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Abstract: Cancer treatment is one of the major problems facing the world year after year. The most common
used for cancer treatment is chemotherapy, as it is a narcotic toxin that is applied to the patient, which destroys the
cells of the body and thus body organs it not only kills cancer cells but also normal cells, which cause side effects
such as blood toxicity and decrease in the number of red blood cells, white blood cells, platelets and thus anemia,
feeling of vomiting, diarrhea, loss of hair and nails. Photodynamic therapy (PDT) is one of the relatively new ways to
treat malignant tumors with minimal patient side effects. It depends on photon activation by exposure to light, the
light used in this research is laser therapy to supply adequate light dose of the energy for a limited time to stimulate
the photosensitizer, but not enough to damage neighboring healthy tissue at a specific wavelength in the presence of
O,. In this work photodynamic therapy modality was used, Chlorin E6 was used as a photosensitizer drug and one
source of energy were used; namely low intensity laser therapy with three frequencies levels (1000, 2000, and 3000
Hz). Tumor- bearing animals were divided into the following groups each of 10 animals. The 1% group consists of two
control groups: the 1% one was untreated group and the 2™ one was injected with photosensitizer alone. The 2™ group
consists of 30 mice divided into 3 sub-groups and tumor site was irradiated with laser light as follows:1000 Hz,2000 Hz and
3000 Hz for 5 min.3" group consists of 30 mice injected with Chlorin E6 15 mg/Kg then divided into 3 subgroup and
tumor site was irradiated with laser light at the same conditions of 2™group .The results show decrease in tumor size
treated with drug which is used as a photosensitizer, laser, and combined treatment. The most effective treatment is to
use drug and laser together than used the drug or laser alone. Also the presence of photosensitizer increases the effect
of laser on tumor size. However, from histopathology of ehrlich tumor using 3000Hz of laser irradiation in the
presence of the photosensitizer drug approximately has the most effect than using the photosensitizer drug alone and
exhibit totally necrotized tumor. It can be concluded that the use of photosensitizer alone has no effect on Ehrlich
tumor. However, the presence of the drug with exposure to 3000 Hz infrared lasers has an effective effect on the
tumor. This work requires more effort to use phototherapy with exposure to different energies of infrared lasers.
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1. Introduction

Cancer remains leading cause of death The goal of cancer treatment is to produce
globally which is a multigenic and multicellular cure by removing the cause of the disease while
disease that can arise from all cell types and producing as little harm to the patient as possible.
organs with a multi-factorial etiology. Cancer Most conventional cancer treatments, e.g.,
treatment is one of the main challenges that face surgery, radiation and chemo-hormonal therapy
the scientific centers all over the world. The are possible, but they are usually highly morbid
cancer incidence percentage increases year after with low success rates ®. The dilemma of cancer
year. The most used treatment for cancer is therapy lies in selectively targeting and
chemotherapy which is an application of destroying only the cancer cells and leaving the
systemic cytotoxic drug inside the patient. There normal cells unharmed. For this reason, new
are two main problems in chemotherapy that the areas of cancer research have explored more
cytotoxic drug is given systematically and cannot specific methods of targeting only cancer cells.
be localized in the tumor region in most cases Such methods include development of new
that lead to killing the cancer cells as well as classes of drugs that are directed to unique sites
normal cells; and that cause the chemotherapy on cancer cells, as well as techniques that
side effects like anemia, decrease in all blood specifically tag only cancer cells for destruction.
cells count and platelets, nausea, vomiting, The destruction of solid tumors using
diarrhea, hair and nails loss and may cause a kind photodynamic therapy and laser therapy has been
of blood toxicity. under investigation for this purpose ¢~
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Photodynamic therapy (PDT) is a relatively
new approach for the treatment of malignancies with
only minimal side effects for the patient. It is based on
the administration of a tumor-localizing dye
photosensitizer(PS) that becomes toxic to neoplastic
cells when is activated by light usually from a laser at
a specific wavelength in the presence of O,.PDT is a
two-step procedure: first a photosensitizer is
administered, and then the region where the
photosensitizer accumulates is exposed to light of a
specific ~ wavelength,  which  activates  the
photosensitizer “® PDT is based on the fact that
photosensitizers are absorbed by all cells, but are
selectively retained by malignant tissue ©. PDT Kkills
tumor cells via apoptosis or necrosis (or both), both in
vivo and in vitro. The particular mode of cell death in
response to PDT depends on experimental conditions,
such as the dose of PDT and the subcellular
localization of the photosensitizer ). Furthermore,
PDT-mediated apoptosis may have different
mechanisms depending on the type of cells being
treated, the type of photosensitizer being used, the
light delivery protocols employed, and the time lag
between the photosensitizer and light treatment ¢,

