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Abstract

Background: Sono-photodynamic therapy (SPDT) is a novel cancer treatment therapy that uses the light of a
particular wavelength and sound of a particular frequency to activate a light- and sonosensitive material that
attaches selectively tumor cells, causing their breakdown. The present work aims to investigate biochemically and
pathologically the effectiveness of using SPDT in combination with either nano-5-aminolevulinic acid (nano-
ALA) or nano-Chlorophyll (nano-Chl), as sono-photosensitizers, in curing Ehrlich ascites carcinoma tumor
implanted to a group of mice. Methods: A total of 130 male Swiss albino mice age 60-65 days, weighing 20 + 2.0 g,
were used in this experiment. Two sources of energy were used; namely infrared laser (IR) and Ultrasound for 3
min. When the tumor had grown to about 10 mm in diameter at day 10 after inoculation, the treatment strategy was
started. Six experimental groups were investigated. Biochemical analyses were carried out to detect the serum
levels for activities of oxidative stress enzymes, liver, and kidney functions. Pathological analyses were carried
out to evaluate the effect of different treatment modalities on tumor treatment. Results: It was observed that SPDT
utilizing nano-ALA or nano-Chl ameliorated the activity levels of the studied enzymes in mice bearing tumor
lesions, indicating the safe and non-toxic treatment modality. The pathological evaluation showed that targeted
SPDT caused the almost complete destruction of cancer cells. Conclusion: The results suggest that nano-ALA or
nano-Chl could be used as a novel and safe nano-materials with great potential as an effective drug delivery system
in cancer-targeted SPDT.
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Introduction

SPDT is available as an effective treatment for
cancer in England, Mexico, Israel, China, and Cape
Town. It has been shown to be efficient for deep-
seated tumors such as bowel and ovarian cancer, as
well as metastatic cancer, in particular when spread to
bone, lung, and liver tissues Y. The vast majority of
patients with advanced cancer treated with SPDT live
longer than predicted and in 75% of cases, there is
significant tumor cell destruction @. At the beginning
of the treatment, patients consume or are intravenously
given a nanomaterial-based light-sensitive compound
that binds selectively to tumor cells. It stays absorbed
by cancer cells but is quickly released by healthy cells.
The active agent is absorbed into the body 48-72 h
prior to treatment and intravenous ozone is
administered just before the treatment to enhance its
effects; ozone, which is a super-oxygen compound,
inhibits cancer cell growth, as cancer cells are more
active under low oxygen thresholds ¢, The patient is
then placed in a specialized light bed and exposed to
thousands of light-emitting diodes (LED) which emit
red and infrared light waves, followed by ultrasound
treatment at a definite frequency in tumor localized
areas of the body. The excited sensitizer stimulates the
formation of reactive oxygen species (ROS) from the
molecular oxygen present in the cells. ROS leads the
cancer cells to die by severely increasing the level of
oxidative stress, causing genetic and cell membrane
damage. The death of cancer cells activates the
immune system that responds to the call to clean-up
the debris and attacks the remaining malignant cells
that are finally recognized as invaders. SPDT also
blocks angiogenesis, the crucial conduit for cancer cell
nutrition. Since the whole body is exposed to the light,
all cancer or pre-cancerous cells within a range are
affected, allowing the destruction and inhibition of
cancer anywhere in the body 9. This treatment is
entirely safe and the only side-effects are related to the
destruction of the tumor cells that produce an
inflammatory response intended at clearing the dead
tumor tissue ©.

