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ARTICLE INFO ABSTRACT

Breast carcinoma is a major health problem that threatens the life of women with an increasing need
for anticancer therapy. The present study designed to examine the efficiency of using
sono/photodynamic therapy (SPDT) in combination with Garcinia cambogia as sono/photosensitizer,
for Ehrlich Ascites Carcinoma (EAC) therapy. The biochemical markers, hepatorenal injuries markers
besides histopathological investigation were harnessed to examine the experimental groups after
treatments. This work revealed that tumors from various treated groups of mice bearing the tumor
showed different percentages of necrosis and tumor proliferation based on the type of treatment.
Tumor excised from mice receiving SPDT with Garcinia cambogia treatment showed a significant
increase of necrosis compared to other groups without Garcinia cambogia as a sensitizer. The group
of mice subjected to the combination of SPDT in the presence of Garcinia cambogia, showed large
foci distinct necrosis areas of large distinct foci of necrosis in the tumor and no tumor proliferation. In
conclusion, this study unveiled the possible anti-tumor activity of Garcinia cambogia as
sono/photosensitizer in combination with SPDT for EAC bearing mice.

Copyright © 2021, Amr G.E. Dardeer et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Globally in 2016, cancer was in charge of 9 million deaths with
22% 1. The number of deaths was escalated in 2018 to 9.5
million with 17 million new cases worldwide. Females breast
cancer is observed as one of the most diagnosed cancers. It was
noticed as 11.6% of the total cases as well as 6.6% of the total
cancer deaths. It was forecasted to be about 2.1 million new
cases in 2018, regarding almost 1 in 4 cancer cases among
women 2. In Egypt, the breast neoplasia prevalence represents
19% of total cases with elevation from 1% to 2% per year.
Unfortunately, the breast cancer was diagnosed in end stages
3,4. The most of cases were diagnosed at ages ranged from 30s
to 60s. In contrary of Europe and North America countries,
women breast carcinoma were diagnosed at 49 years old 3.
Geographically, the Egyptian women in 2014 showed 33.8%
for Lower Egypt, 26.8% for Middle Egypt and 38.7% for
Upper Egypt of breast carcinoma 5. Based on the GLOBOCAN
2018, there were 23 081 at 35.1% new diagnosed women
cases. Regarding the age-standardized (world) incidence and
mortality rates, the incidence rate that was 52.4 cases per
100,000 in opposite to mortality rate that was 21.3 deaths per
100,000 6.
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In the 1960s, Lipson and Baldes reported the photodynamic
therapy (PDT) term. This was after observing fluoresce of
porphyrin mixture as photosensitizer under ultraviolet light
irradiation in cancerous tissue 7. Photosensitizer drug is
essential for PDT. It is a photosensitive molecule that localizes
to a target cell and/or tissue. The light, at a specific
wavelength, activates the photosensitizer that transfers energy
from light to molecular oxygen O2 , to generate reactive oxygen
species (ROS). The exposure to light activates the
photosensitizer only in the particular areas of tissue 8. There
were number of studies revealed potential impacts of PDT in
early stage breast carcinoma patients 9–11. The sonodynamic
therapy (SDT) term is described as the non-thermally related
therapeutic ultrasound (US) applications. Yumita and
Umemura were the first discovered the phenomenon of
sonochemical activation of photosensitive materials by US for
cancer therapy 12. Also, SDT relies on the generation of ROS
through the simultaneous combination of US, O2 and a
sonosensitizer drug 13. In contrary, the SDT offers significant
advantages because US is widely accepted as low cost with
high safety 14. Sonophotodynamic therapy (SPDT), also known
as a next generation photodynamic therapy (NGPDT), is the
approach of combining SDT with PDT. This combination
increases the therapeutic potentials. SPDT approved its
efficiency on three breast carcinoma patients who had been
exhausted from conventional therapy.
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This study revealed significant breast tumor mass reduction in
all three patients 15. Another study revealed that there is
significant tumor destruction under SPDT and patients live
longer in 75% of cases 16. Both photosensitizers and
sonosensitizers are essential for PDT and SDT. Their
therapeutic effects depend on their distribution and uptake in
cells and tissues. This is due to their very short lifetime and
very short diffusion distance of some radical products derived
from the sensitizers 17. The suggested mechanism of photo /
sonosensitizers activities is binding of negatively charged
lactate in the neoplastic cell that produced through an
anaerobic metabolism to the positively charged sensitizer
molecule. This is achieved when light or US activation
increases the energy level of the sensitizer, producing ROS.
This collapses the organic matter, destroying the cell structure
and killing or damaging the cell 18. Garcinia cambogia (G.
cambogia) or the Malabar tamarind is native plant to
Southeastern Asia. The fruit rind is typically used as a food
preservative, flavoring agent or food bulking agent 19, and as a
traditional remedies to treat several diseases and infections 20.
Its phytochemistry contains many bioactive chemical
compounds. It has various organic acids 21, xanthones 22 and
benzophenones 23. The G. cambogia benzophenone is the
common nucleus of garcinol (also known as camboginol or
guttiferone E) and isogarcinol (also known as cambogin) 22