PDT is a promising modality for the treatment
of solid tumor and other non-malignant conditions.
PDT is a minimally invasive technique that avoids
many of the side effects typical for radiation and
chemotherapy, since the drug and light by themselves
are not cytotoxic. It has the ability to irradiate only
tumor, the possibility of treating multiple lesions
simultaneously and the ability to retreat a tumor in
order to improve the response ‘% . The treatment
involves administration of a photosensitive drug to the
target site and after a suitable time period, to allow the
drug to accumulate within the tumor, the drug is
activated by specific energies of visible light. Laser,
near-infrared region, is typically used to produce the
activating light, which has greater penetration through
tissues and can be selected to lie beyond the longest
single-photon ~ absorption band 2. When the
photosensitizer is illuminated with light of appropriate
wavelength, the molecule becomes excited. Photo
excitation of photosensitizer leads to the formation of
singlet oxygen (*0,) and it was suggested that, this
highly active oxidant is the main damaging agent in
PDT ®. However, there are some indications that
besides O, other reactive oxygen species (ROS) such
as hydrogen peroxide (H,0,), superoxide (O,) and
hydroxyl (OH) radicals might be involved in the PS-
PDT induced tumor eradication ®*~*®. Investigations
on the mechanism of action of PS-PDT showed that
this treatment modality may include not only a direct
damaging of organelles within malignant cell, but also
destruction of blood vessels in the tumor locus
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resulting in reduced oxygen supply, nutrients ®% ")

and possibly activated the immune system “®.Some
drugs, referred to as photosensitizers, have synergistic
effect with red light irradiation. The majority of
photosensitizers are Chlorin E6, the most studied and
best known photosensitizer used in PDT in many
countries worldwide, possesses clear structure, better
tumor targeting ability, strong photodynamic activity
and lower cytotoxicity @22V which have been well
investigated in PDT. Chlorin E6 is known to enhance
the cell- killing effect of light irradiation at a dose at
which the chemical alone has unknown biological
effect. The present work aims at studying the effect of
a combined treatment of low intensity laser radiation
with and without photosensitizer e.g. Chlorin E6 on
tumor growth rate. In this work photodynamic therapy
modality was used. Chlorin E6 was used as a photo
sensitizer drug and one source of energy were used;
namely low intensity laser therapy with three
frequencies levels (1000, 2000, and 3000 Hz) in order
to study their effects on ehlich tumor without any side
effect on normal cells.

2. Material and Methods
2.1. Specifications of laser unit

Fig.1.show photo of low intensity laser
therapy unit (Mustang, 2000, Germany). The
maximum power is 2mWatt, the emission
frequencies ranged from 10Hz to 3000Hz and
two out puts, two laser emitters can be connected
simultaneously.