J. Biosci. Appl. Res.

pISSN: 2356 - 9174, elSSN: 2356 9182 19

The liver is the organ involved in the
biotransformation of drugs and other hepato-toxicants.
The serum level of bilirubin and activities of liver
enzymes; ALT, AST, ALP, and GGT, are considered
reliable indices of hepatotoxicity @V, An increase in
serum ALT and AST may have resulted from leakage
from damaged hepatocytes (hepatocellular injury) ).
The serum level of bilirubin also indicates
hepatotoxicity. Bilirubin is found in the liver, bile,
intestines, and the reticuloendothelial cells of the
spleen while ALP and GGT are associated with the cell
membrane @, Serum bilirubin and activities of ALP
and GGT are found to increase in conditions
associated with hepatobiliary injury (decrease in
hepatic clearance of bilirubin) and overproduction or
leakage of ALP and GGT @4, Creatinine and urea are
metabolic products that are removed from circulation
by the kidney to prevent their accumulation. An
increase in the serum level of these substances is
regarded as an indication of loss of renal function >
¥ The underlying work was conducted aiming at
investigating the biochemical and pathological effects
of wusing SPDT in combination with sono-
photosensitizer (nano-ALA or nano-Chl) loaded on
graphene oxide nanoparticles as an up-to-date treating
cancer modality for the purpose of curing Ehrlich
ascites carcinoma, EAC.

Materials and Methods
Synthesis of nano-material

In the present work nanographene oxide (NGO) was
prepared using nature graphite powders as the raw
materials by a modified Hummers method ®®. Also,
conjugation of folic acid with graphene oxide (FA-
NGO) was used. Folic acid (FA) molecules were
conjugated to the NGO as described by Jonsson et al
(19 Sonophotosensitizer was loaded by FA-NGO (FA-
GO-CHL). 5-aminolevulinic acid or Chlorophyll
(purchased from Molbase Chemicals Co. China) was
used as sonophotosensitizer; chemically active by
absorption of light and/or ultrasound. The loading
efficiency of sonophotosensitizer was calculated
according to UV absorbance at 663 nm. Every
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experiment was repeated for three times. Nano-
sonophotosensitizer was administered by intraperitoneal
(IP) injection to tumor-bearing mice for 15 days 18-20
hours before exposure to either photo and/or
sonodynamic treatment modality.
Animal treatment

A total of 130 male Swiss albino mice age 60-65 days,
weighing 20 + 2.0 g, were purchased from National
Cancer Institute, Cairo University, were induced Ehrlich
Tumor Cells. Ehrlich ascites carcinoma tumor cells, 2 x
10° mammary in origin, diluted approximately (1-9) in
0.9 % saline were inoculated subcutaneously on the left
side of mice. The animals were housed in plastic cages
and were kept under natural light with diet and water
available. When the tumor had grown to about 10 mm in
diameter at day 10 after inoculation, the treatment
protocol was started. The 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).

The experimental animal treatment groups were as
follows:
Group I: (30 mice)

a) 10 mice: Control without tumor.

b) 10 mice:
treatment.

Tumor-bearing mice without

¢) 10 mice: Tumor-bearing mice treated with
(FA-NGO-CHL) only.

Group I1: (20 mice, laser-irradiated group)

a) 10 mice: were exposed to Infra-Red Laser
(4000 Hz) for 3 minutes.

b) 10 mice: were exposed to Infra-Red Laser
(7000 Hz) for 3 minutes.

Group I1: (20 mice, ultrasound group)

a) 10 mice: were exposed to pulsed ultrasound
for 3 minutes.
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b) 10 mice: were exposed to continuous
ultrasound for 3 minutes.

Group 1V: (20 mice, (FA-NGO- CHL), laser group)

The mice of this group were injected
intraperitoneally (IP) with (FA-NGO- CHL), then the
tumor site will be irradiated to laser light at the same
conditions of group II.

Group V: (20 mice, (FA-NGO- CHL), ultrasound
group)

The mice of this group were injected (IP) with
(FA-NGO- CHL), then were divided into 2 sub-groups.
The tumor site was irradiated to ultrasound at same the
conditions of group Il1.

Group VI: (20 mice, combined treatment groups)

a) 10 mice: The tumor site was irradiated to laser
light (7000 Hz) for 3 minutes, followed by
pulsed ultrasound for 3 minutes.

b) 10 mice: Injected (IP) with (FA-NGO- CHL).
The tumor sites were irradiated to laser light
(7000 Hz) for 3 min, followed by pulsed
ultrasound for 3 minutes.

