the presence of nano-curcumin on the other
hand, a negative agreement between cancer development and p53, and P16 expressions in the untreated
cancer group. P16, and p53 gene expressions significantly elevated in sono-photo- biomodulation therapy
with (nano-curcumin) exposed mice groups than exposed to PDT-modality or SDT-modality only with
(nano-curcumin) alone followed by laser-modality or US-modality only without (nano-curcumin) alone
and the lowest expression was among the untreated cancer group. Meanwhile, there was a significantly
negative agreement between p21, and TGFB-1 expressions and treatment modalities of in the presence of
nano-curcumin while a positive agreement between cancer development and p21, and
TGFB-1expressions in the untreated cancer group. P21, and TGFB-1 gene expressions significantly lower
in mice groups treated with sono-photo-biomodulation therapy with (nano-curcumin)] than those treated
with PDT- modality or SDT-modality only with (nano-curcumin) alone followed by laser-modality or US-
modality only without (nano-curcumin) alone and the highest expression was among the untreated
cancer group.

The present work indicated that P21, P16, p53, and TGFB-1 gene expressions using RT-PCR a good
predictor of cancer treatment and inhibition of angiogenesis and was inconsistent with other studies
done by other authors [47-55]. In the end, the application of photo- and sono- activated phytochemical
nanoparticle (nano-curcumin) as in vivo anti-tumor therapy opens up a new way of research in cancer
treatment.

Also, the application of nanoparticles enables the great potential for effective drug delivery, allows
targeted treatment, improves and amplifies the response to sono-phototherapy.

Recommendation:

Current work offered new trends for the treatment of cancer that require investigations furthermore. More
experimental study protocol investigations needed to be introduced to safely conduct this promising
modern method for humans and monitor other biophysical and biochemical indices change.

Conclusion

The current work results displayed the sono-photo-biomodulation method, which uses ultrasound and
laser exposure in the presence of nano-curcumin to treat cancerous tumor (Ehrlich) implanted in mice as
in vivo experimental model a promising trend for treatment of cancer.
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Figure 1

(1.a.): Characterization of synthesized nano-curcumin; (a) TEM, (b) non soluble curcumin vs soluble
nano-curcumin, (c) UV-vis spectra, (d) PL spectra, (e) Fourier transform infrared (FTIR) spectra, (f) X-ray
powder diffraction (XRPD) pattern.
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Figure 2

(1.b.): The effect of blue Laser at different frequencies, US continuous / pulsed and combined modalities
on the tumor volume (mm3), tumor volume growth rate (%), tumor volume inhibition ratio (%), tumor

mass (gm), tumor mass growth rate (%), tumor mass inhibition ratio (%), of untreated and nano-curcumin
treated groups.
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F: F value for ANOVA test (TV (mm3): 27.424 p<0.001*, TM (gm): 20.364 p<0.001%*)

a: Significant with EAC group b: Significant with nano-curcumin only group *: Statistically significant at
p<0.05
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(1.c.): The effect of blue Laser at different frequencies on the tumor volume (mm3), tumor volume growth
rate (%), tumor volume inhibition ratio (%), tumor mass (gm), tumor mass growth rate (%), tumor mass
inhibition ratio (%), of untreated and nano-curcumin treated groups.

F: F value for ANOVA test (TV (mm3): 27.424 p<0.001*, TM (gm): 20.364 p<0.001%)

a: Significant with EAC group b: Significant with nano-curcumin only group *: Statistically significant at
p <0.05
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Figure 4

(1.d.): The effect of continuous / pulsed US on the tumor volume (mm3), tumor volume growth rate (%),
tumor volume inhibition ratio (%), tumor mass (gm), tumor mass growth rate (%), tumor mass inhibition
ratio (%),of untreated and nano-curcumin treated groups.

F: F value for ANOVA test (TV (mm3): 27.424 p<0.001*, TM (gm): 20.364 p<0.001%*)
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a: Significant with EAC group b: Significant with nano-curcumin only group *: Statistically significant at
p=<0.05
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(1.e.): The effect of blue Laser/US combined modalities on the tumor volume (mm3), tumor volume
growth rate (%), tumor volume inhibition ratio (%), tumor mass (gm), tumor mass growth rate (%), tumor
mass inhibition ratio (%), of untreated and nano-curcumin treated groups.

F: F value for ANOVA test (TV (mm3): 27.424 p<0.001*, TM (gm): 20.364 p<0.001%)

a: Significant with EAC group b: Significant with nano-curcumin only group *: Statistically significant at
p <0.05
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(2.a.): The effect of blue Laser at different frequencies, US continuous / pulsed and combined modalities
on antioxidants activities, capacities and MDA, of untreated and nano-curcumin treated groups. F: value
for ANOVA test (GST (U/ml): 65.121 p<0.001*, GR (mU/ml): 7.123 p<0.001*, CAT (mU/ml): 1486
p<0.001%* TAC (mM/L): 504.348 p<0.001*, SOD (U/ml): 30050 p<0.001* and MDA (nmol/ml): 1950
p<0.001%)
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Data was expressed by using mean + SD; .a: Significant with Normal group, b: Significant with EAC group,
c: Significant with nano-curcumin group, *: Statistically significant at p < 0.05.
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(2.b.): The effect of blue Laser at different frequencies, US continuous / pulsed and combined modalities
on renal and hepatic biomarkers, of untreated and nano-curcumin treated groups. F: value for ANOVA test
(Urea (mg/dl): 275.140 p<0.001%*, Creatinine (mg/dl): 10.560 p<0.001*, ALT (U/I): 457.10 p<0.001*, AST
(U/1): 8793 p<0.001*, ALP (U/1): 8683 p<0.001* and GGT (U/I): 4.850 p<0.001%*)

Data was expressed by using mean + SD; .a: Significant with Normal group, b: Significant with EAC group,
c: Significant with nano-curcumin group, *: Statistically significant at p < 0.05.
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Figure 8

(3): The effect of high freq. blue laser, pulsed US and combined modalities on p27, p76, p53 and TGFB-1
gene expression levels, of nano-curcumin treated and untreated groups.
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Figure 9

(4.a.): Histopathological H&E microscopic examination: (1) untreated EAC implanted without any
treatment group, (2) nano-curcumin treated without activation group, (3) low freq. blue Laser irradiated
group in absence of nano-curcumin, (4) high freq. blue Laser irradiated group in absence of nano-
curcumin, (5) low freq. blue Laser irradiated group in presence of nano-curcumin, (6) high freq. blue Laser
irradiated group in presence of nano-curcumin, (7) continuous US irradiated group in absence of nano-
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curcumin, (8) pulsed US irradiated group in absence of nano-curcumin, (9) continuous US irradiated
group in presence of nano-curcumin, (10) pulsed US irradiated group in presence of nano-curcumin, (11)
combined high freq. blue Laser /puls.US irradiated group in absence of nano-curcumin and (12)
combined high freq. blue Laser /puls.US irradiated group in presence of nano-curcumin.

(TEM) of EAC untreated cancerous group; shows irregular serrated nuclear membrane with deep indentations
(arrows), having polypoid large nuclei (N), and coarsely clumped dense heterochromatin situated on the
nuclear membrane (*).

(TEM) of nano-curcumin and combined (high freq. blue Laser and pulsed ultrasound) treated group; shows
massive areas of tumor dead cell seen as ghosts of pale cells without nuclei (arrow), cells having swollen
ruptured cytoplasmic organelles(*).

Figure 10
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(4.b.): TEM histological ultra-structure evaluation of activated nano-curcumin untreated and treated
groups.
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