Fig.1. Photo of low intensity laser therapy unit
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2.2. Experimental procedures of PDT

2.2.1. Source of Photosensitizer
photosensitizer Chlorin E6 was purchased from Sigma
Chemicals  Company. A  commonly  used
photosensitizer CAS Number: 19660-77-6, Purity:
>95% Molecular Weight: 596.68 .Molecular Formula:
CasH36N406

2.2.2. Ethics and cancer cells

Ehrlich asites tumor was chosen as a rapidly
growing experimental tumor model #? where
various experimental designs for anticancer agents
can be applied. Ehrlich ascites carcinomas cells
(1x10°%ells), obtained from the animal house of
National Cancer Institute NCI Cairo University.
Ascites fluid was collected on the 7" day after
injection. The Ehrlich cells were washed twice and
then resuspended with 22-25¢g body weight and 6-8
weeks old and were then injected subcutaneously in
their left flanks where the tumors were developed in
a single and solid form. Tumor growth was
monitored post-inoculation until the desired volume
was reached. All animal procedures and care were
performed using guidelines for the Care and use of
laboratory animals ®® and approved by the Animal
Ethics Committee at Cairo University ¢,

2.2.3. Experimental animals

A total of 80 male Swiss albino mice with age 60—
65day, weighing 20 + 2.5gm, were used. Ehrlich ascites
carcinoma cells 2 x 10° mammary in origin, diluted
approximately in  0.9% saline were inoculated
subcutaneously on their left flanks 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
7 after inoculation, the treatment study was started.

2.2.4. Preparation of photosensitizer Chlorin E6
photosensitizer Chlorin E6 was dissolved in a
sterilized saline solution 0.9% saline and administered
to tumor-bearing mice at a dose of 15mg/kg by
injection for 15 day 24 hours before exposure to
different treatment modalities.

2.3. Methods of treatment
Tumor- bearing animals were divided into the

following groups each of 10 animals.

1- 1% group two control groups (20 animals): the 1%
was untreated group and the 2™ was injected with
photosensitizer alone
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2- 2™ group consists of 30 mice divided into 3 sub-
groups and tumor site was irradiated with laser light
as follows:

a- 1000 Hz, for 5 min.
b- 2000 Hz for 5 min.
¢- 3000 Hz for 5 min.

3- 3“ group consists of 30 mice injected with
photosensitizer Chlorin E6 15mg/Kg, then divided
into 3 subgroups and tumor site was irradiated with
laser light at the same conditions of 2™group

2.3.1. Laser Treatment

The mice were anesthetized by Ether and the
hair over the tumors was removed. The mice were
fixed on a plate of cork with the tumor lifted up and
then the laser probe was placed tightly to irradiated
tumor with laser for a period of five minutes

2.4. Tumor size measurements

Due to the high growth rate in Ehrlich tumor
model, change in tumor volume (Vmm®) was
monitored over a l1l4day period for laser-
photosensitizer treated groups and control group.
Ellipsoidal tumor volume was assessed every day
and tumor volume (V) was calculated using the
formula

V = (/6) (d)? (D) )
Where D and d are the long and short axes
respectively. Tumor diameters were measured with a
digital Vernier calipers. Mice were selected for
treatment when the tumors reached the desired
volume (0.7-1cm®).This size was chosen as a
convenient treatment size that matches the laser spot
size. Multivariate analysis of variance (MANOVA)
was carried out to investigate the effect of both time
(from day 0 up to day 15) and type of treatment on
tumor growth. T-TEST (least significance
difference) multiple-comparison test was also
conducted to check the significance between group
pairs @),

2.5. Inhibition ratio percent of the tumor size

After two weeks of treatment with
photosensitizer, mice were slaughtered, tumor was
removed and weighted with grams then calculated the
reduction in the percentage of tumor by the following
equation .

Tumer Volume = [ ] x100% (2)

Where C&T is the average tumor weight of the
control and treated group respectively
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2.6. Tumor extraction

The tumor mass was collected and its
measure at its longest and shortest axis was
determined using a digital caliper. Then the
solution was maintained at 10% formaldehyde
for one day and transferred to 70% alcohol. After
that the samples were embedded in paraffin, cut
at Spm thick and stained with hematoxylin-eosin
(HE) for light microscopic observation ¢”.