For laser and ultrasound exposure, the mice were
anesthetized with diethyl ether. The hair over the tumors
was shaved off. The mice were fixed on board with the
tumor upwards. For laser exposure, the probe was placed
nearly on the tumor, which was irradiated with laser for
three minutes at the different conditions as mentioned
before. After PDT, animals 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 peak power
of 50 W at a frequency up to 7000 Hz.

For the ultrasound exposure, the gel was added locally
and the probe was placed nearly on the tumor, which was
irradiated with ultrasound for three minutes at the
different conditions as mentioned before. Exposure of
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Ehrlich Tumor was carried out using an ultrasonic
therapy instrument (Model CSI Shanghai, No. 822
Factory. China). This instrument uses an 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/cm?. Sonocation time can be adjusted up
to 30 minutes, while the set-time is over, the power
supply cut off automatically and intermittent alarming
sound may be given. This instrument operates at both
continuous and pulsed modes (pulse frequency 1000 Hz,
duty ratio 1/3, and average power density from 0.15-1
W/cm?).
Biochemical Examination
All biochemical analyses were done on Indiko
Plus Auto-analyzer, with a capacity of up to 350
photometric tests/ hour.
1. Antioxidant activity
i. Estimation of Malondialdehyde (MDA)
Lipid Peroxidation (MDA) was performed as
described by the manufacturer using the assay
kit of Biovision (Catalog # K739-100).
ii. Estimation of Total Antioxidant Capacity
(TAC)
Total Antioxidant Capacity (TAC) was
performed as described by the manufacturer
using an assay kit of Biovision (Catalog
#K274-100).

iii. Estimation of
Activity (GR)
Glutathione Reductase Activity was performed
as described by the manufacturer using the
assay kit of Biovision (Catalog #K761-100).

iv. Estimation of Glutathione-S-Transferase
Activity (GST)

GST Colorimetric Activity was performed as
described by the manufacturer using the assay
kit of Biovision (Catalog #K263-100).

v. Estimation of Superoxide Dismutase
Activity (SOD)

Glutathione Reductase
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Superoxide Dismutase Activity (SOD) was
performed as described by the manufacturer
using the assay kit of Biovision (Catalog
#K335-100).

vi. Estimation of Catalase Activity (CAT)
Catalase Activity Colorimetric was performed
as described by the manufacturer using the
assay kit of Biovision (Catalog #K773-100).

2. Kidney Function Test

I. Determination of blood urea
colorimetric method)
Principle

The reaction involved in the assay system is

that urea is hydrolyzed in the presence of
water and urease to produce ammonia and
carbon dioxide.

(urease-

urease
Urea+ H.O ——— 2 NH3 + CO2

The free ammonia in an alkaline pH and in
the presence of indicator forms colored
complex  proportional to the urea
concentration in the specimen.
I1. Determination of Creatinine

It was performed as described by Jaffe's
Method, using Creatinine standard (2.0 mg/dl), picric
acid (14 mmol/l), and sodium hydroxide (250
mmol/l).

3. Liver Function Test
I. ALT (GPT) Colorimetric test
It was performed as described in Reitman and
Frankel method; briefly:

v

L- Alanine+2 Oxaglutarate ALTIGPT
Pyruvate+Glutamate

ALT/GPT is measured by monitoring the
concentration of pyruvate hydrazone formed with 2, 4
dinitrophenyl-hydrazine (color reagent; 1 mmol/L).
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Il. AST (GOT)
It is determined by reagent IFCC method 2 part liquid;
its principal is:
AST
L- Aspatate + 2- oxoglutarate o
Oxalacetate + Glutamate

Oxaloacete + NADH TDL- Malate + NAD

Sample Pyruvate + NADH —— L - Lactate +
NAD
I11. Gamma-Glutamyltransferase (GGT)
Principle

The GGT- 2 part liquid method utilizes
Glucana in the following reaction, which is initiated by
the addition of the sample. GGT present in the sample
catalyzes the transfer of the glutamyl group from the
substrate to glycylglycine forming
glutamylglycylglycine and 5-amino-2-nitrobenzoate.