whereas guttiferones I, N, J, K and M, as well as the
polyisoprenylated benzophenones 24,25. The major constituents
have indicated biological activity such as antiobesity 26, lipids
lowering agent 27 and anticancer activity 28 including breast
neoplasia 29. Our study was tailored to point out the anticancer
activity of G. cambogia extract as photosensitizer and
sonosensitizer on Ehrlich ascites carcinoma (EAC) bearing
Swiss albino mice. The treatment was associated with PDT and
SDT. The aim of the work was assessed through examined
biochemical and pathological studies.

Experimental

G. cambogia extract: In the present work G. cambogia extract
was used as sono/photosensitizer; chemically active by
absorption of light and/or US. The extract was prepared by
liquid-liquid extraction method 30. The extract administered to
EAC bearing mice intraperitoneally (i.p.) for 14 days 18-20
hours before exposure to either photo and / or sonodynamic
treatment modalities.

Animals and Ehrlich Tumor Cells: The male Swiss albino
mice with age 60 – 65 day, weighing 20 ± 2.0 g, were
purchased from National Cancer Institute, Cairo University.
EAC cells, 2x106 cells/mouse mammary in origin, diluted
approximately in 0.9 % saline were inoculated subcutaneously
(s.c) on the left dorsal limb region of mice. The animals were
housed in plastic cages and were kept under natural light with
diet and water at available. When the tumor had grown to about
10 mm in diameter at day 10 after inoculation, 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 divided into group I: (30
mice); a) 10 mice: Normal mice without treatment. b) 10 mice:
EAC without treatment. c) 10 mice: EAC treated with (G.
cambogia extract only).

Group II: (20 mice, laser irradiated group) a) 10 mice: were
exposed to 4000 Hz Infra-Red Laser (IRL), for 3 minutes. b)
10 mice: were exposed to 7000 Hz IRL, for 3 minutes. Group
III: (20 mice, ultrasound group); a) 10 mice: were exposed to
pulsed ultrasound (US) for 3 minutes. b) 10 mice: were
exposed to continuous US for 3 minutes. Group IV: (20 mice,
G. cambogia extract, IRL group); The mice of this group were
injected i.p. with G. cambogia extract, then the EAC site was
irradiated to IRL at same conditions of group II. Group V: (20
mice, G. cambogia extract, US group); The mice of this group
were injected i.p. with G. cambogia extract, then the EAC site
was irradiated to US at same conditions of group III. Group VI:
(20 mice, US/IRL group); a) 10 mice: The tumor site was
irradiated to IRL for 3 minutes, followed by US for 3 minutes.
b) 10 mice: Injected i.p. with G. cambogia extract, then the
EAC site was irradiated to IRL for 3 minutes, followed by US
for 3 minutes.

IRL and US Modalities: For IRL and/or US 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 IRL and/or US for 3 minutes at the
different conditions as mentioned before. Animals were
maintained in the dark to avoid skin irritation after PDT, SDT
and SPDT. Exposure of mice tumor to the IRL 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 a frequency up to 7000 Hz.
Exposure of mice tumor to the continuous and pulsed US was
carried out using an US 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 US
mechanical energy by means of US transducer (calcium
zirconate etitanate). The mechanical US energy has a beam
power density which can be adjusted from 0.5 to 3 W/cm2.
This instrument operates at both continuous wave mode with
output power from 0.5 to 3 W/cm2 adjustable in 11 steps and
pulsed mode (pulse frequency 1000 Hz, duty ratio 1/3 and
average power density from 0.15 to 1 W/cm2).