2.7. Histopathological examination

At the time of sacrifice, the tumors were
excised from the animals samples from each
tumor tissues were fixed in 10% formalin and
embedded in paraffin. Sections of tissues were
stained with Hematoxylin and eosin 2,

2.8. Statistical Analysis of Data:

The data were analyzed using one-way
analysis of variance (ANOVA). Results were
expressed as mean * standard error (SE) and
values of P>0.05 were considered non-
significantly different; while those of P < 0.05
and P < 0.01 were considered significant and
highly  significant  respectively  probability
expresses the general effect between groups.

3. Results

Fig2. & Fig3. Show the variation of tumor
volume as a function of treatment periods. The
results showed a difference in the size of the
tumor during different periods of treatment which
showed a clear decrement in the size of the tumor
when use the drug alone or laser beam alone or
both together also results showed that the
treatment of ehrlich tumor with laser beam at the
frequency of 3000 Hz and drug are more
effective in the destruction of cancer cells than
using of laser or drug separately.

As shown in Fig.4. After the completion of the
treatment period, the size of the tumor was
measured for different groups by increasing the
intensity of the laser beam. The results showed a
decrease in the size of the tumor and this
decrease was decreased in the presence of the
medicine with radiation
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Tumor growth rate after 14 days of starting treatment
of different groups are presented in table (1).It is clear
from this table that there was not significant
changes in tumor size by using the drug alone
which has no any effect on the tumor size along
the total period of treatment. However, there is
very high significant effect by using 3000Hz of
laser radiation in the presence of Chlorin E6 drug
which is the most effect than using the drug
alone.

Table (I): Tumor growth rate after 14 days of starting
treatment of different groups

mice Tumor growth rate (mm®/day)
no Control Chlorin E6 Laser(3000Hz)
group drug only +
Chlorin E6 drug
1% 57.8 50.9 0.025
2nd 63.3 55.2 0.027
3" 68.4 61.2 0.033
4 731 68.5 0.035
5 775 72.3 0.036
6™ 84.4 74.5 0.056
70 89.3 76.6 0.063
Mean 73.4 65.6 0.0393
value
+SE 4.257 3.771* 0.0055**

* Not significant **very high significant

Table Il illustrates Tumor inhibition ratio % at the end
of 14 days starting from the day of treatment. It is
clear from this table Il that the inhibition ratio percent
increases from 2.9% for drug only to 81.75% for using
laser (3000Hz) and Photosensitizer drug together
which is the most effective effect.

Table (II): Tumor inhibition ratio % at the end of 14
days starting from the day of treatment

Tumor
Groups Tumor weight (gm) inhibition ratio
(%)
Control 1.37 £0.034 0
Chlorin E6 1.33 +0.054 2.9
(drug)
Laser frequency (Hz)
1000 1.27+0.053 7.3
2000 1.24 +0.011 9.49
3000 1.18 +0.013 13.87
Laser frequency (Hz)+ Chlorin E6 Dru
1000 1.14 +0.044 16.79
2000 0.75 +0.011 45.26
3000 0.25+0.068 81.75

85

Histopathological examination of the Ehrlich
solid tumor (EST) under light microscope (Fig.5)
with magnification x100.Showed compact and
aggregation of the tumor tissue cells spread
within the muscular tissues (1).In case of group
Fig.5 (B) where tumors were injected with drug
without any treatment with laser. In case of sham
group (Fig.5(C, D and E)) where tumors were
exposed to laser with frequency1000, 2000 and
3000 Hz respectively without drug injection,
show viable islands of tumor cells and there is an
increase in necrotic. Fig.5F,G and I x100: Section
in EST exposed to laser radiation at different
frequencies 1000,2000 and 3000Hz respectively
in the presence of photosensitizer which shows
tumor tissue sections represented high and wide
zones of apoptotic cells and other many zones of
tumor cells (Fig.5F),pleomorphism,
hyperchromatism (Fig.5G),and totally necrotized
for tumor(Fig.5H) for groups exposed to 3000Hz
of laser radiation after drug injection which give
us good improvement.
>