L- vy -glutamyl-3-carboxy-4-nitroanilide + glycylglycine

l GGT

L- y-glutamylglycylglycine + 5-amino-2-nitrobenzoate

The rate of formation of 5-amino-2-
nitrobenzoate is proportional to the activity of GGT
present in the sample and can be measured kinetically
at 405nm.

Histopathological Examination
Small pieces of Ehrlich Tumor cells of the
experimental groups were processed and examined
by Hematoxylin and Eosin (H&E) method as follows:
1. The small pieces of Ehrlich Tumor cells were
fixed at 10% formaldehyde.
2. Then dehydrated in ascending grades using
alcohol.
3. Embedded in paraffin to produce paraffin block.
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4. The blocks were cut into 3-4 um thick sections
and floated in a water bath.

5. Cleaned with xylene, then
descending grades of alcohol.

6. Stained with Haematoxlin and Eosin stain.

7. Cleaned again ethylene.

8. Covered by covering slides, thus the slides were
prepared to be examined by light microscopy.

Statistical analysis

Analysis of numeric data was performed using one-
way ANOVA, it is a parametric statistical test that
used to compare the means for certain data of more
than two independent groups that follow a normal
distribution. The given graphs were constructed using
Microsoft Excel software. All statistical analysis were
done using two-tailed tests and an alpha error of 0.05.
P-value less than or equal to 0.05 was considered to be
statistically significant.

Results
Antioxidant activities

In the underlying study, the increase in lipid
peroxidation was reported in the control group which
carried EAC. In all the irradiated groups and that
irradiated and treated without N5-ALA, a significant
increase in the levels of MDA was observed. Animals
in groups irradiated with IRL or US or both with nano-
5-ALA exhibited significantly low levels of MDA, as
compared with the cancer control group or with treated
mice without activation of N5-ALA, as illustrated in
Table 1. ANOVA test revealed statistically significant
differences between groups at p < 0.05 (comparable
results were obtained using nano-Chl).

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 was a significant increase in the
enzymatic and non-enzymatic antioxidant guard in the
groups irradiated with IRL or US or both with nano-5-
ALA when compared with a cancer control group or
with treated mice without activation of nano-5-ALA,
as illustrated in Table 1. and Figures 3.8 to 3.13.
ANOVA test revealed statistically significant

rehydrated in
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differences between groups at p < 0.05 (comparable
results were obtained using nano-Chl).

The results of the examination of antioxidant
activities indicate the effectiveness and safe use of
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nano-5-ALA or nano-Chl-targeted sono-
photodynamic therapy in ameliorating enzyme
activities to almost their normal levels with subsequent
cancer treatment.

Table 1. Activities of antioxidant enzymes in the different studied groups.