For assessment of the impacts to all studied mice groups the
biochemical, molecular, and histopathological investigations
were done:

Tumor Assays: During treatment session, tumor growth was
examined regularly every day. Length and width of tumors
were measured with a caliper and tumor volume (TV) was
calculated by the use of the following equation 31.

Evaluation of Sonophotosensitizer and SPDT: Two weeks
after the treatment, the mice were killed and the tumors were
dissected out, weighed (in grams), their volumes (in
millimeters3) were measured using cylindrical measuring flux.
The tumor mass inhibition ratio (TMIR%) 32 and tumor volume
growth ratio (TVGR%) 33 were calculated as following
equation.
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Blood Samples Preparation: Blood sample (2.5 mL of venous
blood) was withdrawn from all mice groups. These blood
samples were clotted thoroughly for 20 minutes then
centrifuged at 3000 ×g for 20 minutes for separating serum for
biochemical examinations.

Oxidative Stress and Antioxidant Panel: Lipid peroxidation
(LPx - malondialdehyde, MDA), total antioxidant capacity
(TAC), glutathione reductase (GR) activity, glutathione-S-
transferase (GST) activity, superoxide dismutase (SOD)
activity and Catalase (CAT) activity assay kits were purchased
from (Biodiagnostic diagnostic and research) manufacturer and
used according to the manufacturer's instructions.

Renal and Hepatic Biomarkers: Urea (Ur), creatinine (Cr),
alanine transaminase (ALT) activity, aspartate
aminotransferase (AST) activity and gamma-glutamyl
transferase (GGT) activity assay kit were purchased from
BIOLABO SAS, Les Hautes Rives 02160, Maizy, France and
used according to the manufacturer's instructions.

Light Microscopy and Transmission Electron Microscopy
Examination: Small pieces of EAC tissues of the experimental
groups were processed and examined by hematoxylin and eosin
method. The small pieces of EAC tissues were fixed at 10%
formaldehyde. Then dehydrated in ascending grades using
alcohol. Embedded in paraffin to produce paraffin block. Then
the blocks were cut into 3-4 μm thick sections and floated in
water bath. Cleaned with xylene, then rehydrated in descending
grades of alcohol. Stained with hematoxylin and eosin stain.
Cleaned again ethylene. After all, 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 which follow a normal distribution. The
given graphs were constructed using Microsoft excel software.
All statistical analysis was done using two tailed tests and
alpha error of 0.05. The p value less than or equal to 0.05 was
statistically significant.

RESULTS AND DISCUSSION

Tumor Assays: Effects of Treatment Modalities on Tumor
Volume and Tumor Weight. The relationships between tumor
volume (TV) and between tumor weight (TW) during treatment
period for various treatment modalities either treated with IRL-
PDT or pulsed/continuous US-SDT in the presence or absence
of G. cambogia extract are presented in Figure (1). TVs or
TWs were normalized to volumes before starting the treatment.
Treatment with G. cambogia extract only has little or no effect
on either TV or TW. Up to one week, all treatment modulates
have little effect on the TV or TW.

After one week, treatment with IRL and US (pulsed or
continuous wave) in the presence or absence of G. cambogia
extract, become more effective. Results obtained indicated that
presence of G. cambogia extract increases the effect of both
IRL and US. Pulsed US wave is more effective than continuous
US wave in the presences of G. cambogia extract. Pulsed wave
US was selected to combine with IRL at 7000 Hz. The
combination between IRL and US treatment modality is
efficient on tumor cells more than using them separately.

Tumor Volume Growth Ratio (TVGR%)

The Table (1) showed the TVGR% for only EAC and treated
groups. G. cambogia extract alone had minimal inhibitory
effect on TVGR%. IRL alone at 7000 Hz had lower growth
rate than that of US wave (pulsed or continuous). IRL operated
at 4000 Hz and 7000 Hz combined with G. cambogia extract
showed synergistic antitumor effect than US with G. cambogia
extract. Combination of IRL at 7000 Hz, pulsed wave US and
G. cambogia extract showed high suppression of tumor growth
rate.

Table (1): Tumor volume and tumor volume growth ratio in the different
studied groups at the end of treatment in absence of dieldrin

Tumor Mass Inhibition Ratio (TMIR%)

The Table (2) illustrated the effect of different treatment
modalities at the end of the treatment period of 14 days. It is
clear from this table that the TW after IRL or US in the
presence of G. cambogia extract were reduced compared with
that after IRL or US alone. The maximum inhibition ratio
percentage was noticed in the treated group with IRL and US
in the presence of G. cambogia extract.