Fig.5. Histopathology of Ehrlich tumor cells with magnification
400x. (A) Photomicrographs of sections in Ehrlich solid tumor
(EST) stained by H. and E for control group (neither laser nor drug
treatment)  Fig.5A: Section in Ehrlich solid tumor (EST). Fig.5B:
Section in EST treated by photosensitizer. Fig.5 C, D and E x100:
Section in EST exposed to laser radiation at different frequencies
1000,2000 and 3000Hz respectively in the absence of
photosensitizer. Fig. 5F,G x100: Section in EST exposed to laser
radiation at different frequencies 1000,2000 and 3000Hz
respectively in the presence of photosensitizer.
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4, Discussions

Cancer is a class of diseases that increase
year after year as it causes disorders due to
uncontrolled cell division where uncontrolled cells are
formed and the ability of these cells to invade other
tissues either through the irregular growth of
neighboring tissues through invasion or tumor of
malignant tumor and other growth As a result of the
damage caused to the DNA, leading to mutations in
the genes responsible for controlling cell division.
This results in a mutation in the DNA that may arise
from chemicals, carcinogens or viruses. This mutation
leads to the transformation of the healthy cell into a
malignant cell

Cancer can be treated by surgery,
chemotherapy, radiation therapy, immunotherapy,
monoclonal antibody therapy or other methods. The
choice of therapy depends upon the location and grade
of the tumor and the stage of the
disease, as well as the general state of the patient. A
number of experimental cancer treatments are also
under development. Complete removal of the cancer
without damage to the rest of the body is the goal of
treatment.

Radiation therapy also called as radiotherapy,
laser therapy, which is used to kill cancer cells and
shrink tumor. Radiation therapy can be administered
externally via external beam radiotherapy (EBRT) or
internally via brachytherapy. Radiation therapy injures
or destroys cells in the area being treated by damaging
their genetic material, and enables to grow and divide.
Photosensitizer is agents directly damage DNA to
prevent the cancer cell from reproducing. As a class of
drugs, these agents are not phase-specific and in other
words, they work in all phases of the cell cycle .

Photodynamic therapy (PDT is suggested by a

number of researchers as a promising modality for the
treatment of solid tumors and other non-malignant
conditions. It comprises the use of a photo sensitizer
drug to enhance the absorption of the incident
irradiation. It avoids many of the side effects of chemo
and/or radiation therapy in that it is invasive modality
since the photo sensitizer drug used in addition to
exposure to light are not toxic by themselves. Also, in
this promising modality, it is possible to irradiate only
the tumor with a minimum or completely damage to
the adjacent normal tissues) ?¢29.
Figure 2 describes a tumor growth curve which is
approximately an ascending curve (line) starting from
the day of injection of cancer cells in normal mice to
reach a maximum value on day 14.

During the fourteen days following the
exposure of the tumor bearing mice to three different
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frequencies of low intensity laser therapy which
exhibit a depression in the tumor volume that showing
a plateau with the 1000 Hz, followed by that of the
2000 Hz, and ending with the 3000Hz infrared laser.
So, it can be concluded that infrared laser has a
depression effect on the tumor volume starting with
day eleven with the 1000 and 2000 Hz, and with day
nine with the 3000 Hz low intensity laser therapy.

It is clear that exposure to mice carrying the
tumor to the infrared laser alone or in combination
with the photosensitizer drug has a profound effect on
tumor size with maximum effect in the presence of
drugs and with maximum energy (or frequency) , with
3000 Hz. However, from the pathological anatomy of
the Ehrlich tumor using 3000Hz of lasers in the
presence of light photosensitizer drugs has the most
effect than using the photosensitizer drug alone and
exhibit totally necrotized tumor. It could be concluded
that the use of the photosensitizer drug alone has no
effect on the Ehrlich tumor. However, the presence of
the drug gave maximum effects with exposure to 3000
Hz infrared laser irradiation. This work requires an
effort to reach more powerful effects using
phototherapy with exposure to other different energies
of the lasers.