Grous Name GST GR CcaT TAC soD MDA
P (U/ml) (mU/ml) (mU/ml) (mM/L) (U/ml) (nmol/ml)
Normal 3,95+ 0.92 0.082 + 0.01 814.26 + 3.66 0.73+0.01 1771.5+5.32 24+0.05
EAC 0.39°+0.1 0.015% £ 0.01 92,827+ 0.54 0.02°+0.01 37.48° £ 0.34 251.12°+1.58
N5-ALA 0.40°£0.15 | 0.016°+0.01 93.1%:075 | 0.03®:0.01 382%+158 2503%+1.47
4000 IRL 0532021 | 00222001 | 12504 +1.25 | 012" +0.01 | 155547 +1.33 | 195.12"+0.06
7000 IRL 0.57°°+0.16 | 0.025°°+0.01 | 242.73°+0.74 | 0.25°°+0.01 | 202.4°+135 | 171.55°+0.05
f:?f;f; 0.59%+0.18 | 0.026™20.01 | 2433274 | 026™+001 | 210™+207 161.3™™ £ 0.40
7000 IRL
ANSALA 07" £015 | 0031°™+001 | 253.4%+240 | 031%™ +001 | 281.16™+0.16 | 145.62™+0.34
Cont. US 1117°+0.12 | 0.036°+0.01 | 276.35°°+2.81 | 0367 +0.01 | 375°°+1.16 | 132.55°+1.04
Puls. US 1327°:0.12 | 0.037°2001 | 361.52°°+554 | 0.37°°+0.01 | 375.68°°+0.33 | 124117 +158
f::t;':i 1.5™:0.1 | 0038™+001 | 3903 £3.73 | 038™+001| 602 +1.92 108.44% +0.92
Pulsed US . abc ahc abc - abc abc abc
ANSALA 24%:05 | 0043001 | 51017 +3.99 | 046001 | 811%+1.90 10477 +0.95
7000 IRI+ US
Pulsed 3227402 | 00487001 | 530.87°+4.01 | 052°+001 | 1490° 158 84.3™ £ 0.05
+:;tLA 33™:03 |0049°™ 2001 | 631.5™ %370 | 053" +001| 1512°+1.50 482" +0.58
F 43.097 9.415 1463 124.9 27230 1732
P <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

F: F value for ANOVA test

a: Significant with Normal group

b: Significant with EAC group

c: Significant with N5-ALA group

*: Statistically significant at p < 0.05
Data was expressed by using mean + SD.

Liver and kidney functions

The biomarkers of renal function, 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
nano-5-ALA caused a decrease in the levels of serum
creatinine and urea which is probably an indication of
renal protection, as shown in Table 2. This also
confirms the protective role of nano-5-ALA against
renal toxicity. ANOVA test revealed statistically
significant differences between groups at p < 0.05
(comparable results were obtained using nano-Chl).

Also, the biomarkers of hepatic function, ALT,
AST, and GGT, were estimated. The EAC caused a
significant increase in the serum activities of ALT,

J. Biosci. Appl. Res.

AST, and GGT of the tumor treated groups. However,
in the EAC treated groups with nano-5-ALA a
decrease in serum levels of ALT, AST, and GGT were
observed which is an indication of the
hepatoprotection by N5-ALA, i.e., this confirms the
protective role of nano-5-ALA against hepatotoxicity,
as shown in Table 2. ANOVA test revealed
statistically significant differences between groups at
p < 0.05 (comparable results were obtained using
nano-Chl).

The results of the examination of liver and kidney
functions indicate the effectiveness and safe use of
nano-5-ALA or nano-Chl-targeted sono-
photodynamic therapy in ameliorating toxicity on liver
and kidneys with subsequent cancer treatment.



Journal of Bioscience and Applied Research, 2019, Vol.5, No. 1, P.18 -31

pISSN: 2356 - 9174, el SSN:

Table 2. Renal and hepatic functions in the different studied groups

2356 —9182

Group Name Urea Creatinine ALT AST GGT

P (me/dl) (me/dl) (U/) (u/1) (/1)
Control 11.1+0.69 | 0.22+0.08 39+1.08 35.94+0.28 1.3+0.41
EAC 30.6+0.49 | 0.62+0.07 2047 +3.69 331.06°20.98 | 2.8+0.39
N5-ALA 30.5+0.95 | 0.61+0.05 200 +2.87 3266 +0.62 | 2.76+0.45
4000 IRL 28.2+0.50 | 0.5°+0.06 156™+1.59 | 21028 +0.1 2.5+0.2
7000 IRL 242+0.32 | 044+0.18 131 +0.77 | 150.78™ +06 | 2.4+0.44
4000 IRL he ) ab _ ) _
#NS-ALA 23.9+0.66 0.4+0.03 1134 +0.66 | 14847 +0.02 | 2.38+0.43