Oxidative Stress and Antioxidant Panel: In the underlying
study, the increase in LPx was reported in control group which
carried EAC. In all the irradiated groups and that irradiated and
treated without G. cambogia extract, a significant increase in
the levels of MDA was observed. Animals in groups irradiated
with IRL or US or both with G. cambogia extract exhibited
significantly low levels of MDA, as compared with the cancer
control group or with treated mice without activation of G.
cambogia extract, as illustrated in Table (3). There were
statistically significant differences between groups at p ≤ 0.05.
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Table 2. Tumor weights and tumor mass inhibition ratio in the different
studied groups at the end of treatment in absence of dieldrin

Table 3. Activities of antioxidants in the different studied groups
in absence of dieldrin

The implanted mice with EAC showed decreased activities of the
enzymatic and non-enzymatic antioxidants such as SOD, CAT,
GR, GST and TAC in comparison with normal animals. On the
other hand, there is a significant increase in the antioxidant guard
in the groups irradiated with IRL or US or both with G. cambogia
extract when compared with cancer control group or with treated
mice without activation of G. cambogia extract.

Renal and Hepatic Biomarkers: The biomarkers of renal
function, namely, Cr and Ur, were estimated. The EAC caused a
significant increase in the serum Cr and Ur levels in the studied
groups. On the other hand, the G. cambogia extract caused
decrease in the levels of serum Cr and Ur which is probably an
indication of renal protection, as showed in Table (4). This also
confirms the protective role of G. cambogia extract against renal
toxicity. The statistically significant differences between groups at
p ≤ 0.05 were observed. Also, the biomarkers of hepatic function,
ALT, AST and GGT, were assessed. 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 G. cambogia extract a decrease in serum levels of ALT, AST,
and GGT, were observed which is an indication of the
hepatoprotection by G. cambogia extract, i.e., this confirms the
protective role of G. cambogia extract against hepatotoxicity.

Table  4. Renal and hepatic functions in the different studied
groups in absence of dieldrin

Light Microscopy and Transmission Electron Microscopy
Examinations: Figure (2) showed the histopathologic
examination for tumor tissue of all studied mice groups. The
histological evaluation revealed that all tumors from the group of
EAC mice without treatment work as a control group were highly
malignant cells and the tumors showed (0-5%) necrosis. Group of
EAC mice treated with G. cambogia extract as
sono/photosensitizer; nearly similar percentage as only EAC group
due to G. cambogia extract inactivation. Group of mice treated
with IRL group, 4000 Hz, 7000 Hz only, showed significant areas
of necrosis (45-60%, respectively). In the group of mice injected
i.p. with G. cambogia extract then the tumor site was irradiated to
4000 Hz, 7000 Hz showed significant areas of necrosis (65-75%,
respectively). Group of mice treated with pulsed or continuous US
for 3 minutes
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Figure (1): A.The effect of combined exposure (IRL and US) on tumor volume (mm3) of untreated and garcinia treated groups.B.The average tumor
volume (mm3) of untreated and garcinia treated combined exposure (IRL and US) groups. C.The effect of IRL at different frequencies on the tumor
volume (mm3) of untreated and garcinia treated groups.D. The effect of continuous and pulsed ultrasound waves on tumor volume (mm3) of untreated
and garcinia treated groups.

Figure (2): A: Group of EAC bearing mice without treatment as a control group: (poorly differentiated malignant tumor (necrosis; 0-5%). B: Group of mice
tumor bearing mice treated with G. cambogia extract as sonophotosensitizer only: (poorly differentiated malignant tumor (necrosis; 10-15%). C: Group of
mice treated with 4000 Hz IRL for 3 minutes: (poorly differentiated malignant tumor (necrosis; 30-45%). D: Group of mice treated with 7000Hz IRL for 3
minutes: (Poorly differentiated malignant tumor (necrosis; 45-60%). E: Group of mice injected i.p. with G. cambogia extract and irradiated with 4000 Hz