5. Conclusion

From the data of this work, it can be concluded
that; the photosensitizer drug alone has no effect on
Ehrlich tumor. The use of infrared laser in the
frequency range (1000 — 3000) Hz has an effect on
tumor which is judged by the inhibition ratio of the
tumor (= 13.87 %) on using 3000 Hz laser Radiation-
The infrared laser with frequency 3000 Hz in the
presence of the drug is more effective than using
infrared laser alone which give inhibition ratio of the
tumor (= 81.75 %).The combination of exposure to
infrared laser (3000Hz) in the presence of
photosensitizer is more effective than infrared laser
alone. From histopathology of ehrlich tumor using
3000Hz of laser irradiation in the presence of the
photosensitizer drug approximately has the most effect
than using the photosensitizer drug alone and exhibit
totally necrotized tumor.

Corresponding Author:

Dr. Sahar Ebeid Aboneima

Department of Physics, Damanhour University, Egypt.
E-mail: sahar_amr2002@yahoo.com

References

1. Allison RR, Sibata C, Mang T.S. et al. Photodynamic
therapy for chest wall recurrence from breast cancer.
2004; 1.2; 157-171.


mailto:sahar_amr2002@yahoo.com

Cancer Biology 2017;7(2)

http://www.cancerbio.net

10.

11.

12.

13.

14.

15.

16.

Chen WR, Adams RL, Carubelli R. et al. Laser-Photo
sensitizer assisted immunotherapy: a novel modality
for cancer treatment. Cancer Latter. 1997; 115: 25-30.
Seki T, Wakabayashi M, Nakagawa T. et al.
Percutaneous micro wave coagulation therapy for
patients with small hepatocellular carcinoma:
comparison with percutaneous ethanol injection
therapy. Cancer 1999; 85:1694-1702.

Wilson BC and Patterson MS. The physics of
photodynamic therapy. Phys Med Biol. 1986; 31:327-
360.

Weishoupt KR, Gomer CJ and Dougherty TJ.
Identification of singlet Oxygen as the cytotoxic agent
in photo inactivation of a murine tumor. Cancer Res.
1976; 36: 2326-2329.

Athar M., Mukhtar H., Elmets CA. et al. In situ
evidence for the involvement of superoxide anions in
cutaneous porphyrin photosensitzation. Bio-chem
Biophys Res Commun (1988); 151:1054-1059.

Das M, Mukhtar H, Greenspan ER. et al.
Photoenhancement of lipid peroxidation associated
with the generation of reactive oxygen species in
hepatic microsomes of hematoporphyrin derivative-
treated rats. Cancer Res. 1985; 45:6328-6330.

Wilson BC and Patterson MS. The physics of
photodynamic therapy. Phys Med Biol. 1986; 31:327-
360.

Harihgran PV, Courtney J and Eleczko S. Production
of hydroxyl radicals in cell systems exposed to
haemato porphyrin and red light. Int J Radiat Biol.
1980; 37:691-694.

Doughterty TJ, Gomer CJ, Henderson BW. et al.
Photodynamic therapy: Review, J.natle. Cancer Inst.
1998; 90,889-905.

Zivile Luksiene. Photodynamic therapy : mechanism
of action and ways to improve the efficiency of
treatment. Medicina. 2003; 39:1137-1150.

Parrish JA. New concepts in therapeutic photo
medicine-photochemistry, Optical targeting and the
therapeutic window. J Invest Dermatol. 1981; 77:45-
50.

Weishoupt KR, Gomer CJ and Dougherty TJ.
Identification of singlet Oxygen as the cytotoxic agent
in photo inactivation of a murine tumor. Cancer Res.
1976; 36: 2326-2329.