7000 IRL , b be
+NS-ALA 225+0.57 | 0.39+0.01 93.87 +0.59 129.3° £0.50 2.2+0.41
Cont. US 21.4+0.43 | 0.34:0.18 | 842%™ +0.34 59.4%°+ 060 | 2.01+0.42
Puls. US 21.2+0.84 | 0.33+0.04 74" +0.16 55.4% +0.99 1.9+0.37
Cont. US _ _ be ) be

#NS-ALA 20.1+0.78 | 032+0.02 68.1°°+0.24 51.3°+0.43 1.88 +0.22
Puls. US 19.9+0.59 | 030+0.09 | 63.9°+0.06 491" +0.88 1.7+0.47

+N5-ALA o T R I T

7000 IRI+ US

Pulsed 18+ 0.50 0.25+0.08 | 552%™ +0.69 | 44.92™+0.99 | 1.55+0.39
Puls. 17.5+0.65 | 0.24+0.01 53.8+0.61 413"+ 041 1.51 + 0.46

+N5-ALA T R T T R

F 220.762 6.689 419.8 7889 4.424

P <0.001* <0.001* <0.001* <0.001* <0.001*

24

F: F value for ANOVA test

a: Significant with Normal group

b: Significant with Only EAC group

c: Significant with D1 only group

*. Statistically significant at p < 0.05
Data was expressed by using mean + SD.

Histopathological examination

Figures 1 to 3 show the histopathological
examination for tumor tissue of all studied mice
groups. Comparable results were obtained for nano-
Chl or nano-5-ALA, as sono-photosensitizers. The
histopathological evaluation revealed that all tumors
from the group of tumor-bearing mice (as a control
group) without treatment were highly malignant cells
and the tumors showed 5-10% necrosis (Figure 1).
Group of tumor-bearing mice treated with nano-Chl or
nano-5-ALA showed 10-14% necrosis due to nano-
Chl or nano-5-ALA inactivation. The group of mice
treated with IRL; 4000Hz or 7000Hz showed
significant areas of necrosis from 40 to 55% (Figure
1c&d).

In the group of mice injected IP with nano-Chl or
nano-5-ALA then the tumor site was irradiated to
4000Hz or 7000Hz showed significant areas of
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necrosis ranged from 65 to 75% (Figures 2). Group of
mice treated with pulsed or continuous ultrasound at a
power density of 3W/cm? for 3 minutes showed
significant areas of necrosis ranged from 55 to 60%.

The Group of mice injected IP with nano-Chl or
nano-5-ALA, then the tumor site was irradiated to
pulsed or continuous ultrasound the areas of necrosis
ranged from 74 to 79% when compared with only EAC
group (Figure 3).

While in the case of combination groups, 4000Hz
or 7000Hz followed by pulsed ultrasound in groups of
mice injected IP with nano-Chl or nano-5-ALA, Large
foci of necrosis areas from 80 to 95% were present
which were distinctly appeared (Figure 3).

The results of histopathological examination
indicate the effectiveness of nano-5-ALA or nano-Chl-
targeted sono-photodynamic therapy in the destruction
and necrosis of cancer cells with subsequent success in
cancer treatment.



Journal of Bioscience and Applied Research, 2019, Vol.5, No. 1, P.18 -31

pISSN: 2356 - 9174, eISSN: 2356 9182 25

Figure 1. Histopathology of different studied groups (H&E x400); a, Group of tumor bearing mice without treatment as a control
group: [poorly differentiated carcinoma (necrosis; 0-5%)]; b, Group of tumor bearing mice treated with nano-Chl as sono-
photo-sensitizer only: [poorly differentiated carcinoma (necrosis;10-14%)]; ¢, Group of mice treated with 4000 Hz Infra-
Red Laser (IRL) for 3minutes (H&Ex400): [poorly differentiated carcinoma (necrosis;40%)]; and d, Group of mice treated
with IRL group, 7000Hz, for 3 minutes (H&Ex400): [Poorly differentiated carcinoma (necrosis; 55%)].