IRL: (poorly differentiated malignant tumor (necrosis; 50-65%). F: Group of mice injected i.p. with G. cambogia extract and irradiated with 7000 Hz IRL:
(poorly differentiated malignant tumor (necrosis; 60-75%). G: Group of mice treated with continuous US for 3 minutes: (poorly differentiated malignant

tumor (necrosis; 45-60%). H: Group of mice treated with pulsed US for 3 minutes: (poorly differentiated malignant tumor (necrosis; 50-65%). I: Group of
mice injected i.p. with G. cambogia extract and irradiated with continuous US: (poorly differentiated malignant tumor (necrosis; 60-75%). J: Group of mice

injected i.p. with G. cambogia extract and irradiated with pulsed US: (poorly differentiated malignant tumor (necrosis; 65-80%). K: Group of mice irradiated
to 7000Hz IRL, followed by pulsed US for 3 minutes: (poorly differentiated malignant tumor (necrosis; 70-80%). L: Group of mice injected i.p. with G.

cambogia extract and irradiated to 7000Hz IRL, followed by pulsed US for 3 minutes:(poorly differentiated malignant tumor (necrosis; 75-85%)
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showed significant areas of necrosis (60-65%, respectively).
The Group of mice injected i.p. with G. cambogia extract, then
the EAC site was irradiated to pulsed or continuous US the
areas of necrosis (70-75%, respectively), when compared with
only EAC group. While in case of two combination groups,
7000 Hz followed by pulsed US, and group of mice injected
i.p. with G. cambogia extract then tumor site was irradiated to
7000 Hz, followed by pulsed US. Large foci of necrosis areas
(80-85%, respectively) were present which were distinctly
appeared. Figure (3) showed the ultrastructure examination of
studied mice groups using TEM; histological evaluation
revealed that EAC without treatment as a control group was
highly malignancy with 5 % necrosis while in case of two
combination groups injected i.p. with G. cambogia extract,
tumors showed large foci of necrosis areas (85%). In this study,
G. cambogia extract as sensitizer for IRL-PDT and US-SDT
were accomplished through investigation alone or combined
manner in EAC bearing swiss albino mice. The G. cambogia
extract could be safely administered, provide an increased local
carcinoma cytotoxic response and represents a potential cancer
therapy approach.

The first description of the EAC was in 1932 by Loewenthal
and Jahn 34. It is a spontaneous murine mammary
adenocarcinoma 35 adapted to ascites form and carried in
outbred mice by serial i.p. passages. It is a transplantable,
poorly differentiated malignant tumor and one of the
experimental breast neoplasia. Its cells fill the peritoneal cavity
by rapid division of cells, accumulation of a fluid named ascitic
fluid and animal dies 17 - 18 days following EAC
transplantation 36. It has been reported that EAC cells lack H-2
histocompatibility antigens 37, which apparently is the reason
for their rapid proliferation in almost any mouse host 38. EAC
is used as ascites or a solid form due to these purposes, if the
ascites fluid contains the tumor cells that injected i.p., the
ascites form is obtained, but if it is injected s.c., a solid form is
obtained 39,40. The quantity of TV and TW are used in a wide
range of studies therapeutic effectiveness by expressing
TVGR% and TMIR%. It could therefore be inferred that
significantly enhanced decrease of TVGR%, meanwhile,
increase of TMIR% are considered as antitumor activity
through natural product in solid EAC bearing mice study

models 41,42 were crossmatched with our results in the current
study. The EAC induced ROS in mice regarded to several
studies 43,44. Over production of ROS has been implicated in
the pathogenesis of breast cancer 45,46. ROS are contributed to
all carcinogenesis phases from initiation to malignant
conversion. This is true for all kinds of cancers 47 including
breast carcinoma. Also, it result in LPx and subsequent
increase in MDA and other thiobarbituric acid reactive
substances (TBARS) levels which lead to degradation of
cellular macromolecules 48. MDA can be produced from free
radical attack on polyunsaturated fatty acids 49. The probable
reason for the elevated level of serum lipid peroxide in breast
cancer patients may be due to defective antioxidant system
which leads to the accumulation of lipid peroxides in cancer
tissue followed by release into the blood circulation 50. MDA
constitutes a highly cytotoxic major aldehyde final peroxyl
radical product of LPx. It is claimed to be an inhibitor to
protective enzymes. Hence, it could have both mutagenic and
carcinogenic effects 51. Also, the histopathology of this group
illustrated poorly differentiated malignant tumor with necrosis.