Athar M., Mukhtar H., EImets CA. et al. In situ
evidence for the involvement of superoxide anions in
cutaneous porphyrin photosensitzation. Bio-chem
Biophys Res Commun (1988); 151:1054-1059.
Harihgran PV, Courtney J and Eleczko S. Production
of hydroxyl radicals in cell systems exposed to
haemato porphyrin and red light. Int J Radiat Biol.
1980; 37:691-694.

Shevehuk IN, Chekuloyev VA, and chekulayeva LV.
The role of lipid peroxidation and protein degradation
in the photo destruction of Ehrlich ascites carcinoma

25/6/2017

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

cells sensitized by hematoporphyrin derivative. Exp.
Oncol. 2002; 24:216-224.

Star WM, Marijnissen HP, Vanden Berg-Blok A et al.
Destruction of rat mammary tumor and normal tissue
microcirculation by hematoporphyrin  derivative
photoradiation observed in vivo in sandwich
observation Chambers. Cancer Res 1986; 46:2532-
2540.

Korbeli KM. Induction of tumor immunity by
photodynamic therapy, J Clin Laser Med Surg. 1996;
14:329-334.

Zhang, J.; Deng, L.; Yao, J.; Gu, P.; Yang, F.; Wang,
X.; Liu, W.; Zhang, Y.; Ke, X,; Jing, X.; et al.
Synthesis and photobiological study of a novel chlorin
photosensitizer bcpd-18ma for photodynamic therapy.
Bioorg. Med.Chem. 2011, 19, 5520-5528.

Aicher, D.; Grafe, S.; Stark, C.B.; Wiehe, A.
Synthesis ~ of  beta-functionalized  temoporfin
derivatives for an application in photodynamic
therapy. Bioorg. Med. Chem. Lett. 2011, 21, 5808—
5811.

Li, D.; Li, P.; Lin, H.; Jiang, Z.; Guo, L.; Li, B. A
novel chlorin-peg-folate conjugate with higher water
solubility,lower cytotoxicity, better tumor targeting
and photodynamic activity. J. Photochem. Photobiol.
B 2013, 127,28-37.

G. Klein and L. Revesz, Quantitative studies on the
multiplication of neoplastic cells in vivo. I. growth
curves of the Ehrlich and MC1M ascites tumors. J.
Natl. Cancer Inst,195314, 229 .

National Research Council, Guide for the Care and
Use of Laboratory Animals, National Academy Press,
Washington, DC (1996).

Nihal Elbialy, Mahmoud Abdelhamid, and Tareq
Youssef, Low Power Argon Laser-Induced Thermal
Therapy for Subcutaneous Ehrlich Carcinoma in Mice
Using Spherical Gold Nanoparticles . J Biomed
Nanotechnol.(2010), 6, 1-7.

Yumita N, Nishigaki R, Umemurea K, and Umemura
S. Synergistic effect of ultra sound and hemato
porphyrin on sarcoma 180. J Pn J Comcer Res. 1990;
81: 304-308.

Rondon Tosta Ramalho, Ricardo Dutra Aydos,

landara Schettert, Pedro Carvalho
Cassino,Histopathological ~ evaluation of tumor
necrosis and volume after cyanogenic
chemotherapy,Acta Cirdrgica Brasileira 29 ,38-

42(2014).

Vogelstein B, KW. "Cancer genes and pathways they

control”. Nat Med, 2004; 10.

Dominika N, Marcin M, Tomas ZS, Magdalena L,
Tadeus ZI and Jakub G. Direct tumor damage
mechanisms  of photodynamic therapy. Acta
Biochimica Polonica 2005; 52: 339-352.

Konan YN, Gurny R, and Allemann E. State of the art
in the delivery of photosensitizers for photodynamic
therapy. J Photochem photobiol B. 2002; 66: 89-106.