J. Biosci. Appl. Res.
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Figure 2. Histopathology of different studied groups (H&E x400); a, Group of mice injected IP with nano-Chl, then the tumor site
were irradiated to 4000 Hz IRL: [poorly differentiated carcinoma (necrosis; 65%)]; b, Group of mice injected IP with (nano-
Chl), then the tumor site were irradiated to 7000 Hz IRL: [poorly differentiated carcinoma (necrosis; 75%)]; ¢, Group of mice
treated with pulsed ultrasound at power density of 3W/cm? for 3 minutes: [poorly differentiated carcinoma (necrosis; 55%)];
d, Group of mice treated with continuous ultrasound at power density of 3W/cm? for 3 minutes: [poorly differentiated
carcinoma (necrosis; 60%)].

J. Biosci. Appl. Res.
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-igure 3. Histopathology of different studied groups (H&E x400); a, Group of mice injected IP with nano-Chl, then the tumor site was
irradiated to pulsed ultrasound: [poorly differentiated carcinoma (necrosis; 74%)]; b, Group of mice injected IP with (nano-Chl),
followed by tumor site irradiation with continuous ultrasound: [poorly differentiated carcinoma (necrosis; 79%)]; ¢, Group of mice
irradiated to 4000Hz IRL for 3 minutes, followed by pulsed ultrasound 3W for 3 minutes: [poorly differentiated carcinoma (necrosis;
80%)]; and d, Group of mice injected IP with (NChl). The tumor site was irradiated to 7000Hz IRL for 3 min, followed by pulsed
ultrasound 3W for 3 minutes: [poorly differentiated carcinoma (necrosis; 95%)].

J. Biosci. Appl. Res.
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Discussion

A combined treatment of photosensitizer, IR laser
photodynamic therapy, and sonodynamic therapy were
employed for the purpose to investigate whether IR
laser, ultrasound each alone or combined together with
nano-Chl or nano-5-ALA, as a photosensitizer, could
be safely administered and provide an increased local
tumor cytotoxic response. Biochemical and
pathological evaluation of different treatments was
performed. Results revealed that nano-Chl or nano-5-
ALA are potential photosensitizers and sonosensitizer
for photodynamic or sonodynamic treatment of
Ehrlich ascites tumor tissue. Sono-photosensitizer can
play important roles in inhibiting tumor growth and
even inducing cell death, which might be attributed to
photo or sono-chemical activation mechanism. Infra-
red laser in combination with ultrasound in the
presence of nano-Chl or nano-5-ALA showed a
potential antitumor effect. Sonocation followed by
light photon irradiation proved their excellent
efficiency as an anticancer therapy. The targeted
treatment ameliorated the antioxidant activity together
with liver and kidney functions and increased necrosis
of tumor cells.

MDA is used as a marker of oxidative stress, which
indicates a growing interest in studying the role played
by lipid peroxidation in cancer progression. MDA is a
low molecular weight aldehyde that can be produced
from a free radical attack on polyunsaturated fatty
acids @9, The probable reason for the elevated level of
serum lipid peroxide in breast carcinoma may be due
to defective antioxidant system which leads to the
accumulation of lipid peroxides in cancer tissue
followed by release into the blood stream. MDA
constitutes a highly cytotoxic major aldehyde final
peroxyl radical product of lipid peroxidation. It was
claimed to be an inhibitor to protective enzymes.
Hence, it could have both mutagenic and carcinogenic
effects @0,

In the current study, all groups injected with EAC,
have a significant increase in the levels of MDA as
compared to the control group animals. The inhibition
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of peroxidation, by nano-Chl or nano-5-ALA, is
mainly attributed to the scavenging of the reactive free
radicals involved in the peroxidation %2V, This
verifies the anti-lipid peroxidative role of nano-Chl or
nano-5-ALA via their ability to scavenge free radical
generation.