On other hand, PDT uses a combination of light,
photosensitizer and O to kill cancerous cells 52. Typically, a
light source is used to excite an electron in the photosensitizer
from the ground state to the first excited singlet state 53. TheO is a ROS that ultimately leads to cell death 54. In an
oxygenated medium, O largely mediates photosensitization,
but the supplemental role of H O , hydroxyl group (OH•) and
superoxide anion (O• ) is also relevant. Therefore, only
substrates situated very close to the places of ROS generation
will be firstly affected by the PDT 55. The damage of the
plasma membrane can be observed within minutes after light
exposure. This type of damage is manifested as LPx 56. Light
induced membrane alteration involves inflammatory cellular
damage. Photooxidative lesions of membrane lipids prompt a
rapid activation of membranous phospholipases 57 leading to
accelerated phospholipid degradation with a massive release of
lipid fragments and metabolites of arachidonic acid 58,59. Also,
increased macrophage activity was demonstrated after PDT in
vitro and in vivo 60–62. The data represented the mechanism of
PDT cytotoxicity in vivo is TNF-mediated tumor necrosis. It
reported that macrophages release TNF-α following PDT
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without nuclei (arrow), cells having swollen ruptured cytoplasmic organelles (*)



treatment 63 and preferentially destroy PDT treated tumor cell
targets 64. This increase could be due to a rise in macrophage
produced ROS 65, that induces or upregulates TNF-α 63. In the
same concept of PDT, the SDT relies on the generation of ROS
through the simultaneous combination of low intensity US, O
and a sonosensitizer 13. SDT offers significant advantages over
PDT because US can penetrate in soft tissue up to several tens
of centimeters depending on the frequency used 14. SDT
induces apoptosis characteristic features such as mitochondrial
transmembrane potential disturbances, loss of
phosphatidylserine asymmetry, morphological changes and
DNA fragmentation 66–68. This revealed when US treatment
leaded to activated caspase-3 induced apoptosis 66. Evidence
against O2

1 formation during SDT 69 that induced apoptosis
was suggested before 66. Moreover, after a successful US
treatment caspase-3 gene mRNA level was significantly
increased in another study. This is a further supporting
evidence of US-induced apoptosis 70 through caspase-3
mechanism.

Cells are also equipped with antioxidant system that contribute
a crucial role in the elimination of free radicals. SOD and CAT,
GST, and glutathione peroxidase (GPx) are involved in the
clearance of O2

• and hydrogen peroxide (H2O2). SOD
catalyzes the conversion of O2

• into H2O2, which must be
eliminated by GPx and/ or CAT 71. GST catalyze the
nucleophilic addition of the thiol of reduced glutathione (GSH)
to a variety of electrophiles 72. While, GR converts oxidized
glutathione (GSSG) back to GSH uses NADPH 73. In EAC
bearing mice, the depletion of the CAT, SOD 74,75, GST 44,76,
TAC 77, GSH 78 GPx as well as GR levels significantly because
of increased LPx 79. Our result showed G. cambogia extract
enhanced antioxidants such as SOD, GSH and CAT
significantly 80. In contrary, the antioxidants were decreased in
EAC group than that in either G. cambogia extract treated
groups or control group.

The photosensitization property of benzophenone nucleus was
reported when exposed to ultraviolet 81, laser 82 and US 83 that
produces O2

1 . Many previous studies suggested the antitumor,
proapoptotic and antiangiogenic impacts of benzophenone
analogues. Benzophenones showed significant antitumor
activity in both in vivo and in vitro against many cancer cell
lines 84–87. Also, the inhibitory role of benzophenone analogues
against tumor growth was mediated through a direct effect on
tumor cells that resulted in cell cycle arrest, differentiation or
apoptosis 88,89. Their analogues also were reported as
antiangiogenic agents 90,91. Therefore, it could explain the
improvement in TV and TW of EAC groups that exposed to
either IRL-PDT, US-SDT or SPDT beside received G.
cambogia extract that contains benzophenone based compounds
such as garcinol, isogarcinol 22, guttiferones I, N, J, K and M as
well as the polyisoprenylated benzophenones 24,25. These results
were compatible with that G. cambogia extract alone had
minimal inhibitory effect on the different groups that showed
highest TV and TW. Also, the groups that expose to IRL alone
at either 4000 Hz or 7000 Hz, revealed lower growth rate than
that of groups that exposed to US either pulsed or continuous
modalities. The group that exposed to IRL at 4000 Hz and 7000
Hz combined with G. cambogia extract showed synergistic
antitumor inhibitory impact than US with G. cambogia extract.
The combination of IRL at 7000 Hz, pulsed wave US and G.