For the purpose of preventing cellular damage
induced by ROS, there is a lot of antioxidative defense
system. The anti-oxidative defense system may
scavenge ROS that plays an important role in the
initiation of lipid peroxidation and, therefore, plays a
protective role in cancer development. This defense
system operates through enzymatic (including SOD,
GPx, GST, and CAT), and non-enzymatic components
(mainly GSH) #2239 SOD is the primary step of
defense mechanism in the antioxidant system against
the oxidative stress, as it dismutase the highly toxic
superoxide anions (0%) to O, and H;0,. Gpx and
catalase can scavenge H.O. and convert it into
harmless byproducts, thereby providing protection
against ROS 20-26),

Also, GPx has high potency in scavenging reactive
free radicals in response to oxidative stress and
detoxifies peroxides and hydroperoxides that lead to
the oxidation of GSH @2, Furthermore, GST catalyzes
the conjugation of the thiol functional groups of GSH
to electrophilic xenobiotics, leading to the elimination
or conversion of the xenobiotic-GSH conjugate. In
such a reaction, the GSH is oxidized into GSSG, which
can be reduced to GSH by GR with the consumption
of NADPH. GSH is the most important non-enzyme
antioxidant in mammalian cells. GSH is said to be
involved in many cellular processes including the
detoxification of endogenous and exogenous
compounds and efficiently protects cells against
deleterious effects of oxidative stress by scavenging
free radicals, removing H>O», and suppressing lipid
peroxidation 223,

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
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(24-26) |t was reported that such a subsequent decrease
in the antioxidant defense is due to the decreased
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-Chl or nano-
5-ALA, US and /or IRL when compared to the control
group. This increase is due to the ability of sono-
photosensitizer 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 9,

The increase in the activities of the antioxidant
enzymes in nano-Chl or nano-5-ALA treated mice
compared to the control group indicates its effect. In
this study, a statistically significant negative
correlation between plasma mean levels of MDA and
antioxidant activities was observed. The high MDA
level could be explained by a defect in the antioxidant
system with the accumulation of lipid peroxides in the
tumor @¥, Furthermore, Sener et al.?% reported
statistically significant lower total antioxidant capacity
with significantly higher serum MDA levels in the
EAC group compared to the control group.

Creatinine and urea are metabolic products that are
removed from circulation by the kidney to prevent
their accumulation. An increase in the serum level of
these substances is regarded as an indication of loss of
renal function. 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 58, The biomarkers
of renal function, creatinine, and urea, were considered
in this study. It was observed in the current study that
nano-Chl or nano-5-ALA ameliorated the levels of
serum creatinine and urea which is an indication of
renal protection. This also confirms the protective role
of nano-Chl or nano-5-ALA against mice groups
implanted with EAC which induced renal dysfunction.

The liver is an organ involved in the
biotransformation of drugs and other hepato-toxicants.
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The serum level of bilirubin and activities of the liver
enzymes, ALT, AST, ALP, and GGT, are considered
reliable indices of hepatotoxicity. An increase in
serum ALT and AST may have resulted from leakage
from damaged hepatocytes (hepatocellular injury).
The biomarkers of hepatic function, ALT, AST, and
GGT, were considered in this study. In this study, mice
groups implanted with EAC caused a significant
increase in the serum activities of ALT, AST, and
GGT. ALT and AST are primarily located in the
cytoplasm and mitochondria of hepatocytes %3, In
this study, treatment with nano- Chl protected against
an increase in serum levels of ALT, AST, and GGT,
which is an indication of hepato-protection by nano-
Chl or nano-5-ALA. This also confirms the protective
role of nano- Chl against hepato-dysfunction.

Conclusion

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-photodynamic modality
employing exposure to infra-red laser and ultrasound,
pulsed and continuous, in combination with nano-Chl
or nano-5-ALA as a sono-photo sensitizer for treating
Ehrlich Ascites Carcinoma tumor implanted. The
possible application of nano-carrier-sono-photo-
dynamic therapy as in vivo anti-malignancy can open
a new line of research for modern cancer therapy that
needs to be further investigated.
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