cambogia extract showed high suppression of growth rate.
Additionally, the results of the present work illustrated the
impacts of tumor mass in different modalities of treatment after
IRL-PDT or US-SDT in the presence of G. cambogia extract
were reduced compared with that after IRL-PDT or US-SDT
alone. Moreover, the hematoxylin and eosin histopathological
examination showed that all tumors from the EAC bearing mice
group were included highly malignant cells. EAC masses were
excised from animals that received G. cambogia extract. They
showed significant areas of necrosis in comparison to groups
did not receive the extract. In the group of mice subjected to
combination of both IRL-PDT and US-SDT in the presences of
G. cambogia extract, large foci distinct necrosis areas were
observed. These were crossmatched with tumor tissues
ultrastructure that unveiled the EAC untreated cancerous group;
showed irregular serrated nuclear membrane with deep
indentations, having polypoid large nuclei, and coarsely
clumped dense heterochromatin situated on the nuclear
membrane. Besides G. cambogia extract, 7000Hz IRL and
pulsed US treated group; showed massive areas of tumor dead
cell seen as ghosts of pale cells without nuclei, cells having
swollen ruptured cytoplasmic organelles.

Furthermore, hepatocytes are severely damaged in the animals
with EAC mass 92. This could show an increase in the levels of
ALT, AST and GGT in the serum of EAC bearing mice 93,94.
Hepatic and renal damages associated with significant
elevations in serum Cr, Ur, ALT, AST and GGT confirms the
involvement of EAC-induced hepatorenal toxicity 95,96.The
elevation of liver and kidney markers is an index of impaired
hepatorenal functions due to cancer as observed in EAC mice
groups. It was found that a rise in MDA level which was
correlated with impaired hepatorenal injuries 97 in EAC mice
groups. The inhibitory effect of G. cambogia extract on the LPx
damage induced by its antioxidant property. After treatment,
the levels of serum ALT and AST were found to be normal 98.
Reduced level of these hepatic enzymes in serum is one of the
indications of the antitumor potentiality 99. In our results, the
diminished hepatic, and renal markers in either G. cambogia
extract treated group or control group were less than that in
EAC groups. This was suggested that phenolic constituents
present in the G. cambogia extract might be responsible for the
activity 100.

In conclusion, the effect of exposing the tumor to IR laser as a
photodynamic therapy increased with increasing the laser
energy resulted in decreasing the tumor volume, tumor growth
rate and increasing tumor volume inhibition ratio. These effects
were observed either on using infrared laser alone (with its two
frequencies) or in the presence of the garcinia. According to IR
results, the inhibition in the tumor volume has maximum value
on using 7000 Hz IR laser in the presence of the garcinia. The
effect of exposure to pulsed ultrasound wave was more than
that in case of using continuous ultrasound wave. Similar
variations occurred in case of using ultrasound exposure only or
in the presence of the garcinia, with maximum effect occurred
on using ultrasound in the presence of the garcinia. Combined
treatment of IR laser at 7000 Hz and pulsed ultrasound wave in
the presence of garcinia was more effective than either IR laser
or ultrasound alone. While, in the group of mice carrying the
tumor only, a significant increase in the levels of MDA as
compared to the control group of animals. The combination of
photodynamic and sonodynamic therapy in the presences of
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garcinia significantly decreased the levels of MDA. In all
Ehrlich bearing mice groups decreased activities of SOD, CAT,
GR, GST, and TAC in comparison with normal group were
observed. A significant increase in the enzymatic and non-
enzymatic antioxidant guard was observed in the groups
subjected to combination of photodynamic and sonodynamic
therapy in the presences of garcinia. It was observed that
treatment with garcinia ameliorated the levels of serum Cr and
Ur which is an indication of renal protection. This also
confirms the protective role of garcinia against renal toxicity
that unveiled by Ur and Cr concentrations. Also, treatment with
garcinia protected against increase in serum activities of ALT,
AST, and GGT, which is an indication of hepatoprotection by
garcinia. This also confirms the protective role of garcinia
against hepatotoxicity. The histological evaluation revealed that
all tumors from the group of mice bearing the tumor included
highly malignant cells. Tumors excised from animals receiving
treatment garcinia showed significant areas of necrosis
compared to groups without garcinia. In the group of animals
subjected to combination of photodynamic and sonodynamic
therapy in the presences of garcinia, large foci distinct necrosis
areas were appeared.
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